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Discussion and Decision
1      Introduction
 In the last RAN2 meeting, capability coordination was discussed and the following has been agreed. 
Agreements

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).

From our perspective, whether a new LTE/NR-Capability container separately from LTE capability container and NR capability container is used or not would be related to how much information will be defined for LTE-NR dual connectivity specifically. If the amount of joint LTE-NR capability information (i.e. LTE-NR DC related capabilities) is large and needs to be defined independently from LTE only /NR only capabilities, it would be clean/easy to define it as a separate container. 

Therefore, in this contribution, we take a look at potential capabilities that need to be defined for LTE-NR DC operation. 

2      Potential UE capabilities for LTE-NR DC operation 
2.1     UE category 

In LTE, UE category is used to indicate the peak data rate (maximum TBS) that the UE can support. The maximum TBS should be supported at least in one band combination assuming that the UE can support 20MHz in all carriers in the band combination. There was some controversial view on whether we continue to maintain the concept of UE category as the peak data achievable is actually determined based on the supported/allowed bandwidth, carrier aggregation and MIMO capabilities. However, we understand that UE category might be still a meaningful way to indicate peak data rate from marketing perspective.
In case of LTE-NR DC, network needs to know joint peak data rate although there will be separate LTE and NR UE categories. For example, although the UE can support 1Gbps in LTE only mode and 5Gbps in NR only mode, the UE may not be able to support 6Gbps in LTE-NR DC operation. It may be possible that the network can derive the joint peak data rate by using the reported LTE-NR DC band combination. However, with the same reason as in LTE, there might be still demand to have joint UE category to indicate the combined peak data explicitly. Therefore, we would like to get operators’ input whether joint LTE-NR UE category is worthwhile.  
Proposal 1: RAN2 is asked to get more input from operators whether LTE-NR DC UE categories is necessary to specify from marketing perspective. 
If a joint LTE-NR UE category is introduced, we also need to discuss what parameters are defined by the joint UE category in addition to the joint maximum TBS for LTE and NR. 

Regarding joint soft buffer size, we see that it is challenging to define/manage joint soft buffer size regardless of whether the UE shares soft buffer size between LTE and NR. The main reason is because the relationship between TBS and soft buffer is different in LTE and NR due to 1) different channel coding scheme, 2) different HARQ processing/operation, 3) different numerologies and etc. Given that the supportable data rate can be inferred by LTE-NR DC band combination, we don’t see strong reason to overcome such challenges to define joint soft buffer and to split/manage soft buffer for LTE-NR DC. 
Regarding maximum TBS for each LTE and NR, there could be two approaches. The first approach is the joint category includes maximum TBS for each LTE and NR. In this case, the split between LTE and NR is limited but clear/simple to dimension peak data rate in LTE and NR. The second approach is not to have maximum TBS for each of LTE and NR. but a single maximum TBS that needs to be split between MN and SN. However, since the network can know the possible split of maximum TBS for LTE and NR based on LTE-NR DC band combination, it may not be such an issue from UE implementation point of view. From flexibility point of view, we would prefer the second approach.  
Proposal 2: If RAN2 agree that LTE-NR DC UE category is necessary, RAN2 agree to include only the maximum TBS for LTE and NR jointly for each LTE-NR DC UE category. 
2.2     LTE-NR DC band combinations

First of all, we think that LTE-NR DC band combinations should be defined in order to indicate concurrency constraints from RF perspective. 

Proposal 3: LTE-NR DC band combination should be defined for LTE-NR UE capability.
In our understanding, in RAN4, it is likely that NR frequency bands are defined separately from LTE frequency bands because 1) the requirement would be different and 2) other parameters (e.g frequency raster) may be different. Therefore, RAN2 needs to define a new LTE-NR DC band combination which include both LTE and NR bands respectively. 

In LTE-NR DC band combination, we expect at least the following parameters are needed to indicate RF capabilities. 

 –
LTE frequency band, number of carriers/bandwidth class

–
NR frequency band, number of carriers/bandwidth class
In addition to the above information, the supported numerologies may be included if it is affected by LTE-NR operation. Since RAN4 has been discussing on LTE-NR DC band combinations, RAN2 can wait until RAN4 provides more detailed parameters. 

Proposal 4: RAN2 waits until RAN4 provides detailed parameters to be included in LTE-NR DC band combination.
2.3     Other capabilities

In LTE CA band combination, multiple capabilities are defined per band per band combination because a certain capability is affected by frequency (mainly MIMO capability) or because it is affected by the number of carriers/MIMO layers due to the limitation of UE processing capability. 
There could be two approach in handling UE capabilities that may be affected by LTE-NR DC operation. 

· Option 1: the affected UE capabilities are included per band per LTE-NR DC band combination

· This is exactly same approach as in LTE CA/DC band combination. LTE capabilities (e.g. MIMO capabilities, CSI capabilities) are included in LTE band, while NR capabilities (e.g. NR MIMO capabilities (if required), CSI capabilities (if required)) are included in NR band. 

· It may provide flexible implementation for UE implementation as it can indicate the limited capabilities of each RAT in LTE-NR DC operation e.g. when UE resources are shared between LTE and NR. The disadvantage of this option would be signaling overhead as we observed from LTE CA band combination signaling. 

· Option 2: no information per band per LTE-NR DC band combination
· UE capabilities are assumed based on pure LTE / NR only capabilities. For example, the UE can support 2CCs in LTE and 2 CCs in NR for LTE-NR DC. The UE capabilities for LTE are corresponding to LTE CA band combination supporting 2 CCs. 
· If the capabilities are affected, this could be indicated by using temporary capability restriction at least in NR.  
Both options are worthwhile to support considering the UE implementation flexibility, standardization effort or signaling overhead. However, for option 1, RAN2 need to have more discussion to identify 1) what capabilities should be included in LTE-NR DC band combination and 2) how to avoid signaling overhead. 
Proposal 5: As a default option, UE capabilities in LTE-NR DC can be determined based on each LTE and NR own capabilities without adding UE capabilities in LTE-NR DC band combination. 

Proposal 6: The UE is allowed to report capabilities in LTE-NR DC capability if the capabilities are affected by LTE-NR DC operation. 

Proposal 7: RAN2 discuss further to identify 1) what capabilities should be included in LTE-NR DC band combination and 2) how to avoid signaling overhead.
3      Conclusion
In this contribution, we take a look at potential capabilities that need to be defined for LTE-NR DC operation. Based on discussion, we would like to propose following points to specify LTE-NR DC capabilities. 
Proposal 1: RAN2 is asked to get more input from operators whether LTE-NR DC UE categories is necessary to specify from marketing perspective. 



 REF pro2 \h 

Proposal 2: If RAN2 agree that LTE-NR DC UE category is necessary, RAN2 agree to include only the maximum TBS for LTE and NR jointly for each LTE-NR DC UE category. 



 REF pro3 \h 

Proposal 3: LTE-NR DC band combination should be defined for LTE-NR UE capability.



 REF pro4 \h 

Proposal 4: RAN2 waits until RAN4 provides detailed parameters to be included in LTE-NR DC band combination.



 REF pro5 \h 

Proposal 5: As a default option, UE capabilities in LTE-NR DC can be determined based on each LTE and NR own capabilities without adding UE capabilities in LTE-NR DC band combination. 



 REF pro6 \h 

Proposal 6: The UE is allowed to report capabilities in LTE-NR DC capability if the capabilities are affected by LTE-NR DC operation. 



 REF pro7 \h 

Proposal 7: RAN2 discuss further to identify 1) what capabilities should be included in LTE-NR DC band combination and 2) how to avoid signaling overhead.
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