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1 Introduction
In last RAN2 meeting, the following agreements were agreed:

	1:
NR Capability is defined as the UE capability container for NR to include all NR specific capabilities required for the standalone operation. 

1a:
The capabilities for CA/DC within NR are reported, if supported, in the NR Capability. 

FFS Whether LTE/NR DC specific capabilities requiring coordination between eNB and gNB are included in NR-Capability or LTE Capability or a new LTE/NR-Capability container.
3:
The eNB/gNB should be able to retrieve NR Capability, LTE/NR-Capability (if agreed) and LTE-Capability depending on the NSA/SA operations.
4:
In case of LTE-NR DC/MC, the master node should be able to forward LTE/NR-Capability (if agreed) and the secondary RAT specific capability (NR-Capability or EUTRA-Capability) to the secondary node within “SCG-ConfigInfo” (The IE name for LTE-NR DC/MC is TBD). 


This contribution gives our understanding on the IWK capability design and the capability container.
2 Discussion
2.1 IWK capability design
Following is the description in the 38.804 TR (i.e. section 5.2.2.1). 
	For a UE supporting both LTE and NR, the UE reports its capability information for both LTE and NR respectively, which are independent with each other. In other words, a node of one RAT needs not to look at and not to use the capabilities of the other RAT. In case where the secondary node is NR, gNB can format NR RRC PDUs for the UE configuration. Nonetheless, this principle does not preclude that the capabilities of one RAT might contain some information related to the other RAT, e.g. at least inter-RAT measurement capabilities.


According to the guideline indicated in NR SI, we should decouple the NR and LTE capability as much as possible and avoid the tight coupling. 
Observation 1: IWK capability should be designed in loose-coupled way to NR specific and LTE specific capability as much as possible. 
But it is the IWK capability, it have to be some combined information visible to both LTE and NR. To achieve the loose-coupled style, the capability which does not impact RAT’s configuration should be invisible to this RAT. 

Observation 2: The capability not impact RAT’s configuration should be invisible to the RAT.

According to RAN1/4 LS, the bandcombination capability format in LTE would be reused in EN-IWK capability. Figure-1 gives the general bandcombination structure in LTE, which includes two parts:
· Part 1: per bandcombination capability;

· Part 2: per band parameter. 

Reusing this structure for the EN-IWK capability, it is observed that 

· For part 1, it should be visible to both RATs and it is common for both RATs; 
· For Part 2: the frequency indicator should be visible for both LTE and NR RAT, since it would impact the other RAT’s configuration; but for other capabilities, e.g. CSI-Proc, MIMO capability, it only impacts its own RAT’s configuration.  
Hence, the capability in yellow part should be invisible to the other RAT. 

Proposal 1: For the IWK capability design, the frequency band indicator should be visible for both LTE and NR.
Proposal 2: For the band specific MIMO and CSI-process capability, it should be designed for RAT specific, and invisible to other RAT. 
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Figure-1. Bandcombination Structure in LTE

To achieve independent capability signaling, pointer-like solution can be considered for per BC per band specific MIMO/CSI like parameter and Figure-2 provides an example. In this example, the IWK capability includes two bandcombination: for each bandcombination, the per band parameter gives the RAT type and configuration set index which can point to the detail parameter configuration in the corresponding RAT specific capability in addition of the frequency band indicator. For BC-1, it includes one LTE band with set-1 and one NR band with set-2, and the LTE set-1 is defined in LTE specific capability, and NR set-2 is defined in NR specific capability. 
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Figure-2. Example of pointer-like IWK capability design
The pointer-like capability design is not only to make the RAT specific parameter design independent, but also can avoid the signaling overhead (i.e. detailed capability is only given at one place).
Proposal 3: For the capability which is invisible to other RAT, pointer-like solution should be introduced in IWK capability design.

· Pointer-like solution: one RAT specific index is provided in the IWK capability which can point to the detail capability defined in that RAT specific capability.
2.2 IWK capability container
According to the FFS point in last meeting, there are two options to carry the IWK capability. 
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Figure-3 Options to carry IWK capability

· Option 1: dedicated IWK capability container

The UE reports three containers to the network: LTE capability, NR capability and IWK capability container. For the IWK capability, it is defined in both LTE and NR RRC spec. There is only one container which is used for both LTE and NR. In case of ASN.1 coding different for NR and LTE, which ASN.1 coding would be applied for IWK capability container should be discussed.  
· Option 2: in NR and LTE capability container separately
UE reports two containers to network: LTE capability and NR capability container. IWK capability is included in NR and LTE capability respectively. 
The comparison between two options is provided in Table-1. 
Table-1. Comparison of two IWK capability container options

	
	Opt 1: Dedicated IWK capability container
	Opt 2: In NR and LTE capability container

	Uu  Signaling overhead
	less 
	More  (twice of Opt 1 )

	Xn Signaling overhead (in case of NR SN)
	Equal  (NR capability container+ IWK capability container)
	Equal  (NR capability container)

	ASN.1 coding 
	?? need to discuss and resolve first
	NR ASN.1 coding for NR capability;
LTE ASN.1 coding for LTE capability.


From Table-1, it is observed that although Opt 1 is good for Uu signaling overhead reduction, but considering overhead over Xn interface, the potential ASN.1 coding issues and signaling is already compressed when using pointer-like solution we think the Opt 2 is the simple way and acceptable in general. 
Proposal 4: IWK capability is proposed to be included in LTE and NR capability respectively (Opt 2.).

2.3 IWK capability coordination
Based on the above IWK capability design, Figure-4 gives the EN-IWK capability coordination to UE. 
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Figure-4 IWK capability coordination

The steps of the capability coordination in Figure-4 are:

· Step 1: LTE MN acquires the UE capability from core network; 

· MME provides the UECapabilityInformation (including LTE and NR capability) to LTE MN via S1AP message INITIAL CONTEXT SETUP REQUEST;
· Step 1a: LTE MN acquires the UE capability from UE; (in case of MN cannot acquire UE capability from CN);

· UE reports the LTE and NR capability (which also including IWK capability) to LTE MN via RRC message UECapabilityInformation; 

· UE includes NR capability and LTE capability in the different ue-CapabilityRAT-Container;
· Step 2: LTE MN decides to enable the EN-IWK mode and select the BC to perform MCG configuration;

· According to the UE capability, LTE MN decides to enable the EN-IWK mode;

· LTE MN selects the IWK capability of BC {LTE set 1+ NR set 2};

· LTE MN gives the MCG configuration according to LTE set 1, which including the LTE band indicator/bandwidth/MIMO capability/CSI-process capability…;

· Step 3: LTE MN triggers NR SN addition procedure to NR SN, which includes the following capability:

· 1/ NR capability container; 

· 2/ the LTE MN selected BC {LTE set 1+ NR set 2};
· Step 3: NR SN gives the SCG configuration according to the selected BC capability;

· NR SN provides SCG configuration based on the selected BC {LTE set 1+ NR set 2} capability;

· For the detail of NR set 2, NR SN provides the SCG configuration according to the detail definition in NR capability. 

· Step 4: NR SN provides the NR SCG configuration to LTE MN;

· Step 5: LTE MN generates the final RRC message which encapsulate the NR SCG configuration message, and sends it to UE. 

Proposal 5: IWK Capability coordination should take Figure-4 as the baseline, especially on the following points

· Point 1: NR capability is defined as a new ue-CapabilityRAT-Container in  LTE UECapabilityInformation;

· Point 2: MN provides the SN-RAT capability container and the selected IWK capability for this IWK configuration to SN.  

3 Conclusion

According to the analysis in section 2, it is observed that 

Observation 1: IWK capability should be designed in loose-coupled way to NR specific and LTE specific capability as much as possible. 
Observation 2: The capability not impact the other RAT’s configuration should be invisible to the other RAT.

And also it is proposed that:
Proposal 1: For the IWK capability design, the frequency band indicator should be visible for both LTE and NR.
Proposal 2: For the band specific MIMO and CSI-process capability, it should be designed for RAT specific, and invisible to the other RAT. 

Proposal 3: For the capability which is invisible to the other RAT, pointer-like solution should be introduced in IWK capability design.

· Pointer-like solution: one RAT specific index is provided in the IWK capability which can point to the detail capability defined in that RAT specific capability.

Proposal 4: IWK capability is proposed to be included in LTE and NR capability respectively (Opt 2.).

Proposal 5: IWK Capability coordination should take Figure-4 as the baseline, especially on the following points

· Point 1: NR capability is defined as a new ue-CapabilityRAT-Container in  LTE UECapabilityInformation;

· Point 2: MN provides the SN-RAT capability container and the selected IWK capability for this IWK configuration to SN.  
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