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>>>Start Changes<<<
5.4.4.1a
UE radio capability signalling optimisation (RACS)

With the increase of the size of UE radio capabilities driven e.g. by additional frequency bands and combinations thereof for E-UTRA and NR, an efficient approach to signal UE Radio Access Capability information over the radio interface and other network interfaces is defined with RACS.

RACS works by assigning an identifier to represent a set of UE radio capabilities. This identifier is called UE Radio Capability ID. A UE Radio Capability ID can be either UE manufacturer assigned or PLMN-assigned, as specified in clause 5.9.10. The UE Radio Capability ID is an alternative to the signalling of the radio capabilities container over the radio interface, within NG-RAN, from NG-RAN to E-UTRAN, from AMF to NG-RAN and between CN nodes supporting RACS.

PLMN-assigned UE Radio Capability ID is assigned to the UE using the UE Configuration Update procedure, or Registration Accept as defined in TS 23.502 [3].

The UCMF (UE radio Capability Management Function) stores all UE Radio Capability ID mappings in a PLMN and is responsible for assigning every PLMN-assigned UE Radio Capability ID in this PLMN, see clause 6.2.21.

In order to be able to interpret the UE Radio Capability ID a Network Function or node may store a local copy of the mapping between the UE Radio Capability ID and its corresponding UE Radio Access Capabilities information i.e. a dictionary entry. When no mapping is available between a UE Radio Capability ID and the corresponding UE Radio Capability information in a Network Function or node, this Network Function or node shall be able to retrieve this mapping and store it.

-
An AMF which supports RACS shall store such UE Radio Capability ID mapping at least for all the UEs that it serves that have a UE Radio Capability ID assigned.

-
The NG-RAN performs local caching of the UE Radio Access Capabilities for the UE Radio Capability IDs for the UEs it is serving, and potentially for other UE Radio Capability IDs according to suitable local policies.

-
When the NG-RAN needs to retrieve the mapping of a UE Radio Capability ID to the corresponding UE Radio Capability information, it queries the AMF using N2 signalling defined in TS 38.413 [34].

-
When the AMF needs to retrieve a PLMN-assigned UE Radio Capability ID for a UE from the UCMF, it provides the UE Radio Capabilities Information for the UE. The UCMF store the association of this IMEI/TAC and SV with this UE Radio Capability ID.

-
When the AMF retrieves the UE Radio Capability Information associated to a UE Radio Capability ID it provides the UE Radio Capability ID it to UCMF in order to obtain a mapping of a UE Radio Capability ID to the corresponding UE Radio Capabilities information.

A network may utilise the PLMN-assigned UE Radio Capability ID, without involving the UE, e.g. for use with legacy UEs.

Mutual detection of the support of the RACS feature happens between NG-RAN nodes at Xn setup and between NG-RAN and AMF at N2 setup time. To allow for a mix of RACS-supporting and non-RACS-supporting RAN nodes over the Xn interfaces, the UE Radio Capability ID should be included in the Path Switch signalling between AMF and NG-RAN. In addition, RACS-supporting RAN nodes can be discovered across inter-CN node boundaries e.g. using the Configuration Transfer procedure. The support of RACS by peer AMFs or MMEs is based on configuration in a PLMN or across PLMNs.

A UE indicates its support for RACS to AMF using UE MM Core Network Capability, separately for NB-IOT and non-NB-IOT RATs as defined in clause 5.4.4a.

A UE that supports RACS and stores an applicable UE Radio Capability ID for the current UE Radio Configuration in the PLMN, shall signal the UE Radio Capability ID in the Initial Registration procedure as defined in TS 23.502 [3]. If both PLMN-assigned for the current PLMN and UE manufacturer-assigned UE Radio Capability IDs are stored in the UE and applicable in the PLMN, the UE shall signal the PLMN-assigned UE Radio Capability ID in the Registration Request message.

When a PLMN decides to switch to operate based on manufacturer-assigned UE Radio Capability ID for a particular type of UE (e.g. based on TAC and SV):

-
for a particular set of UE Radio Capability IDs that is assumed to operate based on UE manufacturer-assigned UE Radio Capability ID, the AMF indicates to UEs to delete the PLMN-assigned UE Radio Capability ID.

-
a UE that receives indication to delete the PLMN-assigned UE Radio Capability ID in the Registration Accept message, or UE Configuration Update command message, deletes any PLMN-assigned UE Radio Capability IDs for this PLMN. The UE proceeds to register with the UE manufacturer assigned UE Radio Capability ID that is applicable to the current UE Radio configuration.

Editor's note:
The interaction between UCMF and AMF in order to switch to operate based on manufacturer-assigned UE Radio Capability ID for a particular type of UE is FFS.

The serving AMF stores the UE Radio Capability ID for a UE in the UE context and provides this UE Radio Capability ID to NG-RAN as part of the UE context information using N2 signalling.

The UE stores the PLMN-assigned UE Radio Capability ID in non-volatile memory when in RM-DEREGISTERED state and can use it again when it registers in the same PLMN.

NOTE 1:
It is assumed that UE does not need to store the access stratum information (i.e. UE-EUTRA-Capability and UE-NR-Capability specified in TS 36.331 [51] and TS 38.331 [28], respectively) that was indicated by the UE to the network when the PLMN-assigned UE Radio Capability ID was assigned by the network. However, it is assumed that the UE does store the related UE configuration (e.g. whether or not GERAN or UTRAN or MBMS is enabled/disabled).

At any given time at most one UE Radio Capability ID for NB-IoT and at most one UE Radio Capability ID for non-NB-IoT (i.e. WB-E-UTRA and/or NR) is stored in the UE context in CN and RAN.

The number of PLMN-assigned UE Radio Capability IDs that the UE stores in non-volatile memory is left up to UE implementation. However, to minimise the load (e.g. from radio signalling) on the Uu interface and to provide smoother inter-PLMN mobility (e.g. at land borders) the UE shall be able to store at least the latest 16 PLMN-assigned UE Radio Capability IDs (along with the PLMN that assigned them). This number is independent of the UE-manufacturer-assigned UE Radio Capability ID(s) the UE may store.

It shall be possible for a UE to change, e.g. upon change in its usage settings, the set of UE Radio Capabilities in time and signal the associated UE Radio Capability ID, if available. The UE stores the mapping between the UE Radio Capability ID and the corresponding UE Radio Capability information for every UE Radio Capability ID it stores.

The NG-RAN may apply RRC filtering of UE radio capabilities when it retrieves the UE Radio Capabilities information from the UE as defined in TS 38.331 [28].

NOTE 2:
In a RACS supporting PLMN, the filter of UE Radio Capabilities configured in NG-RAN is preferably as wide in scope as possible (e.g. PLMN-wide). In this case, it corresponds e.g. to the super-set of bands, band-combinations and RATs the PLMN deploys and not only to the specific NG-RAN node or region.

NOTE 3:
If the filter of UE Radio Capabilities configured in two NG-RAN nodes is different, during handover between these two nodes, it is possible that the target NG-RAN node might need to enquire the UE for its UE Radio Capability information again and trigger re-allocation of a PLMN-assigned UE Radio Capability ID leading to extra signalling. Additionally, a narrow filter might reduce the list of candidate target nodes.

If a UE supports both NB-IoT and possibly other RATs the UE handles the RACS procedures as follows:
-
For PLMN-assigned UE Radio Capability ID:
-
If the UE supports RACS in NB-IoT and non-NB-IoT RATs (i.e. WB-EUTRA and/or NR) 
-
when the UE is camping on NB-IoT and is queried for radio capabilities it provides only NB-IoT UE radio capabilities to the network as per TS 38.331 [28]. As a result the UE Radio Capability ID that is assigned by the AMF and UCMF corresponds only to the signalled NB-IoT UE Radio Capabilities. The UE uses the UE Radio Capability IDs assigned for NB-IoT UE radio capabilities only in Registration Update procedures performed over NB-IoT.
-
when the UE is not camping on NB-IoT, the UE provides UE radio capabilities for other RATs but not NB-IoT UE radio capabilities to the network as per TS 38.331 [28]. As a result the UE Radio Capability ID that is assigned by the AMF and UCMF corresponds only to the UE Radio Capabilities of the non-NB-IoT RATs. The UE uses the UE Radio Capability IDs assigned for UE radio capabilities of non-NB-IoT RATs only in Registration Update procedures performed over non-NB-IoT RATs.
-
If the UE does not support RACS in NB-IoT but supports RACS in non-NB-IoT RATs (i.e. WB-EUTRA and/or NR)

-
NB-IoT specific UE Radio Capability information is handled in UE, RAN and AMF as per clause 5.4.4.1.
-
when the UE is not camping on NB-IoT, the UE provides UE radio capabilities for other RATs but not NB-IoT UE radio capabilities to the network as per TS 38.331 [28]. As a result the UE Radio Capability ID that is assigned by the AMF and UCMF corresponds only to the UE Radio Capabilities of the non-NB-IoT RATs.The UE uses the UE Radio Capability IDs assigned for UE radio capabilities of non-NB-IoT RATs only in Registration Update procedures performed over non-NB-IoT RATs.
-
If the UE supports NB-IoT only and supports RACS when is queried for radio capabilities it provides only NB-IoT UE radio capabilities to the network and therefore the UE Radio Capability IDs it provides can only apply to NB-IoT.
Manufacturer-assigned UE Radio Capability ID applies to all the RATs the UE supports including NB-IoT if supported.
Support for RACS in EPS is defined in TS 23.401 [26].

>>>Next Change<<<
5.4.4a
UE MM Core Network Capability handling

The UE MM Core Network Capability is split into the S1 UE network capability (mostly for E-UTRAN access related core network parameters) and the Core Network Capability (mostly to include other UE capabilities related to 5GCN or interworking with EPS) as defined in TS 24.501 [47] and contains non radio-related capabilities, e.g. the NAS security algorithms etc. The S1 UE network capability is transferred between all CN nodes at AMF to AMF, AMF to MME, MME to MME, and MME to AMF changes. The 5GMM capability is transferred only at AMF to AMF changes.

In order to ensure that the UE MM Core Network Capability information stored in the AMF is up to date (e.g. to handle the situation when the USIM is moved into a different device while out of coverage, and the old device did not send the Detach message; and the cases of inter-RAT Registration Area Update), the UE shall send the UE MM Core Network Capability information to the AMF during the Initial Registration and Mobility Registration Update procedure within the NAS message.

The AMF shall store always the latest UE MM Core Network Capability received from the UE. Any UE MM Core Network Capability that an AMF receives from an old AMF/MME is replaced when the UE provides the UE MM Core Network Capability with Registration signalling.

If the UE's UE MM Core Network Capability information changes (in either CM-CONNECTED or in CM-IDLE state), the UE shall perform a Mobility Registration Update procedure when it next returns to NG-RAN coverage. See clause 4.2.2 of TS 23.502 [3].

The UE shall indicate in the UE 5GMM Core Network Capability if the UE supports:

-
Attach in EPC with Request type "Handover" in PDN CONNECTIVITY Request message (TS 23.401 [26], clause 5.3.2.1).

-
EPC NAS.

-
SMS over NAS.

-
LCS.

-
5G SRVCC from NG-RAN to UTRAN, as specified in TS 23.216 [88].

-
Radio Capabilities Signalling optimisation (RACS) indicating support for RACS for non-NB-IoT RATs only, or support for RACS for all RATs including NB-IoT or no support for RACS.
-
Network Slice-Specific Authentication and Authorization.

>>>End of changes<<<

