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Discussion 
1 Introduction

FGI bit handling for FDD/TDD dual mode UE has been briefly discussed last meeting. A common understanding seems that reporting IOT test status separately is in general beneficial. To progress, the contribution discusses further issues e.g. which FGIs need to be reported separately etc. 
2 Discussion 
If dual mode UE set a FGI bit one, it means the corresponding feature group is supported and IOT tested both in FDD and in TDD. As seen in Annex, some FGIs clearly require separate reporting of IOT test status because they work differently in different mode;

· FGI 28 on TTI bundling which works very differently in FDD and TDD
· FGI 29 on Semi-Persistent Scheduling where additional function e.g. twoIntervalConfig exists for TDD

Some of FGIs especially mobility related ones would be better with separate reporting of IOT test status. For example;
· FGI 25 on inter-frequency measurement and reporting in E-UTRA connected mode

· If dual mode UE set it 1, it means that UE has IOT tested following 4 cases

· FDD to FDD inter-frequency measurement

· FDD to TDD inter-frequency measurement

· TDD to TDD inter-frequency measurement

· TDD to FDD inter-frequency measurement
· If dual mode UE report IOT status separately, the FGI bit would mean less which may reduce the blocking probability (i.e. a FGI bit cannot be set to 1 because part of IOT test has not been performed)  
· Other mobility related FGI bits such as FGI 8, FGI 9, FGI 10, FGI 11 and so on can be considered falling into the same category as FGI 25

Other FGIs representing feature groups working exactly same in both modes would still requires separate reporting because of following reasons;
· IOT test is the process involving many other aspects than the function itself.
· Hence even if a feature group does not work differently in both modes, it may be safe (and would be required by operators) to have IOT test separately

Considering above, we believe IOT test will need to be performed separately for each mode for considerable part of feature groups.  

IOT testability in general increases with time and is different between modes. For example IOT test chance for FGI 29 (SPS) would be available for FDD while not for TDD until some point of time. Hence if we use a single FGI bit common for FDD and TDD, there could be a blocking problem (i.e. IOT for FGI x is tested for FDD but not for TDD, then UE cannot set the bit to one).

Given that some FGIs need to be reported separately, the question is which ones are those for separate reporting. It may not be an easy task to classify FGI bits. Considering that trying to figure out FIG bits not subject for separate reporting is only for saving tens of bits per UEInformationResponse, simplest approach is to signal two complete set of FGI bits; one for FDD and the other for TDD.
Proposal 1: FDD/TDD dual mode UE reports two set of FGI bits; one for FDD and the other for TDD.
Proposal 2: FDD FGI bits/TDD FGI bits indicate whether the corresponding feature groups are IOT tested in the FDD bands/TDD bands respectively.

REL-8/9 UE reports only one set of FGI bits, which is located in UE-EUTRA-Capability. If REL-10 FDD/TDD UE reports two set of FGI bits, the question is how to make it sure that rel-8/9 ENB understand the information which is supposed to be understood. One simple solution is to locate one set in the legacy branch and the other in the extension branch so that ENB understands at least the one in the legacy branch. More specifically;
· If connected to FDD network, dual mode UE includes the FDD FGI bits in UE-EUTRA-Capability and the TDD FGI bits in the extension part

· If connected to TDD network, dual mode UE includes the TDD FGI bits in UE-EUTRA-Capability and the FDD FGI bits in the extension part.
Proposal 3: FDD/TDD dual mode UE determines which mode of FGI bits to be placed in the legacy information branch and which in the extension part depending on the mode of the serving network at the time when UE reports its capability. 

For dual mode UE, setting mobility related IOT bit to one means that corresponding features are tested both in FDD and in TDD which may not always be true. As discussed in the first proposal, it can be solved by sending two set of complete FGI bits; one for FDD and the other for TDD. To make the solution complete, it is desirable to separate the FDD bands and TDD bands in the separate information element like FGI bits. Otherwise, FGI definition may become strange such that a certain feature groups are supported only part of supported bands but legacy ENB could interpret the meaning wrongly. For example, if UE set FGI 27 to one in FDD FGI, it means that the inter-RAT handover to UTRA is IOT tested in FDD bands provided that the proposal 1 is agreed. However if UE declare support of both FDD bands and TDD bands in a manner that legacy ENB can understand, it could be interpreted by the legacy ENB that it is IOT tested in TDD bands as well, which is not true. To avoid such kind of misinterpretation, it is desirable to place the irrelevant bands in the placeholder which is incomprehensible to the legacy ENB.  

Proposal 4: FDD/TDD dual mode UE determines which mode of bands to be placed in the legacy information branch and which in the extension part depending on the mode of the serving network at the time when UE reports its capability.
The discussion needs to be extended to optional features because UE indicates it support a certain optional feature only if it is IOT tested. Currently following optional features have corresponding capability bits in UECapabilityInformation.
· dtm-r9

· e-CSFB-1XRTT-r9

· e-CSFB-ConcPS-Mob1XRTT-r9

· e-CSFB-dual-1XRTT-r10

· enhancedDualLayerFDD-r9

· enhancedDualLayerTDD-r9

· e-RedirectionUTRA-TDD-r10

· intraFreqProximityIndication-r9

· interFreqProximityIndication-r9

· utran-ProximityIndication-r9

· intraFreqSI-AcquisitionForHO-r9

· interFreqSI-AcquisitionForHO-r9

· utran-SI-AcquisitionForHO-r9

· interRAT-PS-HO-ToGERAN

· loggedMeasurementsIdle-r10

· twoAntennaPortsForPUCCH-r10

· tm9-With-8Tx-FDD-r10

· pmi-Disabling-r10

· crossCarrierScheduling-r10

· simultaneousPUCCH-PUSCH-r10

· multiClusterPUSCH-WithinCC-r10

· nonContiguousUL-RA-WithinCC-List-r10

· ue-TxAntennaSelectionSupported

· ue-SpecificRefSigsSupported
The same principle should be applied here that support of (and the IOT status of) optional feature shall be declared separately for FDD and TDD. 
Proposal 5: FDD/TDD dual mode UE reports capability bits twice; one for FDD and the other for TDD.

Proposal 6: FDD/TDD dual mode UE determines which mode of capability bits to be placed in the legacy information branch and which in the extension part depending on the mode of the serving network at the time when UE reports its capability.
Alternative way

To capture proposal 1 ~ 6 into the specification, there would be huge impact to ASN.1. Moreover, it may require difficult maintenance effort for future releases (whenever new optional feature comes, not only the capability bit but also additional IE to indicate support in other mode are to be introduced). 

An alternative way to overcome above drawbacks could be considered. The difficult part of this issue is to pick and manage IEs to be placed in the extension field. Then even though inefficient in signalling cost point of view, having exactly same set of information would be a way to detour the obstacle. The basic idea is shown in the figure. 
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· When dual mode UE is requested for UE capability information by the xDD network, UE reports two UE-EUTRA-Capability’s; one for xDD (i.e. only xDD bands are included and other IEs are coded with only xDD bands considered) and the other for both modes (i.e. all bands are included and other IEs are coded with all bands considered).

· For backward compatibility, new rat-Type (e.g. eutra 2) is defined. UE-EUTRA-Capability for both modes is identified by new rat-Type thus not understood by legacy network.

With this approach, results will be a bit different from the first approach. In the first approach, FGI and other relevant capabilities are completely separated for FDD and TDD. In the alternative approach, FGI and other relevant capabilities are separate for FDD, TDD and both as shown below.
<Table 1>

	
	1st approach
	Alternative approach

	Connected to the FDD network
	FDD FGI, FDD capability bits, FDD bands in the legacy part
TDD FGI, TDD capability bits, TDD bands in the new part
	FDD FGI, FDD capability bits, FDD bands etc in the legacy part
FDD/TDD FGI, FDD/TDD capability bits, FDD/TDD bands in the new part

	Connected to the TDD network
	TDD FGI, TDD capability bits, TDD bands in the legacy part
FDD FGI, FDD capability bits, FDD bands in the new part
	TDD FGI, TDD capability bits, TDD bands etc in legacy UE-EUTRA-Capability
FDD/TDD FGI, FDD/TDD capability bits, FDD/TDD bands in the new part


In principle the 1st approach provides more precise information. However the alternative approach provides sufficiently useful information. For example, if FGI x is reported as ‘1’ in FDD part and as ‘0’ in FDD/TDD part, NW can interpret it as ‘0’ for TDD part.
Proposal 7: When dual mode UE is requested for UE capability information by the xDD network, UE reports two UE-EUTRA-Capability’s; one for xDD and the other for both modes.
3 Conclusion
Followings are proposed;
Proposal 1: FDD/TDD dual mode UE reports two set of FGI bits; one for FDD and the other for TDD.
Proposal 2: FDD FGI bits/TDD FGI bits indicate whether the corresponding feature groups are IOT tested in the FDD bands/TDD bands respectively.

Proposal 3: FDD/TDD dual mode UE determines which mode of FGI bits to be placed in the legacy information branch and which in the extension part depending on the mode of the serving network at the time when UE reports its capability. 

Proposal 4: FDD/TDD dual mode UE determines which mode of bands to be placed in the legacy information branch and which in the extension part depending on the mode of the serving network at the time when UE reports its capability.
Proposal 5: FDD/TDD dual mode UE reports capability bits twice; one for FDD and the other for TDD.

Proposal 6: FDD/TDD dual mode UE determines which mode of capability bits to be placed in the legacy information branch and which in the extension part depending on the mode of the serving network at the time when UE reports its capability.
Draft CR to capture above proposals is in [1]. To minimize the maintenance jobs and ASN.1 impact, alternative approach is proposed as well.

Proposal 7: When dual mode UE is requested for UE capability information by the xDD network, UE reports two ‘UE-EUTRA-Capability’s; one for xDD and the other for both modes.
Draft CR to capture proposal 7 is in [2]. It is proposed to discuss which one to adopt.
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Annex
Functional difference
<Table 2> FDD/TDD functional difference

	Index of indicator (bit number)
	Definition

(description of the supported functionality, if indicator set to one)
	Functional difference 

	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
	None 

	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
	None

	3
	- 5bit RLC UM SN

- 7bit PDCP SN
	None

	4
	- Short DRX cycle
	Small difference

The intention has been to have common DRX operation between FDD and TDD. However there are small difference in PDCCH-subframe definition and HARQ RTT Timer. The difference in DRX operation of view seems trivial(UE monitors PDCCH for PDCCH-subframes during active time).

FDD

TDD

PDCCH-subframe

All subframe

Downlink subframe and the one including DwPTS

HARQ RTT Timer

Single value of 8

k + 4 while k is defined in 36.213



	5
	- Long DRX cycle

- DRX command MAC control element
	Small difference as Short DRX cycle

	6
	- Prioritised bit rate
	None

	7
	- RLC UM
	None

	8
	- EUTRA RRC_CONNECTED to UTRA CELL_DCH PS handover
	None in specification perspective


	9
	- EUTRA RRC_CONNECTED to GERAN GSM_Dedicated handover
	None in specification perspective


	10
	- EUTRA RRC_CONNECTED to GERAN (Packet_) Idle by Cell Change Order

- EUTRA RRC_CONNECTED to GERAN (Packet_) Idle by Cell Change Order with NACC (Network Assisted Cell Change)
	None in specification perspective


	11
	- EUTRA RRC_CONNECTED to CDMA2000 1xRTT CS Active handover
	None in specification perspective


	12
	- EUTRA RRC_CONNECTED to CDMA2000 HRPD Active handover
	None in specification perspective


	13
	- Inter-frequency handover (within FDD or TDD)
	Not applicable 

	14
	- Measurement reporting event: Event A4 – Neighbour > threshold

- Measurement reporting event: Event A5 – Serving < threshold1 & Neighbour > threshold2
	None in specification perspective


	15
	- Measurement reporting event: Event B1 – Neighbour > threshold
	None in specification perspective


	16
	- non-ANR related intra-frequency periodical measurement reporting;

- non-ANR related inter-frequency periodical measurement reporting, if the UE has set bit number 25 to 1; and

- non-ANR related inter-RAT periodical measurement reporting for UTRAN, GERAN, 1xRTT or HRPD, if the UE has set bit number 22, 23, 24 or 26 to 1, respectively.

NOTE: “non-ANR related periodical measurement reporting” corresponds only to periodical trigger type with purpose set to reportStrongestCells. Event triggered periodical reporting (i.e., event trigger type with reportAmount > 1) is a mandatory functionality of event triggered reporting and therefore not the subject of this bit.
	None in specification perspective


	17
	- Periodical measurement reporting for SON / ANR

- ANR related intra-frequency measurement reporting events
	None in specification perspective


	18
	- ANR related inter-frequency measurement reporting events
	None in specification perspective


	19
	- ANR related inter-RAT measurement reporting events
	None in specification perspective


	20
	If bit number 7 is set to 0:

- SRB1 and SRB2 for DCCH + 8x AM DRB

If bit number 7 is set to 1:

- SRB1 and SRB2 for DCCH + 8x AM DRB

- SRB1 and SRB2 for DCCH + 5x AM DRB + 3x UM DRB

NOTE: UE which indicate support for a DRB combination also support all subsets of the DRB combination. Therefore, release of DRB(s) never results in an unsupported DRB combination.


	None 


	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
	None

	22
	- UTRAN measurements, reporting and measurement reporting event B2 in E-UTRA connected mode
	None in specification perspective


	23
	- GERAN measurements, reporting and measurement reporting event B2 in E-UTRA connected mode
	None in specification perspective


	24
	- 1xRTT measurements, reporting and measurement reporting event B2 in E-UTRA connected mode
	None in specification perspective


	25
	- Inter-frequency measurements and reporting in E-UTRA connected mode

NOTE: The UE setting this bit to 1 and indicating support for FDD and TDD frequency bands in the UE capability signalling implements and is tested for FDD measurements while the UE is in TDD, and for TDD measurements while the UE is in FDD


	None in specification perspective


	26
	- HRPD measurements, reporting and measurement reporting event B2 in E-UTRA connected mode
	None in specification perspective


	27
	- EUTRA RRC_CONNECTED to UTRA CELL_DCH CS handover
	None in specification perspective


	28
	- TTI bundling
	TTI bundling works differently in e.g. feedback timing. 

	29
	- Semi-Persistent Scheduling
	TDD SPS is different from FDD SPS in e.g. twoIntervalConfig

	30
	- Handover between FDD and TDD
	Not applicable

	31
	Undefined
	

	32
	Undefined
	

	101 (leftmost bit)
	- DMRS with OCC (orthogonal cover code) and SGH (sequence group hopping) disabling
	None

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

NOTE: X = number of supported layers on given band
	None

	103
	- PDSCH transmission mode 9 when up to 4 CSI reference signal ports are configured
	None.

	104
	- PDSCH transmission mode 9 for TDD when 8 CSI reference signal ports are configured
	Not applicable (TDD specific) 

	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
	None

	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
	None

	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
	None

	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
	None

	109
	- Periodic CQI/PMI/RI reporting on PUCCH Mode 1-1, submode 1
	None

	110
	- Periodic CQI/PMI/RI reporting on PUCCH Mode 1-1, submode 2
	None

	111
	- Measurement reporting trigger Event A6
	None

	112
	- SCell addition within the Handover to EUTRA procedure
	None in specification perspective

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

NOTE: X = number of supported component carriers in a given band combination
	None

	114
	- Reporting of both UTRA CPICH RSCP and Ec/N0 in a Measurement Report
	None

	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
	None

	116
	- Relative transmit phase continuity for spatial multiplexing in UL
	None

	117
	Undefined
	

	118
	Undefined
	

	119
	Undefined
	

	120
	Undefined
	

	121
	Undefined
	

	122
	Undefined
	

	123
	Undefined
	

	124
	Undefined
	

	125
	Undefined
	

	126
	Undefined
	

	127
	Undefined
	

	128
	Undefined
	

	129
	Undefined
	

	130
	Undefined
	

	131
	Undefined
	

	132
	Undefined
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