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1. Introduction
This contribution is to propose how to interpret UE capabilities in TDD-FDD CA, which was discussed in the last meeting based on R2-145148 [1].

2. Discussion
FGI is to indicate whether a specific feature group is implemented and tested. Multi-mode UE may implement/test feature groups for a specific mode in different point of time. Such UEs report 3 FGIs; one for common, one for FDD mode and one for TDD mode.
Table 1 FGI fields for common/FDD/TDD

	Common FGI
	FDD FGI
	TDD FGI

	featureGroupIndicators in UE-EUTRA-Capability
featureGroupIndRel9Add-r9 in UE-EUTRA-Capability-v9a0-Ies
featureGroupIndRel10-r10 in UE-EUTRA-Capability-v1020-IEs
	featureGroupIndicators in UE- fdd-Add-UE-EUTRA-Capabilities-r9
featureGroupIndRel9Add-r9 in UE- fdd-Add-UE-EUTRA-Capabilities-r9
featureGroupIndRel10-r10 in fdd-Add-UE-EUTRA-Capabilities-v1060
	featureGroupIndicators in UE- tdd-Add-UE-EUTRA-Capabilities-r9
featureGroupIndRel9Add-r9 in UE- tdd-Add-UE-EUTRA-Capabilities-r9
featureGroupIndRel10-r10 in tdd-Add-UE-EUTRA-Capabilities-v1060


The question raised during the last meeting is how to interpret FGIs if UE is configured with TDD-FDD CA. For example, if UE set the value differently in FDD FGI and in TDD FGI for a specific feature group, it is not clear whether such feature group can be used or not.
The common FGI bit is set to 1 only if the corresponding bit is 1 both in FDD FGI and TDD FGI (i.e. CASE 4 below) as shown in Table 2. 
Table 2 How to set common FGI depending on FDD and TDD FGIs

	
	FDD FGI
	TDD FGI
	Common FGI

	CASE 1
	0
	0
	0

	CASE 2
	0
	1
	0

	CASE 3
	1
	0
	0

	CASE 4
	1
	1
	1


There is no issue around case 1 and 4. If a feature group is supported and tested in both modes, it can be used in TDD-FDD CA. If a feature group is supported neither in FDD nor in TDD, it cannot be used in TDD-FDD CA.
On CASE 2 and CASE 3, FGI table explicitly indicate whether different value for TDD and FDD is allowed per FGI. As per the latest RRC specification there are 39 such FGIs.
Table 3 FGIs allowed signalling different values for FDD and TDD [2]
	Index
	Definition
	Per serving cell
	Only PCell/
PSCell
	Note

	1
	Intra-subframe frequency hopping for PUSCH scheduled by UL grant
	Yes
	No
	Layer 1

	2
	Simultaneous CQI and ACK/NACK on PUCCH, i.e. PUCCH format 2a and 2b, Absolute TPC command for PUSCH, Resource allocation type 1 for PDSCH, …
	
	Yes
	Layer 1

	4
	Short DRX cycle
	No
	No
	Layer 2

	8
	EUTRA RRC_CONNECTED to UTRA FDD or UTRA TDD CELL_DCH PS handover, if the UE supports either only UTRAN FDD or only UTRAN TDD, …
	　
	
	Handover

	9
	EUTRA RRC_CONNECTED to GERAN GSM_Dedicated handover
	　
	　
	Handover

	10
	EUTRA RRC_CONNECTED to GERAN (Packet_) Idle by Cell Change Order, …
	　
	　
	Handover

	11
	EUTRA RRC_CONNECTED to CDMA2000 1xRTT CS Active handover
	　
	　
	Handover

	12
	EUTRA RRC_CONNECTED to CDMA2000 HRPD Active handover
	　
	　
	Handover

	15
	Measurement reporting event: Event B1, …
	　
	　
	Measurement

	19
	Inter-RAT periodical measurement reporting, …
	　
	　
	Measurement

	22
	UTRAN FDD or UTRAN TDD measurements, reporting and measurement reporting event B2 in E-UTRA connected mode, if the UE supports either only UTRAN FDD or only UTRAN TDD, …
	　
	　
	Measurement

	23
	GERAN measurements, reporting and measurement reporting event B2 in E-UTRA connected mode
	　
	　
	Measurement

	24
	1xRTT measurements, reporting and measurement reporting event B2 in E-UTRA connected mode
	　
	　
	Measurement

	26
	HRPD measurements, reporting and measurement reporting event B2 in E-UTRA connected mode
	　
	　
	Measurement

	27
	EUTRA RRC_CONNECTED to UTRA FDD or UTRA TDD CELL_DCH CS handover, if the UE supports either only UTRAN FDD or only UTRAN TDD, …
	　
	　
	Handover

	28
	TTI bundling
	　
	Yes
	Layer 2

	29
	Semi-Persistent Scheduling
	　
	Yes
	Layer 2

	33
	Inter-RAT periodical measurement for UTRAN FDD, …
	　
	　
	Measurement

	34
	Inter-RAT periodical measurement reporting for GERAN
	　
	　
	Measurement

	35
	Inter-RAT periodical measurement reporting for 1xRTT
	　
	　
	Measurement

	36
	Inter-RAT periodical measurement reporting for HRPD:
	　
	　
	Measurement

	37
	Inter-RAT periodical measurement reporting for UTRAN TDD
	　
	　
	Measurement

	38
	EUTRA RRC_CONNECTED to UTRA TDD CELL_DCH PS handover
	　
	　
	Measurement

	39
	UTRAN TDD measurements, reporting and measurement reporting event
	　
	　
	Measurement

	40
	EUTRA RRC_CONNECTED to UTRA TDD  CELL_DCH  CS handover
	　
	　
	Measurement

	41
	Measurement reporting event: Event 
	　
	　
	Measurement

	102
	Trigger type 1 SRS (aperiodic SRS) transmission (Up to X ports)
	Yes
	No
	Layer 1

	103
	PDSCH transmission mode 9 when up to 4 CSI reference signal ports are configured
	Yes
	No
	Layer 1

	105
	Periodic CQI/PMI/RI reporting on PUCCH: Mode 2-0
	Yes
	Yes
	Layer 1

	106
	Periodic CQI/PMI/RI/PTI reporting on PUCCH: Mode 2-1
	Yes
	Yes
	Layer 1

	107
	Aperiodic CQI/PMI/RI reporting on PUSCH: Mode 2-0 
	Yes
	Yes
	Layer 1

	108
	Aperiodic CQI/PMI/RI reporting on PUSCH: Mode 2-2 
	Yes
	No
	Layer 1

	109
	Periodic CQI/PMI/RI reporting on PUCCH Mode 1-1, submode 1
	Yes
	Yes
	Layer 1

	110
	Periodic CQI/PMI/RI reporting on PUCCH Mode 1-1, submode 2
	Yes
	Yes
	Layer 1

	111
	Measurement reporting trigger Event A6
	　
	　
	Measurement

	112
	SCell addition within the Handover to EUTRA procedure
	　
	　
	Handover

	113
	Trigger type 0 SRS (periodic SRS) transmission on X Serving Cells
	Yes
	No
	Layer 1

	115
	time domain ICIC
	Yes
	No
	Layer 1 & 2

	116
	Relative transmit phase continuity for spatial multiplexing in UL
	Yes
	No
	Layer 1


It may be possible to categorize FGIs into 4 groups.
· Group 1: Feature groups that can be enabled per serving cells: 1, 102, 103, 108, 113, 115, 116
· Group 2: Feature groups that is applicable only to PCell/PSCell: 2, 28, 29, 105, 106, 107, 109, 110

· Group 3: Feature groups related to handover: 8, 9, 10, 11, 12, 27, 112

· Group 4: Feature groups related to measurement and short DRX: 4, 15, 19, 22, 23, 24, 26, 33, 34, 35, 36, 37, 38, 39, 40, 41, 111
For both Groups 1 and 2 above, it is obvious that E-UTRAN can determine whether to enable the feature per serving cell/ PCell/ PSCell.
Proposal 1: For FGIs 1, 102, 103, 108, 113, 115 and 116, E-UTRAN determines whether to enable the feature per serving cell according to the corresponding TDD/FDD FGI.
Proposal 2: For FGIs 2, 28, 29, 105, 106, 107, 109 and 110, E-UTRAN determines whether to enable the feature according to the duplex mode of PCell/PSCell, and corresponding FGI.
For group 3 i.e. FGIs related to handover, we may consider following two alternatives.

· Alternative 1: (same as Proposal 2 above) E-UTRAN determines whether to enable the feature according to the duplex mode of PCell, and corresponding FGIs.
· Alternative 2: (more conservative) E-UTRAN determines whether to enable the feature only if UE supports the feature both in TDD and FDD i.e. corresponding common FGI bit is set to 1.

We think that alternative 1 would be feasible for the handover-relaed FGIs, as the handover operations have mainly relations with the PCell, and alternative 2 would be too restrictive.
Proposal 3: For FGIs, 8, 9, 10, 11, 12, 27 and 112 (FGIs), E-UTRAN determines whether to enable the feature according to the duplex mode of PCell, and corresponding FGIs.
For group 4 i.e. FGIs related to measurement and short DRX, we prefer a more conservative approach to prevent potential issues, as the measurement operations are involved not only with the serving cell but also with other cells. Furthermore, different UE vendors may have different implementations for the measurement. So, it would be preferable to go with the conservative approach.
Proposal 4: For FGIs 4, 15, 19, 22, 23, 24, 26, 33, 34, 35, 36, 37, 38, 39, 40, 41 and 111 (which are related to measurements and short DRX), E-UTRAN determines whether to enable the feature only if UE supports the feature both in TDD and FDD, i.e. corresponding common FGI bit is set to 1.
3. Conclusion

Proposal 1: For FGIs 1, 102, 103, 108, 113, 115 and 116, E-UTRAN determines whether to enable the feature per serving cell according to the corresponding TDD/FDD FGI.
Proposal 2: For FGIs 2, 28, 29, 105, 106, 107, 109 and 110, E-UTRAN determines whether to enable the feature according to the duplex mode of PCell/PSCell, and corresponding FGI.
Proposal 3: For FGIs, 8, 9, 10, 11, 12, 27 and 112 (FGIs), E-UTRAN determines whether to enable the feature according to the duplex mode of PCell, and corresponding FGIs.
Proposal 4: For FGIs 4, 15, 19, 22, 23, 24, 26, 33, 34, 35, 36, 37, 38, 39, 40, 41 and 111 (which are related to measurements and short DRX), E-UTRAN determines whether to enable the feature only if UE supports the feature both in TDD and FDD, i.e. corresponding common FGI bit is set to 1.
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