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1. Introduction

The UE Radio Capability for Paging IE is provided by the AMF to the RAN as part of the NGAP PAGING message and may also be provided to the paging RAN node by the anchor as part of the XnAP RAN PAGING message. However, it is noted that the anchor may not always have this information, and a simple solution is proposed for this issue.
2. Discussion
2.1 Background

The UE Radio Capability for Paging (URCP) IE is provided by the AMF to the RAN as part of the NGAP PAGING message and may also be provided to the paging RAN node by the anchor as part of the XnAP RAN PAGING message.

Observation 1: The UE Radio Capability for Paging IE can be included in both CN and RAN paging messages.

The IE contains the RRC UERadioPagingInformation message, or equivalent IEs for E-UTRA / NB-IOT. In NR, this includes the supported bands by the UE, and in E-UTRA this includes the same information plus in addition other aspects, for example UE’s support of CE mode A and/or mode B, M1/M2 category, UE’s support of GWUS, etc. It is also possible that additional parameters may be added in the future (either in NR or E-UTRA).
It should be noted that the information contained in this IE may be used by the paging node irrespective of CN or RAN paging (e.g. in order to select appropriate cells for paging);  for example if the RNA in inactive is set to the tracking area, it is useful to avoid paging in cells that the UE cannot camp on). For E-UTRA, the information may be required for the UE to be reachable (e.g. whether the UE supports mode A and/or mode B, whether UE is cat M1/M2, etc.).
Observation 2: Information in the UE Radio Capability for Paging IE can be used by the paging node regardless of CN or RAN paging and is essential in some cases (e.g. CE support and cat M1/M2 information).

 2.2 Availability of the information in the RAN
We now consider when and whether the contents of the URCP are available in the NG-RAN (or the IE itself). A summary of the relevant aspects is shown in the Appendix, and here we need only discuss the high-level conclusions.
One first aspect to note is that the URCP can already be sent to the RAN at Initial Context Setup. The rationale for this is more related to the need to build up the IE in the AMF to include information for different RATs (i.e., the RAN can check what information is available at the AMF and overwrite it if needed). However, this can be used in the RAN for RAN paging if required.

Observation 3: The UE Radio Capability for Paging IE may be available in the first RAN node (of a connected mode period).

For NR, the information needed to create the URCP at RAN paging can currently be extracted from the UE capabilities. However, this implies that 

· Each gNB that initiates RAN paging needs to process the UE capabilities to create the RAN PAGING messages, if it wants to add the UE Radio Capability for Paging IE at RAN paging

· This information is not part of the UE context, so extraction may need to be done at further instances of RAN paging in the same gNB, and certainly in new gNBs (after mobility)

· The current process is not future proof, since addition of paging related information not contained in the UE-CapabilityRAT-ContainerList would create an issue (information cannot be extracted anymore)
For E-UTRA, the information needed to create the URCP at RAN paging can partly be extracted from the UE capabilities. Therefore, in addition to the issues mentioned above, already it is not possible to construct fully the URCP after mobility actions, and additionally the structure is such that extra information may be added in the future that may also not be contained in the UE-CapabilityRAT-ContainerList.
Therefore, we can make the following observations:

Observation 4: For RAN paging, whether it is possible to recreate the UE Radio Capability for Paging IE in the RAN (from the UE capabilities) depends on the RAT; however even if possible, such dependency does not seem future proof.
Observation 5: It seems inefficient to force the RAN node to extract the information to recreate the UE Radio Capability for Paging IE at every instance of RAN paging.

2.3 Improving robustness and efficiency

From above, we can see that, first it is not guaranteed that the URCP is always provided to the RAN at context setup, and second, that even if it is, it is not passed at handover, and so any subsequent RAN nodes may need to reconstruct the information. Again, we note that, for eMTC UEs, this is not an optional feature, hence the RAN node will always need at least to have some logic to handle the extraction (or to decide if the extraction is needed).
Observation 6: Since in some cases the information in the UE Radio Capability for Paging IE is essential to page the UE, an ng-eNB would always need at least to check whether the information is needed in RAN paging. 

Therefore, it seems more efficient to find a way to ensure that the URCP can be optionally available in the UE context in all scenarios. 
Proposal 1: Support means to ensure that it is possible to provide the UE Radio Capability for Paging IE to a RAN node for use in RAN Paging, without relying on extraction from UE capabilities.

There are different options for this e.g.:
Option 1: Add the URCP to all context moving procedures in Xn, making use of the fact that this is already supported in NGAP.

Option 2: Add the URCP to mobility messages in NG (e.g. HANDOVER REQUEST, PATH SWITCH REQUEST ACKNOWLEDGMENT).

Option 3: Add the URCP to the Core Network Assistance Information for RRC INACTIVE IE.

All three options are possible, but since the issue relates to operation of RRC_INACTIVE, it seems logical to take the path of option 3. This happens to also be the least standards impacting option. A CR is provided [1] that implements this option, but RAN3 can consider these (and/or other options) further.
Proposal 2: RAN3 to consider and decide on the best way to implement the proposed functionality; a CR that adds the UE Radio Capability for Paging IE to the Core Network Assistance Information for RRC INACTIVE IE is provided for consideration in [1].
3. Conclusions
The following observations have been made in this document:
Observation 1: The UE Radio Capability for Paging IE can be included in both CN and RAN paging messages.

Observation 2: Information in the UE Radio Capability for Paging IE can be used by the paging node regardless of CN or RAN paging and is essential in some cases (e.g. CE support and cat M1/M2 information).

Observation 3: The UE Radio Capability for Paging IE may be available in the first RAN node (of a connected mode period).

Observation 4: For RAN paging, whether it is possible to recreate the UE Radio Capability for Paging IE in the RAN (from the UE capabilities) depends on the RAT; however even if possible, such dependency does not seem future proof.

Observation 5: It seems inefficient to force the RAN node to extract the information to recreate the UE Radio Capability for Paging IE at every instance of RAN paging.

Observation 6: Since in some cases the information in the UE Radio Capability for Paging IE is essential to page the UE, an ng-eNB would always need at least to check whether the information is needed in RAN paging.
From which the following proposals result:

Proposal 1: Support means to ensure that it is possible to provide the UE Radio Capability for Paging IE to a RAN node for use in RAN Paging, without relying on extraction from UE capabilities.
Proposal 2: RAN3 to consider and decide on the best way to implement the proposed functionality; a CR that adds the UE Radio Capability for Paging IE to the Core Network Assistance Information for RRC INACTIVE IE is provided for consideration in [1].
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5. Annex

5.1 NR 

Figure 5-1 below depicts the flow of information in the case of NR (38.331) IEs. The IEs shown do not refer directly to NGAP/Xn, but to the underlying RRC IEs, and whether these are signalled separately or jointly.
The item to highlight is that although the UERadioPagingInformation is not explicitly passed during mobility to a new RAN node (and whether it is provided at Initial Context Setup or not, it can be derived by the RAN node from the information present in the UE-Capability-RAT-ContainerList). Hence for NR the argument for providing the UERadioPagingInformation during handover would be mainly to reduce the burden on the gNB at RAN paging (i.e. to extract and construct the UE Radio Capability for Paging IE). 
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Fig.5-1: Flow of capability information for NR in NG-RAN
5.2 E-UTRA
Figure 5-2 below depicts the equivalent flow for E-UTRA. A major difference is that when the UE uploads its capabilities, this message is already structured to include the UE-RadioPagingInfo, so that the RAN node does not need to derive this from the general capability RAT container. This also means that the IE may contain information that is not available in this container.
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Fig.5-2: Flow of capability information for E-UTRA in NG-RAN
