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1. Introduction

At RAN #54, RAN discussed how to handle LTE FDD/TDD terminals with capabilities/FGIs with respect to dual duplex mode UEs and mobility between LTE TDD and LTE FDD. An outcome of the discussion was that RAN sent the LS [1] to RAN1 among other working groups. In the LS, RAN1 is asked to identify a “subset of UE capabilities and FGIs that could be allowed to be different for dual duplex mode UEs”, and feed back to RAN #55. In this contribution we analyze each corresponding feature that is either a capability or has an FGI bit assigned to it.
2. Discussion

In order to analyze each feature in a systematic way, the applicable FGI bits and capabilities that are listed in [2] and [3] are copied into Table 1 to Table 5 together with an analysis if separate indication is needed or not.

Table 1: Applicable FGI bits from Rel-8

	Index of indicator (bit number)[3]
	Definition

(description of the supported functionality, if indicator set to one) [3]
	Comment
	Separate indication is needed [Yes/No]

	1 (leftmost bit)
	- Intra-subframe frequency hopping for PUSCH scheduled by UL grant

- DCI format 3a (TPC commands for PUCCH and PUSCH with single bit power adjustments)

- PDSCH transmission mode 5

- Aperiodic CQI/PMI/RI reporting on PUSCH: Mode 2-0 – UE selected subband CQI without PMI

- Aperiodic CQI/PMI/RI reporting on PUSCH: Mode 2-2 – UE selected subband CQI with multiple PMI
	Intra-subframe frequency hopping (assuming it is type1)

- No difference

DCI format 3a

- No difference 

PDSCH TM5

- No difference 

Aperiodic CSI mode 2-0

- No difference

Aperiodic CSI mode 2-2

- No difference
	Intra-subframe frequency hopping (assuming it is type1)

No
DCI format 3a

No

PDSCH TM5

No

Aperiodic CSI mode 2-0

No

Aperiodic CSI mode 2-2

No

	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

- Periodic CQI/PMI/RI reporting on PUCCH: Mode 2-0 – UE selected subband CQI without PMI

- Periodic CQI/PMI/RI reporting on PUCCH: Mode 2-1 – UE selected subband CQI with single PMI
	Simultaneous CQI and ACK/NACK on PUCCH

- ACK/NACKs are coded differently dependent on if TDD or FDD is used

Absolute TPC command for PUSCH

- No difference 

Resource allocation type 1 for PDSCH

-No difference

Periodic CSI Mode 2-0

-Periodicity value Nd=1 has a special interpretation

Periodic CSI Mode 2-1

-Periodicity value Nd=1 has a special interpretation


	Simultaneous CQI and ACK/NACK on PUCCH

Yes

Absolute TPC command for PUSCH

No
Resource allocation type 1 for PDSCH
No

Periodic CSI Mode 2-0

Yes

Periodic CSI Mode 2-1

Yes


	21
	- Predefined intra- and inter-subframe frequency hopping for PUSCH with N_sb > 1

- Predefined inter-subframe frequency hopping for PUSCH with N_sb > 1
	Type 2 hopping has different initialization for the randomisation function between TDD and FDD
	Yes

	28
	- TTI bundling
	Different HARQ timing for PHICH and scheduling timing apply for FDD and TDD
	Yes

	29
	- Semi-Persistent Scheduling
	ACK/NACK feedback is uniquely defined for TDD in case the PF3 is configured and when the UE is receiving an SPS transmission and DL assignment with PDCCH with DAI=1 in the same ACK/NACK feedback window.

The parameter twoIntervalsConfig is only applicable for TDD
	Yes


Table 2: Applicable FGI bits from Rel-10

	Index of indicator
(bit number) [3]
	Definition

(description of the supported functionality, if indicator set to one) [3]
	Notes
	Comment
	Separate indication is needed [Yes/No]

	101 (leftmost bit)
	- DMRS with OCC (orthogonal cover code) and SGH (sequence group hopping) disabling
	- if the UE supports two or more layers for spatial multiplexing in UL, this bit shall be set to 1.
	No difference
	No

	102
	- Trigger type 1 SRS (aperiodic SRS) transmission (Up to X ports)

NOTE: X = number of supported layers on given band
	
	Different DCI format can contain aperiodic SRS trigger for FDD and TDD
	Yes

	103
	- PDSCH transmission mode 9 when up to 4 CSI reference signal ports are configured
	- for Category 8 UEs, this bit shall be set to 1.
	No difference
	No

	104
	- PDSCH transmission mode 9 for TDD when 8 CSI reference signal ports are configured
	- if the UE does not support TDD, this bit is irrelevant (capability signalling exists for FDD for this feature), and this bit shall be set to 0.

- for Category 8 UEs, this bit shall be set to 1.
	Only applicable for TDD
	No

	105
	- Periodic CQI/PMI/RI reporting on PUCCH: Mode 2-0 – UE selected subband CQI without PMI, when PDSCH transmission mode 9 is configured

- Periodic CQI/PMI/RI reporting on PUCCH: Mode 2-1 – UE selected subband CQI with single PMI, when PDSCH transmission mode 9 and up to 4 CSI reference signal ports are configured
	- this bit can be set to 1 only if indices 2 (Table B.1-1) and 103 are set to 1.
	No difference
	No

	106
	- Periodic CQI/PMI/RI/PTI reporting on PUCCH: Mode 2-1 – UE selected subband CQI with single PMI, when PDSCH transmission mode 9 and 8 CSI reference signal ports are configured
	- this bit can be set to 1 only if the UE supports PDSCH transmission mode 9 with 8 CSI reference signal ports (i.e., for TDD, if index 104 is set to 1, and for FDD, if tm9-With-8Tx-FDD-r10 is set to ‘supported’) and if index 2 (Table B.1-1) is set to 1.
	No difference
	No


	107
	- Aperiodic CQI/PMI/RI reporting on PUSCH: Mode 2-0 – UE selected subband CQI without PMI, when PDSCH transmission mode 9 is configured

- Aperiodic CQI/PMI/RI reporting on PUSCH: Mode 2-2 – UE selected subband CQI with multiple PMI, when PDSCH transmission mode 9 and up to 4 CSI reference signal ports are configured
	- this bit can be set to 1 only if indices 1 (Table B.1-1) and 103 are set to 1.
	No difference
	No

	108
	- Aperiodic CQI/PMI/RI reporting on PUSCH: Mode 2-2 – UE selected subband CQI with multiple PMI, when PDSCH transmission mode 9 and 8 CSI reference signal ports are configured
	- this bit can be set to 1 only if the UE supports PDSCH transmission mode 9 with 8 CSI reference signal ports (i.e., for TDD, if index 104 is set to 1, and for FDD, if tm9-With-8Tx-FDD-r10 is set to ‘supported’) and if index 1 (Table B.1-1) is set to 1.
	No difference
	No

	109
	- Periodic CQI/PMI/RI reporting on PUCCH Mode 1-1, submode 1
	- this bit can be set to 1 only if the UE supports PDSCH transmission mode 9 with 8 CSI reference signal ports (i.e., for TDD, if index 104 is set to 1, and for FDD, if tm9-With-8Tx-FDD-r10 is set to ‘supported’).
	No difference
	No

	110
	- Periodic CQI/PMI/RI reporting on PUCCH Mode 1-1, submode 2
	- this bit can be set to 1 only if the UE supports PDSCH transmission mode 9 with 8 CSI reference signal ports (i.e., for TDD, if index 104 is set to 1, and for FDD, if tm9-With-8Tx-FDD-r10 is set to ‘supported’).
	No difference
	No

	113
	- Trigger type 0 SRS (periodic SRS) transmission on X Serving Cells

NOTE: X = number of supported component carriers in a given band combination
	- this bit can be set to 1 only if the UE supports carrier aggregation in UL.
	No difference
	No

	115
	- time domain ICIC RLM/RRM measurement subframe restriction for the serving cell

- time domain ICIC RRM measurement subframe restriction for neighbour cells

- time domain ICIC CSI measurement subframe restriction
	
	No difference
	No

	116
	- Relative transmit phase continuity for spatial multiplexing in UL
	- this bit can be set to 1 only if the UE supports two or more layers for spatial multiplexing in UL.
	No difference
	No


Table 3: Capabilities of Rel-8
	Parameter [2]
	Description [2]
	Comment
	Separate indication is needed [Yes/No]

	ue-TxAntennaSelectionSupported
	This field defines whether the UE supports transmit antenna selection.
	No difference
	No

	ue-SpecificRefSigsSupported
	This field defines whether the UE supports PDSCH transmission mode 7 for FDD.
	Only FDD capability
	No


Table 4: Capabilities of Rel-9

	Parameter [2]
	Description [2]
	Comment
	Separate indication is needed [Yes/No]

	enhancedDualLayerFDD
	This field defines whether the UE supports enhanced dual layer (PDSCH transmission mode 8) for FDD.
	Only FDD capability
	No

	enhancedDualLayerTDD
	This field defines whether the UE supports enhanced dual layer (PDSCH transmission mode 8) for TDD. Enhanced dual layer shall be supported by UEs of this version of the specification supporting TDD.
	Only TDD capability
	No


Table 5: Capabilities of Rel-10

	Parameter [2]
	Description [2]
	Comment
	Separate indication is needed [Yes/No]

	supportedMIMO-CapabilityUL-r10
	This field defines the number of spatial multiplexing layers in the uplink direction in a certain supportedBandCombination supported by the UE.
	Band is either TDD or FDD
	No

	supportedMIMO-CapabilityDL-r10
	This field defines the number of spatial multiplexing layers in the downlink direction in a certain supportedBandCombination supported by the UE. 
The support for more layers in supportedMIMO-CapabilityDL than given by the “maximum number of supported layers for spatial multiplexing in DL” derived from the ue-Category in the UE-EUTRA-Capability IE is only applicable to transmission mode 9.
	Band is either TDD or FDD
	No

	two-AntennaPortsForPUCCH-r10
	This field defines whether the UE supports transmit diversity for PUCCH formats 1/1a/1b/2/2a/2b, and if the UE supports PUCCH format 3, transmit diversity for PUCCH format 3.
	No difference 
	No

	tm9-With-8Tx-FDD-r10
	This field defines whether the UE supports PDSCH transmission mode 9 with 8 CSI reference signal ports for FDD.
	Only FDD
	No

	pmi-Disabling-r10
	This field defines whether the UE supports PMI disabling.
	No difference
	No

	crossCarrierScheduling-r10
	This field defines whether the UE supports cross carrier scheduling operation for carrier aggregation, including (if the UE supports carrier aggregation in UL) the use of PCell as the pathloss reference for a SCell when pathlossReference-r10 within UplinkPowerControlDedicatedSCell-r10 is configured as “pCell”.

NOTE:
Regardless of whether the UE supports cross carrier scheduling operation or not, it is mandatory for a UE supporting carrier aggregation in UL to support the configuration where pathlossReference-r10 within UplinkPowerControlDedicatedSCell-r10 is set to “sCell”.
	No difference
	No

	simultaneousPUCCH-PUSCH-r10
	This field defines whether the UE baseband supports simultaneous transmission of PUCCH and PUSCH, and is band agnostic. If the UE indicates support of baseband capability for simultaneous transmission of PUCCH and PUSCH using this field, and if the UE indicates support of RF capability for non-contiguous UL resource allocation within a component carrier for a particular E-UTRA radio frequency band, then the UE supports simultaneous transmission of PUCCH and PUSCH within each component carrier of the band. If the UE indicates support of baseband capability for simultaneous transmission of PUCCH and PUSCH using this field, and if the UE indicates support of carrier aggregation in UL, then the UE supports simultaneous transmission of PUCCH and PUSCH across any UL component carriers which the UE can aggregate.
	No difference
	No

	multiClusterPUSCH-WithinCC-r10
	This field defines whether the UE baseband supports multi-cluster PUSCH transmission within a component carrier (i.e. PUSCH resource allocation type 1), and is band agnostic. If the UE indicates support of baseband capability for multi-cluster PUSCH transmission within a component carrier using this field, and if the UE indicates support of RF capability for non-contiguous UL resource allocation within a component carrier for a particular E-UTRA radio frequency band, then the UE supports multi-cluster PUSCH transmission within each component carrier of the band.

NOTE:
If the UE indicates support of carrier aggregation in UL, then the UE supports PUSCH transmissions over non-contiguous resource blocks across any UL component carriers which the UE can aggregate, regardless of whether or not the UE indicates support of baseband capability for multi-cluster PUSCH transmission within a component carrier using this field.
	No difference
	No

	nonContiguousUL-RA-WithinCC-Info-r10
	This field defines whether the UE RF supports non-contiguous UL resource allocations within a component carrier, and is signalled per E-UTRA radio frequency band which the UE supports.

	No difference
	No


3. Conclusion

In this contribution we discuss whether some of the indicated FGI bits or UE capabilities could be allowed to be different for dual duplex mode UEs. 
Based on the discussion about FGI bits, we have identified that the following features could be allowed to be different for dual duplex mode UEs.
· Simultaneous CQI and ACK/NACK on PUCCH, i.e. PUCCH format 2a and 2b
· Periodic CQI/PMI/RI reporting on PUCCH: Mode 2-0 – UE selected subband CQI without PMI
· Periodic CQI/PMI/RI reporting on PUCCH: Mode 2-1 – UE selected subband CQI with single PMI
· Predefined intra- and inter-subframe frequency hopping for PUSCH with N_sb > 1

· Predefined inter-subframe frequency hopping for PUSCH with N_sb > 1

· TTI bundling
· Semi-Persistent Scheduling

· Trigger type 1 SRS (aperiodic SRS) transmission (Up to X ports)

Based on the discussion about UE capabilities, our conclusion is that

· RAN1 did not identify any UE capability that could be allowed to be different for dual duplex mode UEs 

We propose to indicate the above answer in an LS reply to RAN and other affected WGs.
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