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Abstract of the contribution: Discusses how to handle RACS for NB-IoT UEs.
1. Background
In RACS exception sheet it is captured that the approved CRs in SA#84 do not cover procedures for NB-IOT UEs. Since rel.14 (when inter-RAT procedures were defined in EPS) handling of UE radio capabilities for NB-IOT UEs is special, primarily in order to avoid signalling full set of radio capabilities over NB-IOT RAT which of course has limited bitrate and could struggle to signal LTE and NR radio capabilities. 
The text documented in TS 23.501 [1] clause 5.4.4.1 is: 

If a UE supports both NB-IoT and other RATs the UE handles the UE Radio capability information as follows:

-
When the UE is camping on NB-IoT the UE provides only NB-IoT UE radio capabilities to the network.

-
When the UE is not camping on NB-IoT, the UE provides UE radio capabilities for the RAT but not NB-IoT UE radio capabilities to the network.

In order to handle the distinct UE radio capabilities, the AMF stores a separate NB-IoT specific UE Radio Capability information when the UE provides the UE Radio Capability information while camping on NB-IoT.

When the UE is camping on NB-IoT, the AMF sends, if available, the NB-IoT RAT specific UE Radio Capability information to the E-UTRAN.

When the UE is not camping on NB-IoT, the AMF sends, if available, UE radio capabilities for the RAT but not NB-IoT radio capabilities.

Similar text exists in TS 23.401 [2] clause 5.11.3. The question is how to handle support for RACS for UEs that support NB-IOT, either NB-IOT only or NB-IOT+some other RATs. 
2. Analysis

2.1 NB-IoT only UEs

For NB-IOT only UEs the “baseline” procedures that apply to RACS can be used unmodified. Effectively this means that if the UE supports RACS and is provisioned with UE Radio Capability ID (PLMN or manufacturer assigned) uses it during the Registration procedure in 5GS and Attach/TAU in EPS. Given the stage-3 format of UE Radio Capability ID is not finalised and therefore it is not yet known how many octets it will be, it cannot be said with certainty at this point though whether from signalling perspective it will be beneficial to use RACS for NB-IOT UEs. Nevertheless this can be determined later based on implementation and operator requirements and become optional to support RACS for NB-IOT only UEs.
Proposal 1: Support for RACS is optional for NB-IOT only UEs. 

Proposal 2: If NB-IOT only UEs support RACS, they follow the already defined procedures in TS 23.501 and TS 23.502. 

2.2 UEs supporting NB-IoT and at least one other RAT 

For UEs that support NB-IOT plus some other RAT, e.g. WB-E-UTRA or NR, various options can be considered and analysed for PLMN-assigned UE Radio Capability ID: 

Option 1: UE that supports RACS, supports RACS for all RATs it supports (inc. NB-IOT) and therefore is assigned only one UE Radio Capability ID that applies to all RATs
This effectively means that a UE that supports RACS in NB-IOT, even when it is using NB-IOT RAT it still uses normal RACS procedures and the assigned UE Radio Capability corresponds to all RATs of the UE. Furthermore it means that for such UE it is not necessary to operate special procedures (as those defined in TS 23.501 clause 5.4.4.1 [1]/TS 23.401 clause 5.11.3 [2]) for NB-IOT UEs. A negative consequence of that is that for PLMN-assigned UE Radio Capability ID if the UE is queried for radio capabilities for first time over NB-IOT it will need to provide the full set of UE radio capabilities inc. the ones applied to WB-EUTRA and NR. This can be signalling intensive considering the size of NR and WB-EUTRA radio capabilities. Also there’s currently no support in RRC signalling for the UE to send UE radio capabilities from WB-E-UTRA and NR over NB-IoT, and there’s no support for the UE to send UE radio capabilities for NB-IoT over NR or WB-EUTRA.
Option 2: RACS with PLMN-assigned UE radio capability ID does not apply to NB-IoT.  For NB-IoT UE radio capability storage as usual applies (NB-IoT follows TS 23.501 clause 5.4.4.1 [1]/TS 23.401 clause 5.11.3 [2]).

In this option the UE does not signal NB-IOT radio capabilities over WB-EUTRA and NR and AMF/MME when assigning PLMN-assigned UE Radio Capability ID do not consider as a result NB-IOT. When the UE moves to AMF/MME supporting NB-IOT it ignores the UE Radio Capability ID (but does not remove it from UE MM Context) but triggers the query of radio capabilities for NB-IOT. The AMF/MME store the radio capabilities container for NB-IOT as well and provides it to NB-IOT eNB/ng-eNB when needed. 
Option 3: RACS with PLMN-assigned UE radio capability ID may also apply to NB-IoT.  For NB-IoT a different UE Radio Capability ID is assigned separate from that used for WB-EUTRA and NR.
This means that the procedures defined in TS 23.501 clause 5.4.4.1 [1]/TS 23.401 clause 5.11.3 [2] for NB-IOT UEs still apply but modified. These procedures need to consider the capability of UE to signal “no support” of RACS in NAS UE MM Network Capability/UE Network Capability when it moves from WB-EUTRA/NR TA-list to NB-IOT. It also assumes that that an MME/AMF can store a set of radio capabilities for NB-IOT (when UE does not support RACS in NB-IOT) and UE Radio Capability ID for the same UE that applies to WB-EUTRA and NR. 
Evaluation of the three options: 

As indicated above providing WB-EUTRA and NR radio capabilities over NB-IOT is not supported and  will be cumbersome (for PLMN-assigned UE Radio Capability ID). And vice-versa, providing NB-IOT UE radio capabilities over WB-E-UTRA or NR is not supported either. Since that would required for Option 1, Option 1 has two major drawbacks:

-
Major RRC signalling impact.  

-
Major signalling overhead over NB-IOT to provide WB-E-UTRA and/or NR capabilities.  
Proposal 3: Option 1 shall not be considered for PLMN-assigned UE Radio Capability ID, i.e. as UE cannot provide WB-EUTRA and NR radio capabilities over NB-IOT (in the context of  the assignment of PLMN assigned UE Radio Capability ID). 
Futhermore it is not yet clear whether signalling UE Radio Capability ID will provide any benefits for NB-IOT only radio capabilities and as indicated in proposal 1 and 2 support for RACS should be considered optional for NB-IOT only UEs. The same optionality should apply for devices that support NB-IoT plus any other RAT, for the same reasons. Therefore, it is also possible that UE can support RACS for WB-EUTRA and NR but not for NB-IOT. 
Proposal 4: For PLMN-assigned UE Radio Capability ID the UE can support RACS for WB-EUTRA and NR and not support RACS for NB-IOT. 
When considering support of RACS optional for NB-IOT, Option 2 and Option 3 become complimentary:

-
Option 2 applies when RACS for NB-IOT is not supported in the UE or the network.

-
Option 3 applies when RACS for NB-IOT is supported in the UE and the network.  
In both cases, the handling of RACS for PLMN-Assigned UE radio capability ID is separate for NR/WB-E-UTRAN and for NB-IoT.

AMF/MME that knows that the TAC/TA-list is used for NB-IOT cells, therefore when it queries the UE for radio capabilities and assigns a PLMN-assigned UE Radio Capability it will “mark” this UE Radio Capability ID as specific to NB-IOT only. The UE as well when it moves to WB-EUTRA/NR TA-list it will not provide a UE Radio Capability ID assigned over NB-IOT and will either provide one applicable to WB-EUTRA/NR (previously assigned) or provide nothing. 

Proposal 5: When AMF/MME assigns a PLMN-assigned UE Radio Capability over NB-IOT, this UE Radio Capability is “marked" to apply to NB-IOT only. When the AMF/MME assigns a PLMN-assigned UE Radio Capability over WB-E-UTRA or NR, this UE Radio Capability is “marked” to not apply to NB-IoT.
Proposal 6: UE signals only the PLMN-assigned UE Radio Capability specific to NB-IOT when in NB-IOT TA-list and signals only the PLMN-assigned UE Radio Capability specific to WB-EUTRA and NR when in other TA-lists

When using manufacturer-assigned UE Radio Capability there is no need for signalling actual radio capabilities at any point and therefore is possible the UE to use one UE Radio Capability ID for all RATs including NB-IOT. 
Proposal 7: If the UE supports RACS for both WB-EUTRA/NR and NB-IOT and is assigned a manufacturer-assigned UE Radio Capability ID that applies to all RATs it signals that to the network in all procedures
3. Conclusion
In terms of specification impact this means: 

· UE MM Network Capability/UE Network Capability used for RACS to have three values: 
a. Support for RACS for WB-E-UTRA and NR only

b. Support for RACS for WB-E-UTRA, NR and NB-IoT

c. No support for RACS
· If the UE does support RACS for NB-IOT as well as WB-EUTRA and NR:

a. When queried for radio capabilities from WB-EUTRA or NR the UE provides UE radio capabilities for all RATs but not NB-IoT UE radio capabilities to the network.
i. AMF/MME assigns UE Radio Capability that is used only for WB-EUTRA/NR and not NB-IOT
ii. Such UE Radio Capability ID is marked specific to WB-EUTRA/NR

b. When queried for radio capabilities from NB-IOT the UE provides UE radio capabilities for NB-IOT only to the network

i. AMF/MME assigns UE Radio Capability that is used only for NB-IOT
ii. Such UE Radio Capability ID is marked specific to NB-IOT
· If the UE does not support RACS for NB-IOT the UE does not signal any UE Radio Capability ID in Attach/TAU or Registration procedures. From the UE MM Network Capability/UE Network Capability specific NB-IOT field the AMF/MME can detect that the UE does not support RACS over NB-IOT
a. AMF/MME need to store UE radio capabilities container for NB-IOT separately and mark it as specific to NB-IOT
Related CRs to TS 23.501 and TS 23.401 are provided in S2-1907173 and S2-1907174 respectively.
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