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Discussion and Decision
1      Introduction
In RAN2#87bis meeting, following conclusion was made regarding UE capability:
	Agreements
1
Define SCG and split bearer capabilities per UE
2
One bit per band combination indicating support for synchronous DC:

2a
For synchronized case there is one bit per band combination with two or more entries (inter-band and non-contiguous intra-band) which indicates whether the UE is able to perform DC across the band entries (not within a band entry). 

2b
For synchronized case there is one bit per band combination with one entry and class C which indicates whether the UE is able to perform intra-band contiguous DC. (FFS for other classes)

3
One bit per band combination indicating support for asynchronous DC (FFS for more than two band entries in case of async):

3a
For asynchronized case there is one bit per band combination with two band entries (inter-band and non-contiguous intra-band) which indicates whether the UE is able to perform DC across the band entries (not within a band entry). 

3b
For non-synchronized case there is one bit per band combination with one entry for class C which indicates whether the UE is able to perform intra-band contiguous DC. (FFS for other classes)

=> 2 bits per band combination for sync and a-sync respectively (not considering the FFSs). 

6
A UE supporting asynchronous case for a band combination shall also support synchronous case for that band combination. 


When considering dual connectivity and TDD-FDD CA, we have the following agreements in Annex L.1 of running CR for TS 36.300 [1]: MCG and SCG may operate either in the same or in different duplex schemes. Also, the cells within the MCG or the SCG can operate with different duplex schemes.
In this contribution, we discuss the relationship between dual connectivity and TDD-FDD CA, from UE capability perspective.
2      Discussion
2.1     Background

UE capability signaling for carrier aggregation

The list of supported band combinations for carrier aggregation is signaled in IEs supportedBandCombination(Ext/Add) contained in IE RF-Parameters-v1020/v1060/v1090/v1130/v1180.
UE capability signaling for TDD-FDD CA
The support of TDD-FDD CA is signaled in IE tdd-FDD-CA-PCellDuplex, which is contained in IE PhyLayerParameters-v12xy. Note that the capability is per UE.
PhyLayerParameters-v12xy ::=


SEQUENCE {

e-HARQ-Pattern-FDD-r12




ENUMERATED {supported}


OPTIONAL,


tdd-FDD-CA-PCellDuplex-r12



BIT STRING (SIZE (2))


OPTIONAL

}

	tdd-FDD-CA-PCellDuplex
Indicates whether the UE supports TDD PCell and/or FDD PCell in any supported band combination including at least one FDD band and at least one TDD band. The first bit is set to "1" if UE supports the TDD PCell.  The second bit is set to “1” if UE supports FDD PCell. This field is included only if the UE supports band combination including at least one FDD band and at least one TDD band. If this field is included, the UE shall set at least one of the bits as “1”. 
	-


UE capability signaling for dual connectivity
In running CR for TS 36.331 [2], the list of supported band combinations for dual connectivity is signaled in IEs supportedBandCombination(Add)-v12xy contained in IE RF-Parameters-v12xy. UE capability for dual connectivity support is signalled as follows: 

BandCombinationParameters-v12xy ::=
SEQUENCE {


dc-Support-r12




SEQUENCE {



supported





SEQUENCE {




asynchronous




ENUMERATED {supported}


OPTIONAL



}
















OPTIONAL


}

}

	dc-Support

Including this field indicates that the UE supports synchronous DC and power control mode 1. Including this field for a band combination entry comprising of single band entry, indicates that the UE supports intra-band contiguous Dual Connectivity. Including this field for a band combination entry comprising of two bands, indicates that the UE supports DC for these bands. Including field asynchronous indicates that the UE supports power control mode 2.
	-


2.2     Relationship between DC capability and TDD-FDD CA capability
RAN1 indicates the following agreement in LS [3]: A DC capable UE which indicates support of TDD and/or FDD PCell by Tdd-FDD-CA-PCellDuplex-r12 is support TDD pSCell and/or FDD pSCell within each CG.
It is necessary to capture RAN1 agreement in the relevant field description for dc-Support-r12 or tdd-FDD-CA-PCellDuplex-r12. Below we give an example on how to capture RAN1 agreement in field description dc-Support-r12.

	dc-Support

Including this field indicates that the UE supports synchronous DC and power control mode 1. Including this field for a band combination entry comprising of single band entry, indicates that the UE supports intra-band contiguous Dual Connectivity. Including this field for a band combination entry comprising of two bands, indicates that the UE supports DC for these bands. Including field asynchronous indicates that the UE supports power control mode 2. If the UE indicates support of TDD and/or FDD PCell by tdd-FDD-CA-PCellDuplex-r12, the UE shall support TDD/FDD CA within each CG, and TDD PCell/PSCell and/or FDD PCell/PSCell within each CG accordingly.
	-


Proposal 1: RAN2 to capture the clarification for DC UE Capability on TDD-FDD CA.
One issue is whether UE is allowed to support TDD-FDD dual connectivity without support of TDD-FDD CA. From signalling perspective, the question is whether UE can indicate dual connectivity support without signalling tdd-FDD-CA-PCellDuplex-r12.
If we only consider carrier aggregation without considering dual connectivity, then a UE indicating at least one FDD/TDD band combination needs to signal tdd-FDD-CA-PCellDuplex-r12. Now let’s consider dual connectivity scenarios. We consider two band combinations: band combination A: 1A+39A, and band combination B: 1A+2A+39A+40A (note that band 1 and 2 are FDD bands while band 39 and 40 are TDD bands). For band combination A, some operator may choose to deploy TDD-FDD DC without deploying TDD-FDD CA due to backhaul limitations. For band combination B, DC UE supporting TDD-FDD CA needs to support all possible combinations (e.g. {1A for MCG, 2A+39A+40A for SCG}, {1A+2A for MCG, 39A+40A for SCG}, {1A+39A for MCG, 2A+40A for SCG}…), while a UE supporting TDD-FDD DC only can support a subset of combinations (e.g. supporting {1A+2A for MCG, 39A+40A for SCG}, but not {1A for MCG, 2A+39A+40A for SCG} or {1A+39A for MCG, 2A+40A for SCG}). Therefore from UE implementation perspective, supporting TDD-FDD CA has more complexity compared with supporting TDD-FDD DC for a UE supporting dual connectivity.
Currently UE capability signalling already allows that UE supports TDD-FDD DC without supporting TDD-FDD CA, i.e. UE indicates DC support for at least one band combination including at least one FDD band and at least one TDD band without signalling tdd-FDD-CA-PCellDuplex-r12. 
Proposal 2: RAN2 to discuss whether UE is allowed to support TDD-FDD DC without supporting TDD-FDD CA.
3      Conclusion
In this contribution, we discuss the relationship between dual connectivity and TDD-FDD CA from UE capability perspective, and propose the following:

Proposal 1: RAN2 to capture the clarification for DC UE Capability on TDD-FDD CA.
Proposal 2: RAN2 to discuss whether UE is allowed to support TDD-FDD DC without supporting TDD-FDD CA.
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