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1      Introduction
In RAN2 NR June Adhoc, the following has been agreed regarding UE capability coordination in EN-DC. 
Agreements:

1:
In case of NE-DC, for each NR BC in the UE capabilities at least the possible LTE frequency bands that can operate with this NR BC should be visible to the NR MN.

2:
For MR-DC, capability signalling and coordination will support shared baseband capabilities between LTE and NR. The exact capabilities for coordination should FFS and dependent on RAN1/4 discussion.

3:
RAN2 continues to work on capability coordination not requiring MN and SN comprehend each other’s UE configuration (e.g. the index based coordination).

4:
For the index-based coordination, the following open issues need to be resolved:

-
How can the LTE/NR MN learn the possible NR/LTE frequency bands that can operate with LTE/NR BC? (e.g. For each index there is a frequency list of the NR/LTE frequency bands that can be understood by the MN, frequency part is visible to both MN and SN)

-
How to address baseband capability dependency between LTE and NR (Proposal 4)? (Depends on outcome of RAN1/4 discussion)

-
How can the MN/SN decide MCG/SCG configuration if LTE-NR band combination is defined within the same frequency band?

-
If the above issues cannot be resolved then the fallback will be to use the LTE baseline.

In this contribution, we will discuss how index based capability coordination is defined in terms of UE capability signaling structure and coordination procedure. 
2      Signaling structure for Index-based approach
NSA capability combination:

In index-based approach, UE capabilities to be coordinated between LTE and NR are indicated by using index. In the beginning of capability coordination, frequency band combinations are labelled by index in each RAT separately and the dependency is indicated with supported LTE index and NR index combination. However, band combination is not the only capability that MN-SN should coordinate. As questioned in the RAN2 agreements above, baseband capability dependency between LTE and NR is also dependant on the NSA band combination and should be also indicated in this NSA capability combination. Therefore, in order to indicate dependency of multiple UE capabilities by using indexing, it is required to define multiple capabilities as one combination that can be identified with one index. 

Proposal 1: Multiple capabilities that are coordinated between LTE and NR are grouped and identified with one index. 
This NSA capability combination includes UE capabilities that are affected by NSA. Therefore, it should be different from LTE Band combination/NR band combination which defines UE capabilities in standalone mode. 

Proposal 2: NSA capability combination should be separately defined from bandcombination signalling used in standalone. 

The contents of a NSA capability combination
There could be multiple UE capabilities that can be dependent on both RAT capabilities such as supported frequency bands, DL/UL category, and bandwidth. Especially, the exact information of LTE/NR CA band combination in a NSA configuration, should be important to indicate in conjunction with frequency bands information. The reason is because this CA information is key parameter to dimension the remaining processing capabilities and should be coordinated with other RAT. In addition, this CA information can resolve the issue of how the MN/SN shall coordinate MCG/SCG configuration if LTE-NR band combination is defined within the same frequency bands.  
Therefore, we think that each combination should be equivalent to a LTE/NR CA band combination by including frequency bands, number of CA and bandwidth information of each LTE/NR CA band combination respectively. 
Proposal 3: Each NSA capability combination represents one specific CA band combination which includes frequency bands, number of carriers and bandwidth information. 

Each NSA capability combination should also be able to include UE capabilities affected by LTE-NR operation. MIMO layer seems the one of candidates. For other UE capabilities, RAN2 should get information from RAN1/RAN4. 
Proposal 4: Each combination can include UE capabilities affected by LTE-NR operation. 

Proposal 5: RAN2 should ask RAN1/4 for the UE capabilities that should be defined per LTE-NR DC band combination. 

Relationship between LTE/NR CA band combination in SA and NSA capability combination: 
It would be possible that the combination contains capability information affected by NSA operation directly and explicitly. However, we can reuse band combination information in SA (i.e. LTE band combination and NR band combination in each LTE and NR capability) by defining index to each LTE BC assuming that each NSA capability combination is equivalent to a band combination as proposed above. 
If we link a NSA capability combination to the corresponding CA BC information, frequency bands/#of CCs/bandwidth/MIMO layer information can be skipped if we use existing CA BC information. Since the NSA capability combination is proposed to contain the capabilities that are affected by EN-DC, i.e, the UE capabilities that are different between NSA and LTE(or NR) SA, skipping this information can imply that that these capabilities are the same as the ones reported in each RAT for SA mode. If RF/processing power is not shared, it is likely that the UE capabilities should be same for the same CA band combination in each RAT. On the contrary, if RF/processing power is shared between LTE and NR, UE capabilities would be different in NSA and SA mode. In that sense, this approach can provide flexibility for resource sharing while having means to reduce signalling overhead by avoiding duplication of signalling. 
Proposal 6: NSA capability combination include existing CA band combination by using index. UE capability in NSA capability combination is not included, the corresponding capability is the same between NSA and SA operation.  
Dependency matrix for LTE-NR DC band combination

Once multiple combinations are decided to indicate different NSA capability combination, each combination should include the supported NSA capability combination of the other RAT.  
For example, in each LTE NSA capability combination, we can include the set of index of NR NSA capability combinations. 
Proposal 7: In each NSA capability combination, other RAT’s supported NSA capability combination index is included. 
Based on proposals above, the following shows an example of ASN.1 signaling structure in LTE side.  

BandCombinationParameters-r15 ::=
SEQUENCE {

bc-Index

INTEGER (1.. maxBandComb),


…
}
NSA-CombParameters-r15 ::=
SEQUENCE {

LTE-NSA-CombIndex




INTEGER (1.. maxNSA-Comb)



NR-NSA-CombIndex


INTEGER (1.. maxNSA-Comb),



bc-Index






INTEGER (1.. maxBandComb)

OPTIONAL,

//example of additional UE capabilities for NSA capability combination

bandParametersUL-r13



BandParametersUL-r13



OPTIONAL,


bandParametersDL-r13



BandParametersDL-r13



OPTIONAL,


supportedCSI-Proc-r13


ENUMERATED {n1, n3, n4}


OPTIONAL,


….
}

The following figure shows overall structure for band combination parameter and NSA capability combination in LTE and NR respectively. 
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3      Conclusion

Based on the discussion, we propose the following points to define details of index based capability coordination. 
Proposal 1: Multiple capabilities that are coordinated between LTE and NR are grouped and identified with one index. 


 REF pro2 \h 

Proposal 2: NSA capability combination should be separately defined from bandcombination signalling used in standalone. 



 REF pro3 \h 

Proposal 3: Each NSA capability combination represents one specific CA band combination which includes frequency bands, number of carriers and bandwidth information. 



 REF pro4 \h 

Proposal 4: Each combination can include UE capabilities affected by LTE-NR operation. 



 REF pro5 \h 

Proposal 5: RAN2 should ask RAN1/4 for the UE capabilities that should be defined per LTE-NR DC band combination. 



 REF pro6 \h 

Proposal 6: NSA capability combination include existing CA band combination by using index. UE capability in NSA capability combination is not included, the corresponding capability is the same between NSA and SA operation.  



 REF pro7 \h 

Proposal 7: In each NSA capability combination, other RAT’s supported NSA capability combination index is included. 
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