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Discussion and Decision
1      Introduction
In RAN2 January NR adhoc meeting, the following has been agreed. 

Agreements:

1: The UE reports its UE capability at least when the network requests.

2
The gNB can request what capabilities for the UE to report (e.g. similar band and band combination requests in LTE). Details to be finalised in stage 3.

Furthermore, RAN2 chairman suggest to focus some specific use cases that are intended to be addressed. 

=>
Future contributions on this topic should identify some specific use cases that are intended to be addressed. When use cases are acknowledged then more details of the mechanisms can be discussed.

In this contribution, we would like to discuss more some specific use cases that UE initiated capability change can be beneficial. 
2      Use cases
Based on the previous discussion in LTE and NR SI, it is appeared that there could be several use cases that we can resolve with UE initiated capability changes. It is noted that the list of use cases are a preliminary list and thus more use case might be identified or resolved in other way when the detailed UE capability parameters are discussed in NR WI phase.    

Case 1: LTE-NR interworking

In LTE-NR interworking, some UE capabilities can be shared between LTE and NR. However, it may or may not be straightforward to define a common parameter or dependency. For example, HARQ soft buffer size can be shared between LTE and NR to optimize UE memory size. However, considering different channel coding scheme is used, the relationship between TBS and the required soft buffer size would be different between LTE and NR, which may be difficult to define with specified dependency information between LTE and NR although memory is shared. In such case, instead of specifying network based coordination based on dependency information, we can leave it to UE internal coordination. For example, the UE can change maximum soft buffer size in each RAT considering other RAT’s configuration/ assistant information and indicate the change by using UE initiated capability change. 

Observation 1: in LTE-NR interworking, it may not be straightforward to define the sharing of UE capability between LTE and NR. In this case, UE coordination based UE initiated capability change can resolve UE capability conflict between LTE and NR.       

Case 2: co-existence/concurrent operation with WLAN
The mobile device supports both cellular and WLAN connectivity. Especially, cellular connectivity can be supported in unlicensed band that is also used by WLAN. During LAA discussion, there were several discussion regarding co-existence/concurrent operation between LTE and WLAN. One case is when RF chain/hardware is shared between LTE and WLAN. In this case, LAA operation cannot be supported if WLAN is operated although the UE indicates LAA support in UE capability signaling and there is no interference issue. Since UE capability change is not possible when the UE remains attach in LTE, it was considered that IDC mechanism is the only standardized solution. In order to include RF chain/hardware sharing issue, the definition of IDC mechanism has been changed. 
In NR, IDC mechanism can be still reused. However, it may be a cleaner approach if we can consider this issue in the capability signaling framework because it is also related on whether the UE can support LAA operation for a certain duration. In addition, IDC mechanism supports FDM (reconfigure the use of frequencies) or TDM (the use of certain time by using TDM) if IDC problem is expected. Therefore, IDC mechanism can avoid not to use a certain frequency or disable LAA operation. But it is not helpful to resolve processing power conflict where memory or processing may be shared between NR and WLAN because this conflicts can be resolved by reducing the capability of advanced features/data rate.
Observation 2: for co-existence/concurrent operation with other RAT, UE initiated capability change would be generic and efficient way to support RF/hardware/processing power sharing with other RAT. IDC mechanism can be used but it cannot resolve the conflict of processing power/memory allocation.      
Case 3: multiple features are jointly related
In LTE, there are many advanced features that are jointly related in terms of UE capability. 
For example, the support of CA, MIMO and CoMP should be jointly considered due to the limitation of baseband capability as well as RF capability of the UE. In LTE, these capabilities are defined per bandwidth/per band/per band combination. However, due to signaling overhead concern, it is hard to indicate all possible combinations. For example, if the UE supports 5 carriers, 8 layer for one carrier and high CSI process for one carrier, the combination can be at minimum 25 cases per the same band combination and the number of band combination is increasing. 
Another example is measurement gap capability. Currently, the list of frequency band that support measurement gap is included per band combination. This is already a large size of signaling. In Rel-14, RAN2 is working to introduce per CC measurement gap signaling support. In this case, as a simple option, the list of frequency bands would be needed per carrier per band combination. To signal all possible combination will increase UE capability signaling unreasonably. In addition, this information is not sufficient and optimize to the UE power efficiency because the most efficient per CC measurement gap configuration may be different depending on how the serving eNB configures the measurement objects. 

One may think that gNB requests the UE capability signaling based on gNB interested features or upon reconfiguration. This approach is less efficient than UE initiated UE capability reporting because sometimes gNB requested features may or may not require change of UE capabilities. 

Observation 3: when multiple features are jointly related in UE capabilities, the huge signaling overhead is expected to indicate all possible capabilities combination. The UE initiated capability change will reduce capability signaling while it can indicate the support of multiple features fully utilizing UE capabilities. 
Case 4: UE power/thermal managements
As CA in LTE is introduced, UE power consumption significantly increased. In addition, overheating issue was raised in the past if the UE is persistently operated with higher performance configuration. It is assumed that the UE platform is already implemented in power/thermal-optimized way. However, it would be challenging in NR especially considering the high data rate requirement and the number of carriers in NR. If the UE wants to be operated in power efficient mode or to avoid over-heating, one way is to reduce UE capability e.g. reducing the peak data rate or the number of carriers or turning off advanced receiver schemes.    
Observation 4: for UE power/thermal management, the UE initiated capability change would provide a generic and direct way to control UE power/thermal requirement.  
3      Conclusion
Based on discussion in section 2, we identified the following three use cases that requires UE initiated capability change report. 
Observation 1: in LTE-NR interworking, it may not be straightforward to define the sharing of UE capability between LTE and NR. In this case, UE coordination based UE initiated capability change can resolve UE capability conflict between LTE and NR.       
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Observation 2: for co-existence/concurrent operation with other RAT, UE initiated capability change would be generic and efficient way to support RF/hardware/processing power sharing with other RAT. IDC mechanism can be used but it cannot resolve the conflict of processing power/memory allocation.      
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Observation 3: when multiple features are jointly related in UE capabilities, the huge signaling overhead is expected to indicate all possible capabilities combination. The UE initiated capability change will reduce capability signaling while it can indicate the support of multiple features fully utilizing UE capabilities. 


Observation 4: for UE power/thermal management, the UE initiated capability change would provide a generic and direct way to control UE power/thermal requirement.  

Certainly, the list of use cases are a preliminary list for RAN2 discussion and thus more use case might be identified or some of identified use case can be resolved in other way when the detailed UE capability parameters are discussed in NR WI phase. Nevertheless, we believe that these use cases are worthwhile to discuss as use cases that UE initiated capability change reporting is needed.     
Proposal: RAN2 to use at least the following preliminary use cases to continue the details of UE initiated capability change. 
· Case 1: UE based capability coordination in LTE-NR interworking 

· Case 2: co-existence/concurrent operation with other RATs

· Case 3: joint support of advanced features

· Case 4: UE power/thermal management
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