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1      Introduction
Although UE capability signaling is usually discussed in the work item phase based on the specific features, general signaling framework or general structure for NR are worthwhile to study.  
In this document, we take a look at LTE UE capability signaling framework to identify the limitations and propose some study areas for NR.   
2      UE capability signaling
In LTE, the UE provides UE radio access capability information only when the eNB sends UECapabilityEnquiry. After RRC connection is established, the eNB may request UE capability information if MME does not store UE capability information or needs additional UE capability information (e.g. other RAT).
If CP function in NG Core stores the NR radio access capability information, the eNB requested UE capability (i.e. UECapabilityEnquiry) signaling can be reused as a baseline in order to avoid signaling overhead which may cause additional delay in connection establishment. 

Observation 1: if CP function in NG Core can store NR radio access capability information, LTE-like eNB requested UE capability signaling can be reused as a baseline. 
In RRC specification, if the UE has changed its E-UTRAN radio access capabilities, the UE shall request higher layers to initiate the necessary NAS procedures that would result in the update of UE radio access capabilities using in the next RRC connection. However, according to TS23.401, any change in the UE's E‑UTRAN capabilities requires the UE to detach and then re-attach to the system. The UE capability update via Tracking Area Update is supported for GERAN only. It means that the change of UE capabilities is not practically possible especially during continuous RRC connection (i.e. without detach and re-attach) and hence degradation of the user experience. Even in idle mode, frequent UE capabilities update would not be possible because it requires detach and re-attach procedure. 

Observation 2: in LTE, change of LTE UE radio access capabilities is supported by detach and re-attached procedure only. 
In the past, there were some discussion that are related to the update of UE capabilities. 
· Multi-profile UE capabilities [1]: it proposed multi-profiles of UE capabilities and mechanism that the UE indicates, but not approved. It is to consider more optimized co-current operation of multiple features based on UE RF/based band capabilities and NW supported features. For example, CA, MIMO and CoMP support are jointly considered due to the limitation of baseband capability as well as RF capability. LTE UE capability becomes quite long and one of reasons is to indicate supportable combinations for such features per band combination. 
· LTE and WLAN sharing in LAA [2,3]: there was a strong demand to ensure co-existence between LTE and WLAN i.e LAA and WLAN can share the same hardware. In this case, LAA operation cannot be supported if WLAN is operated although the UE indicates LAA support in UE capability signaling. Since UE capability change is not possible when the UE remains attach, IDC mechanism is the only standardized solution but IDC feature should be implemented by both eNB and UE.    
· WLAN address and supported WLAN band change [4]: MAC address and WLAN supported band can be changed. But, there was no way to indicate the change of MAC address and WLAN supported bands in the current mechanism except the UE performing detach and re-attach procedure.    
Observation 3: in LTE, several issues were observed due to the fact that the UE capability change is not allowed when the UE remains attach.   
Proposal 1: RAN agree that UE capability signaling framework in NR should support flexible change of UE capabilities considering e.g. concurrent features or other RATs sharing the same baseband and/or RF. 
In the beginning of LTE discussion, it was proposed to introduce more dynamic UE capability transfer [5] in addition to the semi-static UE capability transfer same as in the current LTE mechanism, but it was not specified. However, in NR, the need of change in UE capability signaling framework is more expected. First, different from Rel-8 LTE, advanced features (e.g. CA, MIMO and CoMP) will be supported as a basic functionality. Second, more flexible capability sharing among multiple RATs will be more required considering tight inter-working operation between LTE and NR as well as NR and WLAN. Therefore, it is worthwhile to study how the UE can indicate such flexible UE capabilities to the eNB. 
One option would be to allow NR UE to perform “Tracking Area Update” for "UE radio capability update" assuming Tracking area update is supported in NR. If “UE radio capability update” is included in Tracking Area Update signaling, this makes MME delete any UE Radio Capability information that it has stored, which will ultimately trigger the E‑UTRAN to request the UE Radio Capability from the UE and to upload it to the MME in the S1 interface. It would be a small change on top of the LTE UE capability signaling mechanism. However, it may not be so optimal solution because it still does not allow UE to change UE capabilities while the UE is connected to the eNB i.e. after RRC connection established because MME will not notify eNB that the UE capability information is removed. It can be known to eNB only when the next RRC connection establishment is initiated  
Observation 4: allowing UE capability update via Tracking Area update can be used in idle mode UE, however, it would require signaling overhead because the UE needs to provide full capabilities due to the fact that MME just delete UE capability container. 

Observation 5: UE capability update via Tracking Area update cannot be used to indicate UE capability update while the UE is connected to the eNB because MME does not indicate removing UE capability information at MME side in the middle of connection. 
As summarized above, in some cases, the UE capability may need to change while the UE is already connected depending on eNB configured features. Furthermore, it requires unnecessary signaling for Tracking Area Update and it may discourage the UE to report the update of UE capabilities more dynamically. Therefore, it would be desirable to consider mechanism that the UE can report the change of UE capabilities more dynamically even in the connected mode.  
Proposal 2: RAN2 agree that NR UE capability signaling framework should support the UE to report the update of UE capabilities in the connect mode. 
3      Conclusion
In this contribution, we discussed the limitation of LTE UE capability framework and proposed some enhancements for NR as summarized below. 
Observation 1: if CP function in NG Core can store NR radio access capability information, LTE-like eNB requested UE capability signaling can be reused as a baseline. 
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Observation 2: in LTE, change of LTE UE radio access capabilities is supported by detach and re-attached procedure only. 
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Observation 3: in LTE, several issues were observed due to the fact that the UE capability change is not allowed when the UE remains attach.   
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Observation 4: allowing UE capability update via Tracking Area update can be used in idle mode UE, however, it would require signaling overhead because the UE needs to provide full capabilities due to the fact that MME just delete UE capability container. 
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Observation 5: UE capability update via Tracking Area update cannot be used to indicate UE capability update while the UE is connected to the eNB because MME does not indicate removing UE capability information at MME side in the middle of connection. 
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Proposal 1: RAN agree that UE capability signaling framework in NR should support flexible change of UE capabilities considering e.g. concurrent features or other RATs sharing the same baseband and/or RF. 
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Proposal 2: RAN2 agree that NR UE capability signaling framework should support the UE to report the update of UE capabilities in the connect mode. 


References
[1] RP‑150184
New WI proposal: Multi-Profile UE E-UTRA capability
Qualcomm Incorporated
[2] TR 36.889, “Feasibility Study on Licensed-Assisted Access to Unlicensed Spectrum”

[3] R2-161325, “IDC support in LAA”, Intel Corporation, BlackBerry

[4] R2-162452,
 “Update of WLAN MAC address and supported WLAN bands”,
Intel Corporation
[5] R2-071211,
 “Framework for UE capability handling in LTE”, QUALCOMM Europe
3

