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1. Introduction
In RAN2#98 meeting, to alleviate the UE’s overheating, a specification based solution for eNB to reconfigure (reduced number of activated component carriers, reduced MIMO layer capability, reduced modulation order) was discussed. It was agreed that the solution will be based on, option 3 (Report UE temporary category/capability) or option 4 (Assistance information for parameter re-configuration).
In this contribution, we shall discuss the limitations of option 4.
2.  Assistance Information for parameter Re-configuration (option 4)

Option 4 seems to have the following limitations:

1. Increased overhead and Network load

UEAssistanceInformation containing ue-category and supportedBandCombination will largely be a repetition of the capabilities sent in UECapabilityInformation message. UEAssistanceInformation will increase the overhead and network load whenever the overheat problem is detected and UEAssistanceInformation will be sent to indicate temporary capabilities. A low signaling overhead solution is required to avoid the overhead associated with sending UE and RF capabilities in UEAssistanceInformation. Option 3, proposes an efficient network signaling (low number of bytes) solution where the UE capabilities are not sent often thus reducing the Network load. This is achieved by dividing the UE capabilities in groups in the UECapabilityInformation message and indicating only the capability group in UEAssistanceInformation as depicted in figure 1. This will have minimal impact on network loading as only the capability group will be indicated whenever overheat problem is detected by the UE. 
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 Figure 1:  UE overheat procedure with capability group indication (option 3)

Observation 1:  Increased Network load and overhead with option 4 due to ue-category and supportedBandCombination in UEAssistanceInformation message 
Observation 2:  Option 3 proposes efficient low signaling overhead solution to divide UE capabilities in groups and send only capability group when overheat problem is detected. 
2. Ambiguity due to mismatched categories
Ambiguity due to mismatched categories can happen at MME and eNB for UEs reduced capability reduction and eNB’s acceptance for reduced capabilities. UE during initial call transfer sends the complete set of UE capabilities to eNB which forwards the UE capabilities to MME. To avoid the radio overhead due to large UE Capability message, the MME stores the UE Capability information and send UE Radio Capability information to the E UTRAN . With option 4, when overheat problem is detected and UE sends UEAssistanceInformation message, the eNB will store the temporary UE capabilities whereas the MME will have the complete UE capabilities thus resulting in mismatched categories. If the eNB forwards the temporary UE capability information to MME, UE will have to send the large UEAssistanceInformation message whenever there is a capability change thus increasing the overhead. Redundant capability information will be sent to eNB and MME for every capability change (due to overheat and after overheat problem is resolved).
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Figure 2:  Mismatched UE capability categories at eNB and MME 

Observation 3:  Ambiguity due to mismatched categories at MME and eNB for UEs reduced capability reduction and eNB’s acceptance for reduced capabilities.

3. Mismatch during Handover

Ambiguity due to mismatched categories can happen during handover as UEAssistanceInformation will not be sent by eNB to MME. MME would have the UE capabilities during capability enquiry/response and during handover MME will transfer the radio capability information transferred in the source to target transparent container resulting in capability category mismatch. UE would have to send the temporary capabilities again after the handover to resolve ambiguity due to mismatched category.
Ambiguity due to mismatched categories can happen at MME and eNB for UEs reduced capability reduction and eNB’s acceptance for reduced capabilities.
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Figure 3:  Mismatched UE capability categories during handover 

Observation 4:  Ambiguity due to mismatched categories during handover at MME and eNB for UEs reduced capability reduction and eNB’s acceptance for reduced capabilities.
4. Reliability:

At cell edge, during handover if the UE sends large UEAssistanceInformation with temporary UE capabilities it increases probability of Radio Link Failure getting triggered. This can be resolved by sending only capability group information during handovers instead of the UEAssistanceInformation containing ue-category and supportedBandCombination  .  

Observation 5:  RadioLink failure at cell edge can be triggered if large UEAssistanceInformation is transmitted during handovers.

3. Conclusion
Following are the observations from the above discussion and the conclusion from these observations
Observations:
Observation 1:  Increased Network load and overhead with option 4 due to ue-category and supportedBandCombination in UEAssistanceInformation message 

Observation 2:  Option 3 proposes efficient low signaling overhead solution to divide UE capabilities in groups and send only capability group when overheat problem is detected. 

Observation 3:  Ambiguity due to mismatched categories at MME and eNB for UEs reduced capability reduction and eNB’s acceptance for reduced capabilities.

Observation 4:  Ambiguity due to mismatched categories during handover at MME and eNB for UEs reduced capability reduction and eNB’s acceptance for reduced capabilities.

Observation 5:  RadioLink failure at cell edge can be triggered if large UEAssistanceInformation is transmitted during handovers.

Proposal:  Option 4 increases signaling and network overhead by transmitting large UEAssistanceInformation message which also increases possibility of radio link failure at cell edge. Option 4 is not a reliable and robust mechanism and  ambiguity due to mismatched catgories will occur at MME and eNB due to eNB’s acceptance for reduced capabilities. The above issues can be resolved by sending only capability group information to eNB as proposed in option 3.  
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2.UE capability information  in groups + support temporary UE capability indication 








UE overheating problem detection








3. RRC Connection reconfiguration to configure UE temporary capability report








4.UEAssistanceInformation(temporary capability group)








6. UEAssistanceInformation(capability group)








1.UE capability enquiry (legacy behavior, optional)








UE overheating problem alleviation 








7.RRC Connection reconfiguration (legacy behavior) based on UE original capability








5. RRC Connection reconfiguration based on UE temporary capability 
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