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Discussion
Indication of support of NR-NR DC capability
Since CA is already fully optional, as indicated by the band combination signaling, this principle should be naturally extended to DC. In addition, as in LTE, CA support in a particular band combination should not imply DC support in the same band combination, therefore DC and CA should be separate capabilities. 

Proposal 1:  
NR-NR is an additional optional UE capability. While NR-NR CA is already optional, CA support should not automatically imply DC support even in the same band combination. 


Similar to LTE, there needs to be a way to indicate in a given band combination, which dual connectivity cell group partitioning is supported
· Example 1:  Suppose the UE supports CA Band combinations {Band A + Band B + Band C} and {Band A + Band B + Band D}, it should be possible to signal that the UE supports DC in {Band A + Band B + Band C} but doesn’t support DC in {Band A + Band B + Band D}
· Example 2:  Suppose the UE supports CA Band combination {Band A + Band B + Band C}, it should be possible to signal that the UE supports {MCG={Band A + Band B}, SCG={Band C}} but doesn’t support {MCG={Band C}, SCG={Band A + Band B}} or {MCG={Band A}, SCG={Band B + Band C}}. 

Therefore, we make the following proposals. 

Proposal 2: 
The signaling should allow indication of DC support on the basis of band combination cell group partitioning.

Proposal 3: 
In the DC capability signaling, MCG and SCG should be differentiated to allow signaling support of a particular configuration while signaling no support of the same configuration with MCG/SCG designation interchanged.


In general, there doesn’t seem to be a use case for NR-NR intra-band contiguous DC. Although an agreement on this might not need to be captured in the specification; an agreement is still useful, so as to avoid spending time on trying to solve the significant challenges associated with NR-NR intra-band contiguous DC. 
We note that defining intra-band contiguous EN-DC was needed but its justification doesn’t extend to NR-NR DC. 

Proposal 4: 
No need to define support for NR-NR DC with intra-band contiguous CCs where some CCs are in MCG, some other CCs in the same band are in SCG.


NR-NR DC has both synchronous and asynchronous operating modes. Although the difference appears moderate given that even in synchronous DC, the slot and symbol boundaries are already not fully aligned whenever the SCS is different across cell groups; it is still expected that fully asynchronous operation will require a different modem architecture where the different cell groups are processed in dedicated hardware blocks with limited or no possibility of hardware resource reuse across the blocks. This is in contrast with synchronous DC, which can be supported with large degree of hardware resource reuse across the cell groups, similar to CA. 
Since the required hardware architecture is different, it would be highly beneficial to separately indicate sync an async DC support on a per band combination and cell group partitioning basis.    

Proposal 5: 
There should be a differentiation between synchronous DC and asynchronous DC from the capability signaling perspective. The signaling should enable signaling support of synchronous DC and no support of asynchronous DC in the same band combination and cell group partitioning.


Cell group dependent capabilities
The first order question is whether it is needed to have fully independent capabilities in the two cell groups in a DC band combination. This flexibility doesn’t seem to be necessary. Therefore, existing capabilities that are defined either per band or per UE, and capability components that are not defined as ‘across all CCs’ don’t need to be separately signaled for each cell group. Of course, this agreement would not change the fact that all the capabilities that are FR1/FR2 differentiated, for example, will already be effectively independent across cell groups in FR1+FR2 DC. 

Proposal 6: 
For the capability parameters and components that are presently not defined as ‘across all CC’, the same capability signaling structure can be reused for DC as for CA.


Even though we do not propose independent capabilities for cell groups, supported capabilities should still be allowed to be different between CA and DC, therefore we make the following proposal: 

Proposal 7: 
For the capability parameters and components that are presently not defined as ‘across all CC’ and that are of Type 3 (per band per band combination), the same band combinations need to be allowed to be listed separately for CA and DC with allowing different capability contents.


Some capability parameters were defined ‘across all CCs’. It needs to be decided how these parameters are interpreted in NR-NR DC. Take for example FG 2-35 Component 5 shown below:”UE can process X CSI report(s) simultaneously across all CCs. CSI reports can be P/SP/A CSI and any latency class and codebook type”.    
 
	2-35
	CSI report framework 

	1. Maximum number of periodic CSI report setting per BWP for CSI report
1a. Maximum number of periodic CSI report setting per BWP for beam report
2. Maximum number of aperiodic CSI report setting per BWP for CSI report
2a. Maximum number of aperiodic CSI report setting per BWP for beam report
2b. Maximum number of configured aperiodic CSI triggering states in CSI-AperiodicTriggerStateList per CC, 
3. Maximum number of semi-persistent CSI report setting per BWP for CSI report
3a. Maximum number of semi-persistent CSI report setting per BWP for beam report
4. UE can process Y CSI report(s) simultaneously in a CC. CSI reports can be P/SP/A CSI and any latency class and codebook type.
5. UE can process X CSI report(s) simultaneously across all CCs. CSI reports can be P/SP/A CSI and any latency class and codebook type. 
	2-32
	Yes
	Type 3
	N.A.
	N.A.
	
	NOTE: Other MIMO capability other than component 5 may further restrict (reduce) the number of simultaneously CSI report that UE is required to update
Note: The CSI report in component 4 includes the beam report and CSI report
Note: The CSI report in component 5 includes the beam report and CSI report 
Note: each component is independent
Note: CSI report setting are counted in the CC indicated by the parameter carrier in CSI-ResourceConfig.
	
	Mandatory with capability signaling
Component-1 candidate values: {1, 2, 3, 4}
Component-1a candidate values: {1, 2, 3, 4}
Component-2 candidate values: {1, 2, 3, 4}
Component-2a candidate values: {1, 2, 3, 4}
Component-2b candidate values: {3, 7, 15, 31, 63, 128}
Component-3 candidate values: {0, 1, 2, 3, 4}
Component-3a candidate values: {0, 1, 2, 3, 4}
Component-4 candidate values: {from 1 to 8}

Component-5 candidate values: {from 5 to 32}





Assume the UE sets FG 2-35 Component 5 = ‘5’. 
Need to decide whether this means: 
· Option A) : The UE can process 5 CSI reports simultaneously across all CCs in the MCG and in addition 5 CSI reports simultaneously across all CCs in the SCG, i.e. 10 CSI reports total, or
· Option B) : The UE can process 5 CSI reports simultaneously summed across all CCs in the MCG and across all CCs in the SCG, i.e. 5 CSI reports total
We propose to take Option (B), as captured in the following proposal. 

Proposal 8: 
For the capability parameters and components that are presently defined as ‘across all CC’:  
· These capability parameters should be defined as ‘across all CCs and across MCG and SCG’.


It needs to be decided how to handle the defined mandatory minimum values, similar to the interpretation of capability parameters.  For this case, we also propose to take Option (B) above, as captured in the following proposal. For example, if the UE needs to support at least X bind decodes across all CCs in CA in a band combination then the UE needs to support at least X blind decodes across all CCs in DC in the same band combination; as opposed to supporting X blind decodes in the MCG and an additional X blind decodes in the SCG.

Proposal 9: 
For the capability parameters and components that are presently defined as ‘across all CC’: 
· If there is any mandatory minimum value defined for ‘across all CCs’, the same mandatory minimum should apply to ‘across all CCs and across MCG and SCG’. 


There is one remaining problem which seems to require slightly more complex handling. As mentioned in Section 2.1, async DC is likely supported with separate hardware blocks dedicated to MCG and SCG. As it was also mentioned in Section 2.1, there would be limited or no possibility of hardware resource reuse across the blocks in these cases; therefore, functionalities that are closely coupled to hardware may not be freely distributed (neither semi-statically, nor dynamically) across the hardware blocks. 
For example, it would not be possible to configure almost all control search space / blind decodes in one processing block while very few in the other processing block, if the two blocks are designed with approximately equal amount of hardware resources for control decoding. In order to solve this problem, we propose to categorize those capability parameters that are currently defined as ‘across all CCs’ as whether closely coupled to hardware processing blocks or not. On that basis, we make the following proposal.    

Proposal 10: 
For the capability parameters and components that are presently defined as ‘across all CC’: 
· For the case of synchronous DC: 
· These capability parameters can be freely distributed across the CGs by UE configuration by the gNB, same as in CA.
· For the case of asynchronous DC: 
· Define two subtypes of capability parameters: 
· Type A capability: Closely coupled to hardware processing blocks, e.g. PDCCH decoding, PDSCH decoding
· These capabilities parameters should have bounds defined to target proportional distribution across MCG and SCG, as to alleviate each processing block having to be defined for the worst case. 
· Similar solutions are being considered for example for control blind decoding with different numerologies in CA. The same solution should be applied to DC for both different and same numerologies
· Type B capability: Not closely coupled to hardware processing blocks, e.g. CSI calculation
· These capability parameters can be freely distributed across the CGs by UE configuration by the gNB, same as in CA 


Conclusions
In this contribution, the following proposals have been made:
Proposal 1:  
NR-NR is an additional optional UE capability. While NR-NR CA is already optional, CA support should not automatically imply DC support even in the same band combination. 

Proposal 2: 
The signaling should allow indication of DC support on the basis of band combination cell group partitioning. 

Proposal 3: 
In the DC capability signaling, MCG and SCG should be differentiated to allow signaling support of a particular configuration while signaling no support of the same configuration with MCG/SCG designation interchanged.

Proposal 4: 
No need to define support for NR-NR DC with intra-band contiguous CCs where some CCs are in MCG, some other CCs in the same band are in SCG.

[bookmark: _Hlk522788952]Proposal 5: 
There should be a differentiation between synchronous DC and asynchronous DC from the capability signaling perspective. The signaling should enable signaling support of synchronous DC and no support of asynchronous DC in the same band combination.

Proposal 6: 
For the capability parameters and components that are presently not defined as ‘across all CC’, the same capability signaling structure can be reused for DC as for CA.

Proposal 7: 
For the capability parameters and components that are presently not defined as ‘across all CC’ and that are of Type 3 (per band per band combination), the same band combinations need to be allowed to be listed separately for CA and DC with allowing different capability contents.

Proposal 8: 
For the capability parameters and components that are presently defined as ‘across all CC’:  
· These capability parameters should be defined as ‘across all CCs and across MCG and SCG’.

Proposal 9: 
For the capability parameters and components that are presently defined as ‘across all CC’: 
· If there is any mandatory minimum value defined for ‘across all CCs’, the same mandatory minimum should apply to ‘across all CCs and across MCG and SCG’. 


[bookmark: _GoBack]Proposal 10: 
For the capability parameters and components that are presently defined as ‘across all CC’: 
· For the case of synchronous DC: 
· These capability parameters can be freely distributed across the CGs by UE configuration by the gNB, same as in CA.
· For the case of asynchronous DC: 
· Define two subtypes of capability parameters: 
· Type A capability: Closely coupled to hardware processing blocks, e.g. PDCCH decoding, PDSCH decoding
· These capabilities parameters should have bounds defined to target proportional distribution across MCG and SCG, so as to alleviate each processing block having to be defined for the worst case. 
· Similar solutions are being considered for example for control blind decoding with different numerologies in CA. The same solution should be applied to DC for both different and same numerologies
· Type B capability: Not closely coupled to hardware processing blocks, e.g. CSI calculation
· These capability parameters can be freely distributed across the CGs by UE configuration by the gNB, same as in CA 
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