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Introduction
UE capability coordination has been discussed during RAN2 #97bis and been achieved the following 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.
2) The eNB/gNB should be able to retrieve NR Capability, LTE/NR-Capability (if agreed) and LTE-Capability depending on the NSA/SA operations.
3) 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).


There is  a FFS left: 
· 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.
In order to resolve the FFS issue, we intend to discuss about the format and Stage 2 content of LTE/NR DC specific capabilities in this contribution.
Discussion
2.1 Format of LTE/NR DC specific capabilities
According to the FFS, when reporting UE capability to eNB/gNB, the format of LTE/NR DC specific capabilities which requiring coordination could have two options:
· Option 1: LTE/NR DC specific capabilities are included in UE-EUTRA-Capability and/or UE-NR-Capability.
· Option 2: LTE/NR DC specific capabilities are included in a new LTE/NR-Capability container.
The selection between these two options will raise influence on several aspects, e.g. message size and specification work. For example, Option 1 may inevitably increase the size of UECapabilityInformation message with redundancy (since the LTE/NR DC specific capabilities will be included in UE-EUTRA-Capability and UE-NR-Capability), and the capabilities of LTE/ NR RAT will be brought and maintained in TS 38.xxx (e.g. 38.306)/ TS 36.306 respectively, which induces the complexity of specification maintenance.
However, if RAN4 defines the LTE/NR DC specific capabilities in the abstract way, i.e. LTE/ NR does not need to understand the specific parameters of NR/ LTE but only the index corresponding to each capabilities, then Option 1 could be selected, because the increasing of message size and specification maintenance complexity will not be serious problems. 
On the other hand, if RAN4 defines the LTE/NR DC specific capabilities in the common way, i.e. LTE/NR could understand the specific capabilities of each other (at least for the capabilities which requiring the coordination between LTE and NR), then Option 2 seems appropriate, because the common LTE/NR DC specific capabilities could be included in a separate container and be reported only when requested. In addition, the container may be maintained only in TS 37.xxx (e.g. 37.306).
In summary, the pros and cons of Option 1 and Option 2 is heavily depending on the way of how RAN4 would define the LTE/NR DC specific capabilities, therefore we get follow observation:
Observation 1: Until RAN4 provides more information about the definition of LTE/NR DC specific capabilities, RAN2 cannot determine 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.
2.2 Content of LTE/NR DC specific capabilities
According to [1], RAN4 has just kicked off the discussion on LTE/NR DC specific capabilities and only some general principles have been agreed (e.g. RAN4 has identified that some NR UE capabilities may depend on the LTE/ NR band combinations, such as MIMO layers). However, we think RAN2 could progress the issue from RAN2’s point of view, based on the UE radio access capabilities defined in LTE specifications. 
For example, in LTE, the overall Operating bands and Operating bands for CA are defined in TS 36.306, and the specific supportedBandListLTE and supportedBandCombinationLTE of given UE which included in UE-EUTRA-Capability are described in TS 36.331. The structure of those two parameters is illustrated in Fig 1.


Fig 1 Operating bands (for CA) defined in LTE and supportedBand(BnadCombination)LTE by UE
Though how to specify bands for NR is ongoing and there is no final conclusion yet[1], in RAN2, we could assume that in NR, the structure of overall Operating bands/ Operating bands for CA and specific supportedBandListNR/ supportedBandCombinationNR will be defined similarly as in LTE, as Fig 2 shows.


Fig 2 Operating bands (for CA) defined in NR and supportedBand(BnadCombination)NR by UE

Then in order to perform LTE/NR tight interworking, at least the combinations of LTE Operating band and NR Operating band (i.e. which LTE Operating band and which NR Operating band could be configured simultaneously to the UE, named as Combination_1 in this contribution) and the relate KPIs should be defined by RAN4 (as part of LTE/NR DC specific capabilities), and the specific combinations of Combination_1 which supported by the given UE will be indicated in the UECapabilityInformation message, as Fig 3 shows. 


Fig 3 Combination_1 defined for LTE-NR and supportedCombination1 by UE
To be more specific, the Combination_1 defined by RAN4 could also be demonstrated in the matrix way as present in the previous meetings. 
Note: Row - LTE Operating band, Column - Operating band, 1- combination, 0- non-combination,  n/a- unused.
	
	NR-FBI_1
	NR-FBI_2
	..
	NR-FBI_n

	LTE-FBI_ 1
	1
	n/a
	...
	1

	LTE-FBI_2
	0
	n/a
	...
	0

	...
	...
	n/a
	...
	...

	LTE-FBI_ m
	1
	n/a
	...
	0


Namely, UE will indicate which combinations in the matrix (i.e. among the ones marked as 1) are supported in the UECapabilityInformation message.
Furthermore, considering that LTE and/ or NR may configure CA to UE respectively, the following Combinations should also be defined by RAN4: 
· Combination_2: Including the combination(s) about which LTE Operating band for CA and which NR Operating band could be configured simultaneously to the UE, when LTE is configured in CA while NR is not;
· Combination_3: Including the combination(s) about which LTE Operating band and which NR Operating band for CA could be configured simultaneously to the UE, when LTE is not configured in CA while NR is;
· Combination_4: Including the combination(s) about which LTE Operating band for CA and which NR Operating band for CA could be configured simultaneously to the UE, when LTE and NR are both configured in CA. 
Correspondingly, UE will indicate which combinations of Combination_2/ 3/ 4 are supported in the UECapabilityInformation message.
For another capability which is agreed to be coordinated between LTE and NR, i.e. L2 buffer, since the specific buffer size is associated with the given UE Category, then the above analysis on operating band (for CA) is also suitable for L2 buffer, as long as the structure of L2 buffer/ UE Category defined in NR is similar as in LTE. The structure of combinations (Combination_5) related to L2 buffer/ UE Category is shown in the following figure and matrix.


Fig 4 UE Category defined in LTE-NR and supportedCategoryLTENR by UE

	
	NR Category 1
	NR Category 2
	..
	NR Category n

	LTE Category 1
	1
	1
	...
	1

	LTE Category 2
	1
	1
	...
	0

	...
	...
	0
	...
	...

	LTE Category m
	1
	0
	
	0


Note: m-UE category level in LTE, n-UE category level in NR.
Then UE will indicate which combinations of Combination_5 are supported in the UECapabilityInformation message.
Observation 2: From RAN2’s aspect, the following combinations should be supported in the UECapabilityInformation message.
Combination_1 (defined as combination of LTE Operating band and NR Operating band);
Combination_2 (defined as combination of LTE Operating band for CA and NR Operating band);
Combination_3 (defined as combination of LTE Operating band and NR Operating band for CA);
Combination_4 (defined as combination of LTE Operating band for CA and NR Operating band for CA);
Combination_5 (defined as combination of LTE Category and NR Category).
In summary, we propose: 
Proposal 1: RAN 2 should send an LS to RAN4 to define the Combinations (and the related KPI) about which LTE Operating band/ Operating band for CA/ UE Category and which NR Operating band/ Operating band for CA/ UE Category could be configured simultaneously to the UE. 
Then, based on the Combinations defined by RAN4, UE should indicate which specific combinations (which LTE Operating band/ Operating band for CA/ UE Category and which NR Operating band/ Operating band for CA/ UE Category could be configured simultaneously) are supported in the UECapabilityInformation message. And MN performs UE Capability Coordination with SN based on the specific combinations indicated by the UE.
Conclusion
It is proposed that RAN2 discuss and adopt on following observations and proposals:
Observation 1: Until RAN4 provides more information about the definition of LTE/NR DC specific capabilities, RAN2 cannot determine 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.
Observation 2: From RAN2’s aspect, the following combinations should be supported in the UECapabilityInformation message.
Combination_1 (defined as combination of LTE Operating band and NR Operating band);
Combination_2 (defined as combination of LTE Operating band for CA and NR Operating band);
Combination_3 (defined as combination of LTE Operating band and NR Operating band for CA);
Combination_4 (defined as combination of LTE Operating band for CA and NR Operating band for CA);
Combination_5 (defined as combination of LTE Category and NR Category).
Proposal 1: RAN 2 should send an LS to RAN4 to define the Combinations (and the related KPI) about which LTE Operating band/ Operating band for CA/ UE Category and which NR Operating band/ Operating band for CA/ UE Category could be configured simultaneously to the UE.
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