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1
Introduction

RAN3 received an LS from RAN2 in [1] on Xn/X2 impact for UE Radio Capability ID signalling.

This contribution first summarises the aim of the related specification work, current SA2 status und suggests an answer to the RAN2 question.
2
Discussion

2.1
RAN WI content [RP-191088]
The work is expected to proceed as follows:

-
Specify the mechanism to optimize the UE Radio Capability signaling using UE capability identity (in coordination with SA2); [RAN2, RAN3];

-
Signalling enhancements to be specified for both E-UTRA and NR;

-
After initial discussion of UE capability identify, whether simple delta signalling for the UE capability identity is specified will be concluded as part of the work;

-
RAN2 to specify the mechanism for the segmentation of UE Radio Capability signaling at RRC (for cases when the UE capability size exceeds the maximum PDCP SDU size).

The work encompasses both 5GS and EPS.  Work will be done in collaboration with SA WGs for the related system architectural aspects and CT WGs for the CN interfaces.

2.2
Rel-16 UE Radio Capability handling improvement
UE Radio Capability information is of a constantly increasing size and as a first step towards limiting the amount of information exchanged on the Uu interface, per UE’s capability information is stored in CN and can be retrieved by the RAN in order to avoid retrieval at every connection establishment.

However, this was regarded to still require too much signalling on network interfaces and the Uu interface and in RAN nodes respective processing resources to interpret the UE Radio Capability Information. It can be assumed that within a PLMN there is only a reduced set of different capability information exchange in a majority of cases.

So, the basic idea is to associate a Capability ID with a set of UE capabilities and ideally only exchange the Capability ID via respective interfaces. This requires that the RAN node that actually processes the capability information is aware of the actual capability information the UE Capability ID refers to.

Observation 1:
Signalling UE Capability ID aims at reducing the size of information exchanged on network interfaces and Uu and reduces the processing effort in RAN nodes to parse and interpret the UE Radio Capability Information’s content.

2.3
SA2 status of work

23.401 and 23.501 already contains substantial specification text for UE Capability ID handling:
UE Radio Capability identity

As specified in 23.401 §5.2.7 and 23.501 §5.9.10, the UE Radio Capability ID is a reference used to uniquely identify a set of UE Radio Capabilities. The format of the UE Radio Capability ID is defined in 23.003 (still containing FFSs) and is either manufacturer or PLMN assigned. PLMN assigned IDs are only valid in the assigning PLMN and allocated by the UCMF, which holds dictionary entries for both PLMN and manufacturer assigned IDs. The UCMF in EPS is connected to the MME, in 5GS an AMF may be subscribed to an UCMF.

UE Radio Capability Signalling (RACS) optimisation in EPS and 5GS

-
RACS does not apply to NB-IoT.

-
E-UTRAN and NG-RAN nodes, MMEs and AMFs store locally a mapping between the UE Radio Capability ID and the actual set of UE Radio Capabilities at least for the UEs it serves. Those network entities are able to retrieve and store the mapping.

-
E-UTRAN nodes and NG-RAN nodes, if necessary, query the radio capability mapping from the MME respectively from the AMF using S1 respectively NG-C signalling.

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

-
Between RAN nodes and RAN and CN, support of the RACS feature shall be detectable. SA2 specifications specify the usage of Setup procedures. (Note: this needs to be determined whether other means are possible (e.g. criticality of IEs, OAM).

-
To cope with source RAN nodes not supporting RACS, the target RAN node receives RACS related information either at path switch or via S1/NG based HO from the CN node.

-
On NAS level, a UE provides supports of RACS and, if available, a capability ID to the network at Attach and TAU.
-
The serving CN stores the capability ID and provides it to the RAN at UE Context Setup. At most one capability ID is stored for a UE in CN and RAN.

-
It is possible for a UE to change the set of UE Radio Capabilities and the associated ID, which needs signalling to the network.

What about UE capability filtering?
The E-UTRAN may apply RRC filtering of UE radio capabilities when it retrieves the UE Radio Capabilities information from the UE as defined in TS 36.331/38.331.

23.401/23.501 specifies that UE Radio Capability information exchanged within a System should be PLMN wide (Note: Stage 2 does not explicate NG-RAN/E-UTRAN sharing, but it is assumed that in this case the Capability ID represents a superset of PLMN specific capabilities and operators co-ordinate Capability ID allocation.). This avoids re-requesting UE capability information at inter-RAN node mobility. Stage 2 suggests dealing with UE capability information with an as-wide-as-necessary scope.

Our understanding is that there is no intention to introduce specific signalling supporting too narrow filters, neither in SA2 nor in RAN2 discussions.

Observation 2:
UE Capability ID exchanged on network interfaces represent UE Radio Capability with at least a scope wide enough to cope with a UE’s expected mobility.
UE capability handling for NB-IoT
For UEs supporting NB-IoT and other RATs, since there is no support for RACS in NB-IoT, the CN nodes store both, NB-IoT and non-NB-IoT related capabilities. Change between these RATs is always performed via TAU/Attach, so it is possible to provide the network with distinguished UE capability information.
Observation 3:
No specific handling is needed for handling of NG-IoT in RAN3.
2.4
RAN2 LS in R2-1914023.

RAN2 asks whether the UE Capability ID should be sent within RRC inter-node messages or explicitly as X2/Xn information elements.

So far, RAN3 always followed to principle to include explicit information on RAN interfaces if the information is associated to respective Application Part functionality.

As it is planned to introduce in S1/NGAP e.g. an explicit query of mapping information between UE Capability ID and the respective (set of) UE radio access capabilities, it is proposed to introduce such information as explicit X2/Xn information elements.

Proposal 4:
Reply to RAN2 that RAN3 decided to include the UE Capability ID as explicit Xn/X2 information elements.

Side-note: SA2 specified to provide the UE Capability ID at S1/NG HO from the (T-)AMF/MME to the target RAN node to e.g. support non-homogenous deployment of RACS capable RAN nodes, so there is no need to include the information in any source-to-target transparent container.

2.5 
Outlining RAN3 work 

Several aspects have to be discussed in RAN3:

2.5.1
S1/NGAP: Dealing with the new UE Capability IE in addition to the existing UE Radio Capability IE in the Initial Context Setup Request message

Currently, the CN, if available, provides the stored UE Radio Capability to the RAN at Initial Context Setup. If the CN has a UE Capability ID stored in the UE context and the RAN supports RACS, it provides the UE Capability ID.

Note: 
Section 2.5.3 below discusses the cases on how the RAN and the CN knows that RACS is supported in the peer node. It has to be guaranteed, that the RAN can process the new Capability ID.
It is assumed that at least for PLMN assigned UE Capability IDs and for unknown manufacturer assigned IDs the UE has to provide the corresponding UE Radio Capability information to the network via RRC signalling. The RAN would provide this information to the CN via existing S1/NGAP means (UE (Radio) Capability Information Indication).

Proposal 5:
Include the UE Capability ID in the S1/NGAP Initial UE Context Request message.
2.5.2
S1/NGAP: RAN Request for mapping information between the UE Radio Capability IE and the UE Capability ID.
It might be possible, that the RAN doesn’t have a local cache of the respective mapping between ID and Radio Capability information and would need to retrieve that information from the CN. This would require a new RAN initiated procedure in S1AP and NGAP: The RAN would provide the UE Capability ID and receive the UE Radio Capability Information as stored in the CN.
Proposal 6:
Introduce a new RAN initiated S1/NGAP procedure retrieve the UE Radio Capability Information from the CN upon providing the UE Capability ID.
2.5.3
S1/NGAP: CN Indication of UE Capability ID if not included at Initial Context Setup.
It is possible, at initial UE Registration, that for PLMN assigned UE Capability IDs mapping between the UE Radio Capabilities and a UE Capability ID has not yet taken place, i.e. the 5GC does not have any ID assigned yet for the reported set of UE Radio Capabilities.
The UE would provide its Radio Capabilities after UE Context setup. Then the CN would need to signal the UE Capability ID to the RAN. This can be done within the UE Context Modification procedure.

Proposal 7:
Include the UE Capability ID in the S1/NGAP UE Context Modification Request message.

2.5.4
S1/NGAP: Mutual knowledge of RAN/CN support of RACS
If the RAN node did not implement the feature, the CN should know this, as not receiving the UE Radio Capability IE would trigger the RAN node to retrieve the UE Radio Capabilities, which is worse than the pre-Rel-16 situation. The following possibilities are conceivable:

a.
OAM configuration

b.
defining the new UE Capability ID IE with criticality “reject”

c.
exchange of RAN/CN support of RACS at S1/NG Setup.



Traditionally we have avoided to exchange support of features during interface setup, so we proposed to rule out c. This leaves us with deciding between a and b.

If the CN has not implemented the feature, the RAN node would not receive the UE Capability ID IE but the whole UE Radio Capability IE in the Initial Context Setup message.

Proposal 8:
Discuss whether to introduce the new UE Capability ID IE with criticality “reject” in S1/NGAP or rely on (mutual) OAM configuration for the RAN/CN support of RACS.

2.5.5
S1/NGAP: Support of handover in non-homogenous deployment of RACS
X2/Xn mobility: SA2 specifies that during path switch, the UE Capability ID IE shall be provided to the CN to allow to decide whether the UE Capability ID needs to be provided to the RAN node.

S1/NG mobility: SA2 specifies that at Handover Resource Allocation, the CN shall provide the UE Capability Information to the target RAN node. If this is always the case, then there is no need to include UE Capability information in the transparent container.

Proposal 9:
Include the UE Capability ID IE in the Path Switch Request Acknowledge and the Handover Request message. There seems to be no need to include the UE Capability IE in any of the transparent container for handover.
2.5.6
HandoverPreparation(Information) inter-node RRC message contains UE Radio Capabilities
It may have been realised that the HandoverPreparation(Information) inter-node RRC message contains UE Radio Capabilities. As there is no intention to change this message or to define a RACS-variant of that message, it cannot be avoided that redundant information is provided during handover, so reduction of signalling load via network interfaces may not work in case of mobility.

In any case, providing the UE Capability ID allows the receiving node to skip parsing and processing through the UE Radio Capability Information.

If the receiving RAN node does not support RACS, it can use the UE Radio Capability information contained in the HandoverPreparation(Information) inter-node RRC message.

Observation 10:
Providing redundant information during handover (the UE Capability ID and UE Radio Capability information) cannot be avoided. If the UE Capability ID is unknown, the target RAN node  retrieves mapping information from the CN.
2.5.7
X2/XnAP RACS and MR-DC
Currently the ue-CapabilityInfo is mandatory at SN Addition. The same statements as for the handover can be given for MR-DC: signalling. So, it is proposed to provide to the SN the UE Capability Information during SN Addition.
Observation 11:
Providing redundant information during SN Addition (the UE Capability ID and UE Radio Capability information) cannot be avoided. The secondary RAN node retrieves mapping information form the CN if the UE Capability ID is unknown.
Proposal 12:
Provide the UE Capability ID to the SN during X2/Xn SN Addition, if available.
2.5.8
UE Context retrieval for RRC_INACTIVE / Resume

The serving RAN node provides the HandoverPreparation(Information) within the Retrieve UE Context Response message to the new RAN node. Analogous to handover, the new RAN node should receive the UE Capability ID, if available at the serving RAN node. Path Switch may provide the UE Capability ID to the new RAN node in case of non-homogenous deployment scenarios.
Proposal 13:
Provide the UE Capability ID to the new serving node during X2/Xn Retrieve UE Context, if available.
2.5.9
X2/Xn: Mutual knowledge of RAN node support of RACS
If the target RAN node does not support RACS and is allowed to “ignore” the included UE Capability ID IE sufficient capabiltiy information would be included in the respective inter-node RRC message. In a subsequent HO towards a RACS supporting RAN node, i.e. if the source RAN node does not support RACS, the target RAN node would receive the Capability in a HO related S1/NG message.

There is no need to include RACS support in any of the X2/Xn messages, if a RAN node supports RACS, it includes it in the relevant mobility/DC messages.

Proposal 14:
There is no need of RAN nodes to mutually know their support of RACS. The UE Capability ID IE can be included with criticality “ignore”.

3
Conclusion and Proposals
This summarises the observations and proposals:
Observation 1:
Signalling UE Capability ID aims at reducing the size of information exchanged on network interfaces and Uu and reduces the processing effort in RAN nodes to parse and interpret the UE Radio Capability Information’s content.

Observation 2:
UE Capability ID exchanged on network interfaces represent UE Radio Capability with at least a scope wide enough to cope with a UE’s expected mobility.
Observation 3:
No specific handling is needed for handling of NG-IoT in RAN3.
Proposal 4:
Reply to RAN2 that RAN3 decided to include the UE Capability ID as explicit Xn/X2 information elements.

Proposal 5:
Include the UE Capability ID in the S1/NGAP Initial UE Context Request message. .

Proposal 6:
Introduce a new RAN initiated S1/NGAP procedure retrieve the UE Radio Capability Information from the CN upon providing the UE Capability ID.

Proposal 7:
Include the UE Capability ID in the S1/NGAP UE Context Modification Request message.

Proposal 8:
Discuss whether to introduce the new UE Capability ID IE with criticality “reject” in S1/NGAP or rely on (mutual) OAM configuration for the RAN/CN support of RACS.

Proposal 9:
Include the UE Capability ID IE in the Path Switch Request Acknowledge and the Handover Request message. There seems to be no need to include the UE Capability IE in any of the transparent container for handover.
Observation 10:
Providing redundant information during handover (the UE Capability ID and UE Radio Capability information) cannot be avoided. If the UE Capability ID is unknown, the target RAN node  retrieves mapping information from the CN.
Observation 11:
Providing redundant information during SN Addition (the UE Capability ID and UE Radio Capability information) cannot be avoided. The secondary RAN node retrieves mapping information form the CN if the UE Capability ID is unknown.
Proposal 12:
Provide the UE Capability ID to the SN during X2/Xn SN Addition, if available.
Proposal 13:
Provide the UE Capability ID to the new serving node during X2/Xn Retrieve UE Context, if available.
Proposal 14:
There is no need of RAN nodes to mutually know their support of RACS. The UE Capability ID IE can be included with criticality “ignore”.

Final Proposal:  It is also proposed to endorse [2]-[5] as baseline for further discussions.
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