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1. Introduction

What current FGI 13 indicates is unclear in current specification. For exmaple, since MTC use cases are so various, we assume that some Cat.M1 UEs would support mobility with the following capabilities:
· Mode A is supported only
· Inter-frequency handover is supported

Because FGI 13 associated with inter-frequency handover is used to indicate whether to simply support the inter-frequency handover for Cat.M1 UE, it is impossible to exactly indicate whether the UE when operating in CE Mode A supports inter-frequency handover.  
FGI 25 corresponding to inter-frequency measurements covers all events for both periodic and event-triggered reporting. The capability for the inter-frequency measurements can be further classified as an optimization.
This paper will discuss FGI and IoT bits for inter-frequency handover and measurements.
2. Discussion
In Rel-13 eMTC, RAN2 discussed FGI/IoT bits to indicate UE capabilities on intra-/inter-frequency handover.

For the intra-frequency handover, RAN2 defined new IoT bits as follows:

CE-Parameters-v1320 ::=             SEQUENCE {
      intraFreqA3-CE-ModeA-r13                             ENUMERATED {supported}                     OPTIONAL,

      intraFreqA3-CE-ModeB-r13                             ENUMERATED {supported}                     OPTIONAL,

      intraFreqHO-CE-ModeA-r13                             ENUMERATED {supported}                     OPTIONAL,

      intraFreqHO-CE-ModeB-r13                             ENUMERATED {supported}                     OPTIONAL

}

With the IoT bits, Cat.M1 UE can indicate its capability for intra-frequency handover and measurements while separating Mode A and B. 
On the other hand, for inter-frequency handover, RAN2 simply modified the current FGI bits as follows: 

	Index of indicator (bit number)
	Definition

(description of the supported functionality, if indicator set to one)
	Notes
	If indicated "Yes" the feature shall be implemented and successfully tested for this version of the specification
	FDD/ TDD diff

	13
	- Inter-frequency handover (within FDD or TDD)
	- can only be set to 1 if the UE has set bit number 25 to 1
	Yes (except for category M1 UE), unless UE only supports band 13
	No

	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.
	- If a category M1 UE does not support this feature group, this bit shall be set to 0.
	Yes, unless UE only supports band 13
	No


If we consider the inter-frequency handover for Cat.M1 UE, the current FGIs are not perfect. Firstly, what FGI 13 indicates seems unclear. As explained above, the capability for Mode A and B cannot be classified in the FGI 13. Accordingly, the following interpretations are possible:

Interpretation 1 FGI 13 indicates the inter-freq HO support (intra XDD mode) for all CE modes supported by UE
Interpretation 2 FGI 13 indicates the inter-freq HO support for mode A only
And, RAN2 needs to confirm one of the candidates above. We assume a NOTE on FGI13 can be added for the clarification. Depending on the interpretation to be confirmed, we need to define a new IoT bit for inter-frequency handover. Accordingly, we would like to suggest two options:
	
	Interpretation
	New IoT bit
	Note

	Option 1
	(1)
	a IoT bit indicating whether the UE when operating in CE Mode A supports inter-frequency handover
	The IoT bit can be set to true even if FGI 13 is set to false. In that case, UE supports inter-frequency handover for Mode A only.

	Option 2
	(2)
	a IoT bit indicating whether the UE when operating in CE Mode B supports inter-frequency handover
	If the IoT bit can be set to true, FGI 13 has to be set to ture because UE capable of Mode B also supports Mode A.


It is suggested for RAN2 to discuss the new IoT bit introduced above. With the combination of FGI13 and new IoT bit, Cat.M1 UE can inform the eNB of its capability for inter-frequency handover.
FGI 25 is optional for Cat.M1. If current FGI 25 is set to ture, the Cat.M1 UE supports the inter-frequency measurements for all events. We have no intention to modify the definition of current FGI25. On the other hand, we assume that some Cat.M1 UEs can support a particular Event only, e.g. Event A3. As an optimization, new IoT bits can be used to indicate whether the UE when operating in CE Mode A and B supports eventA3 for inter-frequency neighbouring cells, similar to the IoT bits for intra-frequency measurement, i.e. intraFreqA3-CE-ModeA and intraFreqA3-CE-ModeB. So, we would like to suggest two IoT bits for inter-frequency measurement, i.e. 
interFreqA3-CE-ModeA and interFreqA3-CE-ModeB.

The new IoT bits means:

	interFreqA3-CE-ModeA
	Indicates whether the UE when operating in CE Mode A supports eventA3 for inter-frequency neighbouring cells.

	interFreqA3-CE-ModeB
	Indicates whether the UE when operating in CE Mode B supports eventA3 for inter-frequency neighbouring cells.


3. Conclusion
If the inter-frequency handover is exactly supported for Cat.M1 UE, It is proposed that
Proposal 1: In order to indicate the capability for inter-frequency handover, RAN2 to confirm one of the following options:
Option 1: FGI 13 indicates the inter-freq HO support (intra XDD mode) for all CE modes supported by UE. And define a IoT bit indicating whether the UE when operating in CE Mode A supports inter-frequency handover
Option 2: FGI 13 indicates the inter-freq HO support for mode A only. And define a IoT bit indicating whether the UE when operating in CE Mode B supports inter-frequency handover
Proposal 2: In order to indicate the capability for inter-frequency measurement, RAN2 to confirm the following option:
FGI 25 keeps current definition (i.e. it covers capability for all events). And define new IoT bits indicating whether the UE when operating in CE Mode A and B supports eventA3 for inter-frequency neighbouring cells
A CR corresponding to Option 1 is R2-167900, and that corresponding to Option 2 is R2-167901.

Both CRs includes new IoT bits associated with inter-frequency measurement.

According to RAN2 preference, one of CRs can be discussed.
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5. Annex
For your convenience, the changed in TS36.331are captured for option 1 and 2, respectively:
(1) Option 1

· FGI 13 indicates the inter-freq HO support (intra XDD mode) for all CE modes supported by UE. For clarification, a NOTE is added

· define a IoT bit indicating whether the UE when operating in CE Mode A supports inter-frequency handover
· define new IoT bits indicating whether the UE when operating in CE Mode A and B supports eventA3 for inter-frequency neighbouring cells
6.3.6
Other information elements

*** skipped the unchanged ***
–
UE-EUTRA-Capability
The IE UE-EUTRA-Capability is used to convey the E-UTRA UE Radio Access Capability Parameters, see TS 36.306 [5], and the Feature Group Indicators for mandatory features (defined in Annexes B.1 and C.1) to the network. The IE UE-EUTRA-Capability is transferred in E-UTRA or in another RAT.

NOTE 0:
For (UE capability specific) guidelines on the use of keyword OPTIONAL, see Annex A.3.5.
UE-EUTRA-Capability information element

-- ASN1START

*** skipped the unchanged ***

CE-Parameters-r13 ::=

SEQUENCE {


ce-ModeA-r13





ENUMERATED {supported}



OPTIONAL,


ce-ModeB-r13





ENUMERATED {supported}



OPTIONAL
}

CE-Parameters-v1320 ::=

SEQUENCE {


intraFreqA3-CE-ModeA-r13



ENUMERATED {supported}



OPTIONAL,


intraFreqA3-CE-ModeB-r13



ENUMERATED {supported}



OPTIONAL,


intraFreqHO-CE-ModeA-r13



ENUMERATED {supported}



OPTIONAL,


intraFreqHO-CE-ModeB-r13



ENUMERATED {supported}



OPTIONAL

}

CE-Parameters-v1330 ::=

SEQUENCE {


interFreqA3-CE-ModeA-r13



ENUMERATED {supported}



OPTIONAL,


interFreqA3-CE-ModeB-r13



ENUMERATED {supported}



OPTIONAL,


interFreqHO-CE-ModeA-r13



ENUMERATED {supported}



OPTIONAL

}

*** skipped the unchanged ***

-- ASN1STOP

	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	intraFreqA3-CE-ModeA
Indicates whether the UE when operating in CE Mode A supports eventA3 for intra-frequency neighbouring cells.
	-

	intraFreqA3-CE-ModeB

Indicates whether the UE when operating in CE Mode B supports eventA3 for intra-frequency neighbouring cells.
	-

	intraFreq-CE-NeedForGaps
Indicates need for measurement gaps when operating in CE on the E‑UTRA band given by the entry in supportedBandListEUTRA.
	

	intraFreqHO-CE-ModeA
Indicates whether the UE when operating in CE Mode A supports intra-frequency handover.
	-

	intraFreqHO-CE-ModeB

Indicates whether the UE when operating in CE Mode B supports intra-frequency handover.
	-

	intraFreqProximityIndication

Indicates whether the UE supports proximity indication for intra-frequency E-UTRAN CSG member cells.
	-

	intraFreqSI-AcquisitionForHO

Indicates whether the UE supports, upon configuration of si-RequestForHO by the network, acquisition and reporting of relevant information using autonomous gaps by reading the SI from a neighbouring intra-frequency cell.
	Yes

	interFreqA3-CE-ModeA

Indicates whether the UE when operating in CE Mode A supports eventA3 for inter-frequency neighbouring cells.
	-

	interFreqA3-CE-ModeB

Indicates whether the UE when operating in CE Mode B supports eventA3 for inter-frequency neighbouring cells.
	-

	interFreqHO-CE-ModeA

Indicates whether the UE when operating in CE Mode A supports inter-frequency handover.
	-


*** skipped the unchanged ***

B.1
Feature group indicators

This annex contains the definitions of the bits in fields featureGroupIndicators (in Table B.1-1) and featureGroupIndRel9Add (in Table B.1-1a). 

In this release of the protocol, the UE shall include the fields featureGroupIndicators in the IE UE-EUTRA-Capability and featureGroupIndRel9Add in the IE UE-EUTRA-Capability-v9a0. All the functionalities defined within the field featureGroupIndicators defined in Table B.1-1 or Table B.1-1a are mandatory for the UE (with exceptions for category M1 UE), if the related capability (frequency band, RAT, SR-VCC or Inter-RAT ANR) is also supported. For a specific indicator, if all functionalities for a feature group listed in Table B.1-1 have been implemented and tested, the UE shall set the indicator as one (1), else (i.e. if any one of the functionalities in a feature group listed in Table B.1-1 or Table B.1-1a, which have not been implemented or tested), the UE shall set the indicator as zero (0).

The UE shall set all indicators that correspond to RATs not supported by the UE as zero (0).

The UE shall set all indicators, which do not have a definition in Table B.1-1 or Table B.1-1a, as zero (0).

If the optional fields featureGroupIndicators or featureGroupIndRel9Add are not included by a UE of a future release, the network may assume that all features pertaining to the RATs supported by the UE, respectively listed in Table B.1-1 or Table B.1-1a and deployed in the network, have been implemented and tested by the UE.

In Table B.1-1, a 'VoLTE capable UE' corresponds to a UE which is IMS voice capable and a ‘MCPTT capable UE’ corresponds to a UE which supports MCPTT voice application as defined in TS 23.179 [73].

The indexing in Table B.1-1a starts from index 33, which is the leftmost bit in the field featureGroupIndRel9Add.

Table B.1-1: Definitions of feature group indicators

	Index of indicator (bit number)
	Definition

(description of the supported functionality, if indicator set to one)
	Notes
	If indicated "Yes" the feature shall be implemented and successfully tested for this version of the specification
	FDD/ TDD diff

	13
	- Inter-frequency handover (within FDD or TDD)
NOTE: If a category M1 UE set this bit to 1, it supports inter-frequency handover for both Mode A and B.
	- can only be set to 1 if the UE has set bit number 25 to 1
	Yes (except for category M1 UE), unless UE only supports band 13
	No

	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.
	- If a category M1 UE does not support this feature group, this bit shall be set to 0.
	Yes, unless UE only supports band 13
	No


(1) Option 2
· FGI 13 indicates the inter-freq HO support for mode A only. For clarification, a NOTE is added.
· define a IoT bit indicating whether the UE when operating in CE Mode B supports inter-frequency handover

· define new IoT bits indicating whether the UE when operating in CE Mode A and B supports eventA3 for inter-frequency neighbouring cells
6.3.6
Other information elements

*** skipped the unchanged ***

–
UE-EUTRA-Capability
The IE UE-EUTRA-Capability is used to convey the E-UTRA UE Radio Access Capability Parameters, see TS 36.306 [5], and the Feature Group Indicators for mandatory features (defined in Annexes B.1 and C.1) to the network. The IE UE-EUTRA-Capability is transferred in E-UTRA or in another RAT.

NOTE 0:
For (UE capability specific) guidelines on the use of keyword OPTIONAL, see Annex A.3.5.
UE-EUTRA-Capability information element

-- ASN1START

*** skipped the unchanged ***

CE-Parameters-r13 ::=

SEQUENCE {


ce-ModeA-r13





ENUMERATED {supported}



OPTIONAL,


ce-ModeB-r13





ENUMERATED {supported}



OPTIONAL
}

CE-Parameters-v1320 ::=

SEQUENCE {


intraFreqA3-CE-ModeA-r13



ENUMERATED {supported}



OPTIONAL,


intraFreqA3-CE-ModeB-r13



ENUMERATED {supported}



OPTIONAL,


intraFreqHO-CE-ModeA-r13



ENUMERATED {supported}



OPTIONAL,


intraFreqHO-CE-ModeB-r13



ENUMERATED {supported}



OPTIONAL

}

CE-Parameters-v1330 ::=

SEQUENCE {


interFreqA3-CE-ModeA-r13



ENUMERATED {supported}



OPTIONAL,


interFreqA3-CE-ModeB-r13



ENUMERATED {supported}



OPTIONAL,


interFreqHO-CE-ModeB-r13



ENUMERATED {supported}



OPTIONAL

}

*** skipped the unchanged ***

-- ASN1STOP

	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	intraFreqA3-CE-ModeA
Indicates whether the UE when operating in CE Mode A supports eventA3 for intra-frequency neighbouring cells.
	-

	intraFreqA3-CE-ModeB

Indicates whether the UE when operating in CE Mode B supports eventA3 for intra-frequency neighbouring cells.
	-

	intraFreq-CE-NeedForGaps
Indicates need for measurement gaps when operating in CE on the E‑UTRA band given by the entry in supportedBandListEUTRA.
	

	intraFreqHO-CE-ModeA
Indicates whether the UE when operating in CE Mode A supports intra-frequency handover.
	-

	intraFreqHO-CE-ModeB

Indicates whether the UE when operating in CE Mode B supports intra-frequency handover.
	-

	intraFreqProximityIndication

Indicates whether the UE supports proximity indication for intra-frequency E-UTRAN CSG member cells.
	-

	intraFreqSI-AcquisitionForHO

Indicates whether the UE supports, upon configuration of si-RequestForHO by the network, acquisition and reporting of relevant information using autonomous gaps by reading the SI from a neighbouring intra-frequency cell.
	Yes

	interFreqA3-CE-ModeA

Indicates whether the UE when operating in CE Mode A supports eventA3 for inter-frequency neighbouring cells.
	-

	interFreqA3-CE-ModeB

Indicates whether the UE when operating in CE Mode B supports eventA3 for inter-frequency neighbouring cells.
	-

	interFreqHO-CE-ModeB
Indicates whether the UE when operating in CE Mode B supports inter-frequency handover.
	-


*** skipped the unchanged ***

B.1
Feature group indicators

This annex contains the definitions of the bits in fields featureGroupIndicators (in Table B.1-1) and featureGroupIndRel9Add (in Table B.1-1a). 

In this release of the protocol, the UE shall include the fields featureGroupIndicators in the IE UE-EUTRA-Capability and featureGroupIndRel9Add in the IE UE-EUTRA-Capability-v9a0. All the functionalities defined within the field featureGroupIndicators defined in Table B.1-1 or Table B.1-1a are mandatory for the UE (with exceptions for category M1 UE), if the related capability (frequency band, RAT, SR-VCC or Inter-RAT ANR) is also supported. For a specific indicator, if all functionalities for a feature group listed in Table B.1-1 have been implemented and tested, the UE shall set the indicator as one (1), else (i.e. if any one of the functionalities in a feature group listed in Table B.1-1 or Table B.1-1a, which have not been implemented or tested), the UE shall set the indicator as zero (0).

The UE shall set all indicators that correspond to RATs not supported by the UE as zero (0).

The UE shall set all indicators, which do not have a definition in Table B.1-1 or Table B.1-1a, as zero (0).

If the optional fields featureGroupIndicators or featureGroupIndRel9Add are not included by a UE of a future release, the network may assume that all features pertaining to the RATs supported by the UE, respectively listed in Table B.1-1 or Table B.1-1a and deployed in the network, have been implemented and tested by the UE.

In Table B.1-1, a 'VoLTE capable UE' corresponds to a UE which is IMS voice capable and a ‘MCPTT capable UE’ corresponds to a UE which supports MCPTT voice application as defined in TS 23.179 [73].

The indexing in Table B.1-1a starts from index 33, which is the leftmost bit in the field featureGroupIndRel9Add.

Table B.1-1: Definitions of feature group indicators

	Index of indicator (bit number)
	Definition

(description of the supported functionality, if indicator set to one)
	Notes
	If indicated "Yes" the feature shall be implemented and successfully tested for this version of the specification
	FDD/ TDD diff

	13
	- Inter-frequency handover (within FDD or TDD)
NOTE: If a category M1 UE set this bit to 1, it supports inter-frequency handover for Mode A only.
	- can only be set to 1 if the UE has set bit number 25 to 1
	Yes (except for category M1 UE), unless UE only supports band 13
	No

	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.
	- If a category M1 UE does not support this feature group, this bit shall be set to 0.
	Yes, unless UE only supports band 13
	No
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