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1      Introduction
In RAN2 #95bis meeting, UE capability topic was discussed as a context of LTE-NR interworking and following agreements has been made. 
Agreements

1: RAN2 shall consider the LTE/NR tight interworking (with LTE eNB, NR gNB or eLTE eNB as a master node) for the coordination of capabilities.

2:
 We should aim to minimum the differences between the NR capability reporting across the LTE/NR tight interworking cases (NR gNB as a master node) and the standalone NR gNB case.

3
 At least some band combinations across RATs should be coordinated across the master and the secondary nodes.

4
Layer 2 buffer capabilities should be coordinated across the RATs should be coordinated across the master and the secondary nodes.

5: 
RAN2 aim for a solution where the master node and secondary node are not required to comprehend each others UE configuration.

Agreements:

1: Agree the following principle: the master node and the secondary node only need to use own RAT UE capabilities (which will include some other RAT capabilities relating to the interworking). At least for the initial configuration of interworking case these are provided on the master node RAT or from core network

2: Allow gNB to format NR RRC PDUs for the UE configuration.

Although some basic principle was agreed, it seems that how to coordinate is still FFS. There were some options discussed during RAN2 email discussion. However, it appears difficult to identify which option is beneficial before we understand what UE capabilities will be coordinated and shared. In this document, we discuss the high-level categorization for UE capabilities that may be coordinated for LTE-NR interworking    
2      Capability coordination
The first question would be what UE capabilities will need to be coordinated between LTE and NR for interworking operation.  

In LTE DC discussion, the following capabilities are explicitly coordinated (i.e, capability split is explicitly signalled). 

· Power allocation: regardless of UE capability coordination, uplink transmission power should be coordinated to meet SAR requirement. 
· DL/UL-SCH bits in LTE DC: the peak data rate is mainly based on baseband processing power. it is not yet clear whether it can be shared between LTE and NR operation. For example, for NR, RAN1 agreed to support LDPC for at least >1024 bits. Given that the fundamental architecture between Turbo code and LDPC would be different, the simple division between DL/UL-SCH bits may not be possible. However, if baseband processing resource is shared, the peak data rate may be limited across LTE-NR operation. 
In addition, some capabilities are implicitly coordinated (i.e., capability split is inferred from configuration). 

· Soft channel bits: in LTE DC, explicit coordination is not required because the eNB estimates allowed soft channel bits by using the split of DL/UL-SCH bits between eNBs. In LTE-NR, we expect that soft buffer should be shared to reduce memory requirement. However, similar to DL/UL-SCH bits, it may not be so straightforward if different channel coding scheme is used.  
· Band combinations: There is dependency between LTE and NR frequency if LTE and NR can be supported in the same frequency or frequency spectrums that cause co-existence issue. In LTE DC, the eNB understands the allowed band combination by looking at other eNB’s CA configuration. 
· Layer 2 buffer capability: Layer 2 buffer capabilities across the RATs should be coordinated across the master and the secondary nodes. Similar to LTE DC, if the number of CCs/bandwidth (or other throughput related information) is known, other eNB (gNB) can estimate the remaining L2 buffer size. Otherwise, explicit split is needed. 

Based on above discussion, it is not yet clear what UE capabilities can be shared/coordinated especially in case of RF/Physical layer capabilities.
Observation: it is not yet clear what UE capabilities can be shared/coordinated especially in case of RF/Physical layer capabilities.
Proposal 1: RAN2 postpone on discussion on specific UE capabilities until other WGs provides more details.  

Considering this situation, we should study coordination schemes considering all possibilities as follows. 

· Type A: explicit coordination (i.e, capability split is explicitly signalled) 

· In LTE DC, power allocation (p_MeNB, pSeNB) and DL/UL-SCH bits for SeNB are explicitly limited by MeNB. MeNB provides maximum capability that allowed for SeNB. 
· In LTE DC, MeNB has responsibility to manage overall radio resource and also handover. Therefore, it is reasonable for MeNB to allocate the maximum capability that allowed for SeNB. However, in case of LTE-NR interworking, two nodes may be more independent than LTE DC. And also radio resource management might be also different. In that case, relying on MeNB control on UE capabilities allocation may not be optimized for NR operation. 

· For explicit coordination, eNB/gNB should understand the aggregated UE capabilities or dependency with the other RAT. Depending on how to indicate the aggregated UE capabilities or dependency, UE capability signaling can be increased dramatically, which we should avoid based on LTE experience. 
· Type B: implicit coordination (i.e., capability split is inferred from configuration)
· In LTE DC, soft channel bits, band combinations and Layer 2 buffer capability are implicitly coordinated. MeNB provides own configurations to SeNB so that SeNB know the remaining UE capabilities.
· In LTE-NR interworking, if some configuration needs to be known to gNB (eNB), it can be included in a separated container. Therefore, there is no issue to share own configuration to other node. 
· Similar to explicit coordination, the eNB/gNB should know what is the aggregated UE capabilities or dependency between LTE and NR capabilities.  

· Type C: No coordination

· In LTE DC, all UE capabilities not included in Type A and Type B are considered in this case.  

· If UE capabilities are supported independently for LTE and NR, nothing is needed in the specification. 

· If UE capabilities are shared between LTE and NR but there is no coordination, the UE should take care of UE capability coordination to ensure that aggregated UE capabilities don’t exceed actual UE capabilities. For example, the UE can reject configuration if the combined configuration exceeds UE capabilities. This approach is simple but it cannot be considered as normal operation because it requires multiple times of negotiation phase among LTE eNB, NR gNB and UE, which causes long service interruption in reconfiguration. Instead, we can consider UE capability changes. If eNB configures higher capabilities or UE decides to support higher capabilities on LTE, the UE can decide to reduce UE capabilities in NR side. 
Proposal 2: During study item, all coordination types should be studied. 

Proposal 3: At least Type C should be supported. Whether Type A and/or Type B are supported should be decided once detailed UE capability parameters are identified across WGs.  

3      Conclusion
In this document, we discussed the UE capabilities to be shared between LTE and NR and high-level categorization for UE capabilities that may be coordinated for LTE-NR interworking.

Observation: it is not yet clear what UE capabilities can be shared/coordinated especially in case of RF/Physical layer capabilities.
Proposal 1: RAN2 postpone on discussion on specific UE capabilities until other WGs provides more details.  

Proposal 2: During study item, all coordination types should be studied. 

· Type A: explicit coordination (i.e, capability split is explicitly signalled) 

· Type B: implicit coordination (i.e., capability split is inferred from configuration)
· Type C: No coordination

Proposal 3: At least Type C should be supported. Whether Type A and/or Type B are supported should be decided once detailed UE capability parameters are identified across WGs.  
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