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1
Introduction
The present contribution focuses on the following open key issues:
-
selection between RRC and NAS signalling in light of the SA3 conclusion (see [1]).

-
whether enhancements to the filtering mechanism are needed in connection with RACS.

2
Selection between RRC and NAS 

Since UE capability ID transfer is not required for Service request or INACTIVE to CONNECTED transitions, NAS or AS signalling of UE capability ID has no impact on these more time critical procedures.

Observation #1: UE capability ID transfer using AS or NAS signalling has no impact on the time critical transitions.

In [1] SA3 WG concluded that the UE capability ID transferred from the UE should be security protected. Since both NAS signalling and RRC signalling allow ciphered and integrity protected transfer of signalling messages, the UE capability ID can still be sent either using RRC signalling or using NAS signalling. Figure-1a/1b reflects the flow sequence if UE capability ID is transferred using RRC signalling (when AMF has or does not have the UE capability ID, respectively), while Figure-2a/2b provides the same where the ID is transferred using NAS signalling (when AMF has or does not have the UE capability ID, respectively).
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Figure 1a: UE Capability ID transfer using RRC signalling (AMF has the UE capability ID)
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Figure 1b: UE Capability ID transfer using RRC signalling (AMF does not have the UE capability ID)
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Figure 2a: UE Capability ID transfer using NAS signalling (AMF has the UE capability ID)
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Figure 2b: UE Capability ID transfer using NAS signalling (AMF does not have the UE capability ID)
Assuming that the UE has a UE capability ID to provide at registration time, we can observe a few advantages with using the NAS signalling (provide in RED in Figure-2). If NAS security is active, capability ID can already be provided in NAS registration.  Here the AMF can be provided with the UE capability ID even before the N2 context setup is requested. This information at the AMF can mean that the gNB can be provided with the UE capability ID information at the start of N2 context setup. If RRC signalling is used, then the UE capability ID availability is delayed until the access stratum security is established, which is after the N2 context setup.

Observation #2: Using NAS signalling for transfer of UE capability ID reduces the overall signalling and delay for a Registration procedure.

Since using NAS signalling is better for registration, even though it is not a time critical procedure, it is proposed:
Proposal 1: Agree that NAS signalling is used to transfer the UE capability ID by the UE.

3
Filtering
The discussion on filtering is related only to PLMN-assigned UE capability ID, because the Manufacturer-based ID reflects the full capability of the UE and is not affected by the NW provided capability filters.

In SA2#130 there was a discussion whether with the introduction of UE capability ID there is still need to use (e.g. region dependent) filtering, or whether the network should be configured with a “PLMN-wide” filter:

-
With a “PLMN-wide” filter the UE is requested to signal the complete subset of its capability that might be used in any of the regions of the PLMN, even though some of the reported capability may not be needed in the region where the UE capability has been reported. The rationale for this logic is that in a given PLMN the UE would have to signal its capability only once.

-
On the other hand, it was commented that in some areas (e.g. Heathrow airport) it may be desirable to limit the signaling volume due to the bursty arrival of inbound roaming passengers that simultaneously turn on their phones upon aircraft landing.

In our view these two approaches can easily be reconciled.

-
If the first time the UE is signalling its capability outside of the Heathrow area, then it is requested to signal the complete subset of capability that might be used in any of the PLMN regions, using the “PLMN-wide” filter. The UE is assigned a UE capability ID that is understood throughout the PLMN, including Heathrow.

-
If the first time the UE is signalling its capability inside the Heathrow area (i.e. case of an inbound roamer), it is requested to signal a limited set of capability only, in order to reduce the signalling volume. The UE is assigned a UE capability ID that reflects its capabilities within the “Heathrow area”. As the UE moves outside of the “Heathrow area”, the UE performs a mobility Registration indicating the “Heathrow” UE capability ID. The network then requests the UE to signal its capability again, this time using the “PLMN-wide” filter and assigns the corresponding UE capability ID.

The need for changing the UE capability ID can be determined either by the AMF (e.g. by using a special range of capability IDs for the “Heathrow area”), or by the RAN (e.g. by comparing the applied filter contained in the capability received from the AMF with the filter that it is configured to use).
These two approaches are illustrated in Figure 3a and 3b, respectively.
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Figure 3a: Mobility registration and UE capability ID re-assignment (AMF determines the need for change)
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Figure 3b: Mobility registration and UE capability ID re-assignment (RAN determines the need for change)
In reference to Figure 3b, it should be noted that the gNB is able to determine the filter information that was applied when the radio capability was indicated by the UE to the network. As indicated in the ANNEX of this contribution, the filter information is contained within the UE capability itself.

Observation #3: The filter information that was applied when the radio capability was indicated by the UE to the network is contained within the UE capability itself.

It should be noted that the UE capability ID assignment is fully under network control. The UE only needs to store the UE capability ID and does not need to keep track of the exact capability set that was indicated by the UE to the network at the time when the UE capability ID was assigned by the network.
Observation #4: UE does not need to keep track of the exact capability set corresponding that was indicated by the UE to the network when the UE capability ID was assigned by the network.

The filters applied by the network should not be confused with the UE self-imposed “filters”. An example of a “UE filter” is when the user decides to switch from “2G/3G/4G” to “2G/3G”. The UE does need to keep track of any self-imposed “filter” in association with the assigned UE capability ID.
Observation #5: UE needs to keep track of any self-imposed “filter” in association with the PLMN-assigned UE capability ID.

4
Use of “delta” signalling

In some cases the network may request the UE to indicate the radio capability for a single RAT (RAT1) for whatever reasons. Later when the UE moves to another area the network may request the UE to indicate the radio capability for another RAT (RAT2).
It should be noted that the UE-EUTRA-Capability (36.331) and UE-NR-Capability (38.331) parameters are packaged in two distinct containers that can easily be combined by the RAN and can be shipped to the Core Network for the purpose of new UE Capability ID assignment and storage in a single N2 container. This means that the UE capability for RAT2 can be added on top of the existing capability for RAT1 (but without asking the UE to signal the latter) as a sort of “delta” signalling. The call flow in Figure-3b can be used to illustrate this.

The proponents of “delta” sigalling were probably looking for a more fine-grained “delta” signalling, but it is worth noting that “delta” signalling with the coarse per-RAT granularity can be supported rightaway. 

Observation #6: “Delta” signalling with per-RAT granularity can be supported in straightforward manner.

5
Proposal

It is proposed to agree the following:

Observation #1: Capability ID transfer using AS or NAS signalling has no impact on the time critical transitions.

Observation #2: Using NAS signalling for transfer of capability ID reduces the overall signalling and delay for a Registration procedure.

Proposal 1: Agree that NAS signalling is used to transfer the UE capability ID by the UE.

Observation #3: The filter information that was applied when the radio capability was indicated by the UE to the network is contained within the UE capability itself.

Observation #4: UE does not need to keep track of which capabilities correspond to the UE capability ID that was assigned by the network.
Observation #5: UE needs to keep track of any self-imposed “filter” in association with the PLMN-assigned UE capability ID.

Observation #6: “Delta” signalling with per-RAT granularity can be supported in straightforward manner.

It is proposed to capture these observations and proposals in TR 23.743 as indicated in the text proposal below.
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ANNEX Excerpts from 36.331 and 38.331 related to UE capability

The purpose of these excerpts is to illustrate the point that the filter that was applied when the UE indicated its radio capability to the network is contained within the UE capability itself.

Note that the UE-NR-Capability element (38.331) contains an explicit filter parameter called appliedFreqBandListFilter which contains a list of frequency bands.
For historical reasons the UE-EUTRA-Capability element (36.331) does not have such a compact structure and instead uses a collection of frequency bands and band combinations, in a data structure name that indicates the release when the band combination was introduced in standards (e.g. RF-Parameters-v1180 referring to Rel-11 spec version v11.8.0, etc.).

Excerpt from 38.331:

UE-NR-Capability ::=            SEQUENCE {

    accessStratumRelease            AccessStratumRelease,

    pdcp-Parameters                 PDCP-Parameters,

    rlc-Parameters                  RLC-Parameters                      OPTIONAL,

    mac-Parameters                  MAC-Parameters                      OPTIONAL,

    phy-Parameters                  Phy-Parameters,

    rf-Parameters                   RF-Parameters,

    measAndMobParameters            MeasAndMobParameters                OPTIONAL,

    fdd-Add-UE-NR-Capabilities      UE-NR-CapabilityAddXDD-Mode         OPTIONAL,

    tdd-Add-UE-NR-Capabilities      UE-NR-CapabilityAddXDD-Mode         OPTIONAL,

    fr1-Add-UE-NR-Capabilities      UE-NR-CapabilityAddFRX-Mode         OPTIONAL,

    fr2-Add-UE-NR-Capabilities      UE-NR-CapabilityAddFRX-Mode         OPTIONAL,

    featureSets                     FeatureSets                         OPTIONAL,

    featureSetCombinations          SEQUENCE (SIZE (1..maxFeatureSetCombinations)) OF FeatureSetCombination         OPTIONAL,

    lateNonCriticalExtension        OCTET STRING                        OPTIONAL,

    nonCriticalExtension            UE-NR-Capability-v1530              OPTIONAL
}

RF-Parameters ::=                   SEQUENCE {

    supportedBandListNR                 SEQUENCE (SIZE (1..maxBands)) OF BandNR,

    supportedBandCombinationList        BandCombinationList                         OPTIONAL,

    appliedFreqBandListFilter           FreqBandList                                OPTIONAL,

    ...,

    [[

    supportedBandCombinationList-v1540  BandCombinationList-v1540                   OPTIONAL,

    srs-SwitchingTimeRequested          ENUMERATED {true}                           OPTIONAL
    ]]

}

Excerpt from 36.331:

UE-EUTRA-Capability ::=


SEQUENCE {


accessStratumRelease


AccessStratumRelease,


ue-Category





INTEGER (1..5),


pdcp-Parameters




PDCP-Parameters,


phyLayerParameters



PhyLayerParameters,


rf-Parameters




RF-Parameters,


measParameters




MeasParameters,


featureGroupIndicators


BIT STRING (SIZE (32))




OPTIONAL,


interRAT-Parameters



SEQUENCE {



utraFDD






IRAT-ParametersUTRA-FDD



OPTIONAL,



utraTDD128





IRAT-ParametersUTRA-TDD128


OPTIONAL,



utraTDD384





IRAT-ParametersUTRA-TDD384


OPTIONAL,



utraTDD768





IRAT-ParametersUTRA-TDD768


OPTIONAL,



geran






IRAT-ParametersGERAN



OPTIONAL,



cdma2000-HRPD




IRAT-ParametersCDMA2000-HRPD

OPTIONAL,



cdma2000-1xRTT




IRAT-ParametersCDMA2000-1XRTT

OPTIONAL


},


nonCriticalExtension


UE-EUTRA-Capability-v920-IEs


OPTIONAL

}

RF-Parameters-v1180 ::=



SEQUENCE {


freqBandRetrieval-r11




ENUMERATED {supported}


OPTIONAL,


requestedBands-r11





SEQUENCE (SIZE (1.. maxBands)) OF FreqBandIndicator-r11





OPTIONAL,


supportedBandCombinationAdd-r11


SupportedBandCombinationAdd-r11

OPTIONAL

}
RF-Parameters-v11d0 ::=




SEQUENCE {


supportedBandCombinationAdd-v11d0

SupportedBandCombinationAdd-v11d0

OPTIONAL

}

RF-Parameters-v1250 ::=



SEQUENCE {

supportedBandListEUTRA-v1250



SupportedBandListEUTRA-v1250


OPTIONAL,


supportedBandCombination-v1250


SupportedBandCombination-v1250


OPTIONAL,


supportedBandCombinationAdd-v1250

SupportedBandCombinationAdd-v1250

OPTIONAL,

freqBandPriorityAdjustment-r12


ENUMERATED {supported}




OPTIONAL

}

RF-Parameters-v1270 ::=



SEQUENCE {


supportedBandCombination-v1270


SupportedBandCombination-v1270


OPTIONAL,


supportedBandCombinationAdd-v1270

SupportedBandCombinationAdd-v1270

OPTIONAL

}

RF-Parameters-v1310 ::=



SEQUENCE {


eNB-RequestedParameters-r13


SEQUENCE {



reducedIntNonContCombRequested-r13
ENUMERATED {true}





OPTIONAL,



requestedCCsDL-r13




INTEGER (2..32)






OPTIONAL,



requestedCCsUL-r13




INTEGER (2..32)






OPTIONAL,



skipFallbackCombRequested-r13

ENUMERATED {true}





OPTIONAL


}



















OPTIONAL,


maximumCCsRetrieval-r13




ENUMERATED {supported}




OPTIONAL,


skipFallbackCombinations-r13


ENUMERATED {supported}




OPTIONAL,


reducedIntNonContComb-r13



ENUMERATED {supported}




OPTIONAL,


supportedBandListEUTRA-v1310


SupportedBandListEUTRA-v1310


OPTIONAL,


supportedBandCombinationReduced-r13

SupportedBandCombinationReduced-r13

OPTIONAL

}

RF-Parameters-v1320 ::=



SEQUENCE {


supportedBandListEUTRA-v1320


SupportedBandListEUTRA-v1320


OPTIONAL,


supportedBandCombination-v1320


SupportedBandCombination-v1320


OPTIONAL,


supportedBandCombinationAdd-v1320

SupportedBandCombinationAdd-v1320

OPTIONAL,


supportedBandCombinationReduced-v1320
SupportedBandCombinationReduced-v1320
OPTIONAL

}

RF-Parameters-v1380 ::=



SEQUENCE {


supportedBandCombination-v1380


SupportedBandCombination-v1380


OPTIONAL,


supportedBandCombinationAdd-v1380

SupportedBandCombinationAdd-v1380

OPTIONAL,


supportedBandCombinationReduced-v1380
SupportedBandCombinationReduced-v1380
OPTIONAL

}

RF-Parameters-v1390 ::=



SEQUENCE {


supportedBandCombination-v1390


SupportedBandCombination-v1390


OPTIONAL,


supportedBandCombinationAdd-v1390

SupportedBandCombinationAdd-v1390

OPTIONAL,


supportedBandCombinationReduced-v1390
SupportedBandCombinationReduced-v1390
OPTIONAL

}

RF-Parameters-v1430 ::=



SEQUENCE {


supportedBandCombination-v1430


SupportedBandCombination-v1430


OPTIONAL,


supportedBandCombinationAdd-v1430

SupportedBandCombinationAdd-v1430

OPTIONAL,


supportedBandCombinationReduced-v1430
SupportedBandCombinationReduced-v1430
OPTIONAL,


eNB-RequestedParameters-v1430


SEQUENCE {



requestedDiffFallbackCombList-r14

BandCombinationList-r14


}



















OPTIONAL,


diffFallbackCombReport-r14



ENUMERATED {supported}




OPTIONAL

}

RF-Parameters-v1450 ::=



SEQUENCE {


supportedBandCombination-v1450


SupportedBandCombination-v1450


OPTIONAL,


supportedBandCombinationAdd-v1450

SupportedBandCombinationAdd-v1450

OPTIONAL,


supportedBandCombinationReduced-v1450
SupportedBandCombinationReduced-v1450
OPTIONAL

}

RF-Parameters-v1470 ::=



SEQUENCE {


supportedBandCombination-v1470


SupportedBandCombination-v1470


OPTIONAL,


supportedBandCombinationAdd-v1470

SupportedBandCombinationAdd-v1470

OPTIONAL,


supportedBandCombinationReduced-v1470
SupportedBandCombinationReduced-v1470
OPTIONAL

}

RF-Parameters-v1530 ::=



SEQUENCE {


sTTI-SPT-Supported-r15




ENUMERATED {supported} 




OPTIONAL,


supportedBandCombination-v1530


SupportedBandCombination-v1530


OPTIONAL,


supportedBandCombinationAdd-v1530

SupportedBandCombinationAdd-v1530

OPTIONAL,


supportedBandCombinationReduced-v1530
SupportedBandCombinationReduced-v1530
OPTIONAL,


powerClass-14dBm-r15




ENUMERATED {supported}




OPTIONAL

}

******************************** START CHANGE *********************************
8
Interim Conclusions

Editor's note:
This clause will capture conclusions from the study.
Editor's note:
These are interim conclusions and will be reviewed after response from RAN WGs.
For key issue #1 (How UE radio capabilities are identified?) the following principles are agreed:

-
The UE capability ID is a short pointer (few octets, the exact size is to be determined by RAN WG2) that is used to uniquely identify a set of UE Radio Capabilities;

-
The UE capability ID is assigned either by the serving PLMN or by the UE manufacturer, as follows:

-
Manufacturer-specific: The UE Capability ID may be assigned by the UE manufacturer in which case it is accompanied with the UE manufacturer information (e.g.TAC field in the PEI). In this case, the UE Capability ID uniquely identifies a set of UE Radio Capabilities for this manufacturer, and together with this UE manufacturer information uniquely identify this set of UE Radio Capabilities in any PLMN;

-
PLMN-specific: If a manufacturer-assigned UE Capability ID is not used by the UE or the serving network, or it is not recognised by the serving network, the serving core network may allocate UE Capability IDs for the UE corresponding to different sets of UE Radio capabilities the PLMN may receive at different times from the UE. In this case, the UE Capability IDs the UE receives are applicable to the serving PLMN and uniquely identify the corresponding sets of UE Radio Capabilities in this PLMN;

-
The type of UE Capability ID (Manufacturer-specific or PLMN-specific) needs to be distinguished when a UE Capability ID is signalled;

NOTE 1:
Which one of Manufacturer-specific or PLMN-specific and associated procedures for assignment are mandatory or optional in the UE, will be decided in normative phase of the work.
-
When the UE Capability ID is allocated by the serving PLMN the same PLMN-specific UE Capability ID can be provided to multiple different UEs with the same radio capabilities or different PLMN-specific UE Capability ID can be provided to multiple different UEs with the same radio capabilities. The strategies for allocating PLMN-specific UE Capability ID are based on local policy;

NOTE 2:
When the UE Capability ID is allocated by the serving PLMN, the method that the core network detects that the same UE Radio Capabilities are signalled by mutliple different UEs or the same "model" in order to allocate the same PLMN-specific UE Capability ID from SA2 point of view is left up to implementation or can be decided by RAN.
-
The UE stores the PLMN-specific UE Capability ID in non-volatile memory when in RM-DEREGISTERED state and can use it again when it registers in the same PLMN. The UE shall keep track of the set of UE Radio Capabilities associated with the assigned PLMN-specific UE Capability ID (e.g. whether the user had selected “2G/3G/4G” vs “2G/3G”), however the UE does not need to store the access stratum information (i.e. UE-EUTRA-Capability and UE-NR-Capability specified in TS 36.331 and TS 39.331, respectively) that was indicated by the UE to the network when the PLMN-specific UE Capability ID was assigned by the network.
NOTE 3:
The number of PLMN-specific UE Capability IDs that UE stores in non-volatile memory is left up to UE implementation.
-
It shall be possible for a UE to change the set of UE Radio Capabilities in time and signal the associated UE capability ID, if available.
-
if a UE capability ID is assigned by a PLMN when a UE capability filter is used, then the UE capability ID is related to the Capability Filter. Information about the filter that was applied by the network when the UE has indicated its radio capability is contained within the UE radio capability itself (refer to the appliedFreqBandListFilter parameter defined in TS 38.331 containing a list of frequency bands and band combinations, as well as the set of parameters named RF-Parameters-vXYZ defined in TS 36.331, where XYZ indicates the specification version when the parameter was introduced).
-
The network or the Manufacturer shall be able to change the UE Capability ID associated with a device, e.g., due to a SW upgrade enabling new UE Radio Capabilities on the device side (for the manufacturer assigned UE Capability ID) in the network side;

-
At any given instant the UE has only one UE capability ID that is indicated to the network.
-
Solution #9 (UE Capability ID with delta set of capabilities) is recommended for normative work, subject to feasibility being confirmed by RAN WG2.
NOTE x:
Delta signalling with per-RAT granularity is readily supported with current RAN specifications. After the delta capability corresponding to the new RAT (RAT2) is indicated by the UE to the network, the network assigns a new UE Capability ID corresponding to the sum of the old capability (RAT1) and the delta capability (RAT2).
-
The mapping between a specific capability ID and a corresponding set of capabilities does not change once set.

For key issue #2 the following principles are agreed:

-
Owing to the need to support UE Radio Access Capabilities > 65 536 bytes (i.e. > 524 288 bits), and, the need to support fast, reliable, low processing complexity mechanisms for frequently used procedures (at least Service Request, RRC Connection Resume, X2&Xn handover, secondary gNB addition), the full UE Radio Access Capabilities shall not normally be transferred as part of those procedures. This requires that the serving and target RAN stores a local copy of the mapping between the UE Capability IDs and the full UE Radio Access Capabilities for the UEs that frequently use that RAN node.
-
Information about the filter that was applied by the network when the UE has indicated its radio capability is contained within the UE radio capability itself, as defined in TS 36.331 and TS 38.331.
-
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;
-
NG-RAN that supports RACS, is mandatory to be able to maintain local storage of UE radio capabilities and have access to the mapping between the UE Capability ID and the full set of UEs radio capabilities;

-
A specific NG-RAN node that does not have the mapping between a specific UE Capability ID and the corresponding UE radio capabilities, shall be able to retrieve the mapping from CN.

-
The serving AMF stores the  UE Capability ID in the UE context if received and provides the capability ID to NG-RAN via N2 message, e.g. INITIAL CONTEXT SETUP REQUEST.
For key issue #3, the following principles are agreed:
-
RACS procedures will apply to 5GS. If there is interest similar procedures may apply to EPS but will be decided based on the objectives of the related work item in normative phase;

-
From SA WG2 point of view, for UEs that support the RACS feature, for UEs that are already assigned with an applicable UE Capability ID, it is mandatory to signal the UE Capability ID in Initial Registration. If both PLMN assigned and manufacturer assigned UE Capability IDs are available, the UE shall signal the PLMN assigned UE Capability ID;

Editor´s Note:
Whether and how for a given set of capabilities, the UE could later re-use a manufacturer-specific ID in a PLMN after being provided a PLMN-assigned ID for this set in this PLMN is FFS.

-
UE indicates the UE capability ID via NAS.

-
For backwards compatibility, the X2, Xn, S1 and N2 interface "Setup" signalling needs to be updated to exchange information on the support level for the RACS feature.

-
To allow for a mix of upgraded and non-upgraded RAN nodes over the X2/Xn interfaces, the UE Capability ID should be included in the Path Switch signalling between MME/AMF and RAN.

-
For backwards compatibility between nodes that support the feature and nodes that do not support the feature, if a peer node is not supporting RACS, the source node attempts to send to the peer node the UE capabilities that map to the UE capability ID. However, owing to message size limits, this may lead to an inter-CN node handover systematically failing, or, requiring the retrieval of the UE capabilities across the target RAN node's radio interface.
-
Information about the filter that was applied by the network when the UE has indicated its radio capability is contained within the UE radio capability itself, as defined in TS 36.331 and TS 38.331.
 ******************************** END CHANGE *********************************

�This change can be removed from this pCR as it is covered in other pCRs
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