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1. Introduction

The CRs in [1], [2] have raised the issue that Release-15 physical layer capabilities do not have the possibility to signal different values for TDD and FDD, even though the RAN1 feature list in [3] indicates that they should. 
In this document we look at this issue and other related problems with TDD/FDD differentiation.

2. Discussion
2.1 UE Capability field descriptions with FFS.

Currently there are a number of UE capabilities with FFS in the field descriptions, some as early as Rel-12.
	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff
	Release
	Suggestion

	beamformed (in MIMO-UE-ParametersPerTM)

Indicates for a particular transmission mode, the UE capabilities concerning beamformed EBF/ FD-MIMO operation (class B) applicable for band combinations for which the concerned capabilities are not signalled.
	TBD
	R13
	Yes

	channelMeasRestriction

Indicates for a particular transmission mode whether the UE supports channel measurement restriction.
	TBD
	R13
	Yes

	configN (in MIMO-UE-ParametersPerTM)

Indicates for a particular transmission mode whether the UE supports non-precoded EBF/ FD-MIMO (class A) related configuration N for band combinations for which the concerned capabilities are not signalled.
	TBD
	R13
	Yes

	crs-DiscoverySignalsMeas

Indicates whether the UE supports CRS based discovery signals measurement, and PDSCH/EPDCCH RE mapping with zero power CSI-RS configured for discovery signals.
	FFS
	R12
	Yes

	csi-ReportingAdvanced, csi-ReportingAdvancedMaxPorts (in MIMO-UE-ParametersPerTM)

Indicates for a particular transmission mode the maximum number of CSI-RS ports supported by the UE for advanced CSI reporting. The field csi-ReportingAdvanced indicates 32 CSI-RS ports whereas csi-ReportingAdvancedMaxPorts indicates 8, 12, 16, 20, 24 or 28 CSI-RS ports. The UE shall not include both csi-ReportingAdvanced and csi-ReportingAdvancedMaxPorts for a particular transmission mode. 
	FFS
	R14
	Yes

	csi-ReportingNP (in MIMO-UE-ParametersPerTM)

Indicates for a particular transmission mode whether the UE supports CSI reporting on non-precoded CSI-RS with 20, 24, 28, or 32 antenna ports for band combinations for which the concerned capabilities are not signalled in MIMO-CA-ParametersPerBoBCPerTM, and the FD-MIMO processing capability condition as described in NOTE 8 is satisfied.
	FFS
	R14
	Yes

	csi-RS-DiscoverySignalsMeas

Indicates whether the UE supports CSI-RS based discovery signals measurement. If this field is included, the UE shall also include crs-DiscoverySignalsMeas.
	FFS
	R12
	Yes

	densityReductionNP, densityReductionBF

Indicates whether the UE supports CSI-RS density reduction with values 1, 1/2 and 1/3 for non-precoded CSI-RS and beamformed CSI-RS respectively.
	FFS
	R14
	Yes

	discoverySignalsInDeactSCell

Indicates whether the UE supports the behaviour on DL signals and physical channels when SCell is deactivated and discovery signals measurement is configured as specified in TS 36.211 [21], clause 6.11A. This field is included only if UE supports carrier aggregation and includes crs-DiscoverySignalsMeas.
	FFS
	R12
	Yes

	dmrs-Enhancements (in MIMO-UE-ParametersPerTM)

Indicates for a particular transmission mode whether the UE supports DMRS enhancements for the indicated transmission mode.
	TBD
	R13
	“NO”

	hybridCSI

Indicates whether the UE supports hybrid CSI transmission as described in TS 36.213 [23].
	FFS
	R14
	Yes

	interferenceMeasRestriction

Indicates whether the UE supports interference measurement restriction.
	TBD
	R13
	Yes

	k-Max (in MIMO-UE-ParametersPerTM)

Indicates for a particular transmission mode the maximum number of NZP CSI RS resource configurations supported within a CSI process applicable for band combinations for which the concerned capabilities are not signalled.
	TBD
	R13
	Yes

	n-MaxList (in MIMO-UE-ParametersPerTM)

Indicates for a particular transmission mode the maximum number of NZP CSI RS ports supported within a CSI process applicable for band combinations for which the concerned capabilities are not signalled. For k-Max values exceeding 1, the UE shall include the field and signal k-Max minus 1 bits. The first bit indicates n-Max2, with value 0 indicating 8 and value 1 indicating 16. The second bit indicates n-Max3, with value 0 indicating 8 and value 1 indicating 16. The third bit indicates n-Max4, with value 0 indicating 8 and value 1 indicating 32. The fourth bit indicates n-Max5, with value 0 indicating 16 and value 1 indicating 32. The fifth bit indicates n-Max6, with value 0 indicating 16 and value 1 indicating 32. The sixt bit indicates n-Max7, with value 0 indicating 16 and value 1 indicating 32. The seventh bit indicates n-Max8, with value 0 indicating 16 and value 1 indicating 64.
	TBD
	R13
	Yes

	nonPrecoded (in MIMO-UE-ParametersPerTM)

Indicates for a particular transmission mode the UE capabilities concerning non-precoded EBF/ FD-MIMO operation (class A) for band combinations for which the concerned capabilities are not signalled in MIMO-CA-ParametersPerBoBCPerTM, and the FD-MIMO processing capability condition as described in NOTE 8 is satisfied.
	TBD
	R13
	Yes

	semiOL

Indicates whether the UE supports semi-open-loop transmission for the indicated transmission mode.
	FFS
	R14
	Yes

	srs-Enhancements

Indicates whether the UE supports SRS enhancements.
	TBD
	R13
	Yes

	ul-dmrs-Enhancements

Indicates whether the UE supports UL DMRS enhancements as defined in TS 36.211 [21], clause 6.10.3A.
	FFS
	R14
	Yes

	zp-CSI-RS-AperiodicInfo

Indicates whether the UE supports aperiodic ZP-CSI-RS transmission for the indicated transmission mode.
	FFS
	R14
	Yes


In most cases these capabilities do have the possibility to signal different values for TDD and FDD so by default these FFS should be changed to “Yes”. The only one where we identified a preference as “no” is dmrs-Enhancements (in MIMO-UE-ParametersPerTM).
Q1: Do you agree the above capabilities should be changed as suggested in the appropriate releases (i.e. Rel-12, 13, 14 as appropriate)? 
Company views (to be completed during the meeting)

	Company
	Do you agree (yes/no)
	Comments (including whether there is anything missing from the list)


	
	yes/no
	


2.2 Rel-14 ASN.1
PhyLayerParameters-v1430 has the TDD/FDD differentiation inside of UE-EUTRA-CapabilityAddXDD-Mode-v1430. 
However, the following capabilities were added later:

PhyLayerParameters-v1450 ::=         SEQUENCE {

    ce-SRS-EnhancementWithoutComb4-r14      ENUMERATED {supported}           OPTIONAL,

    crs-LessDwPTS-r14                    ENUMERATED {supported}           OPTIONAL}

PhyLayerParameters-v1470 ::=         SEQUENCE {

    mimo-UE-Parameters-v1470             MIMO-UE-Parameters-v1470     OPTIONAL,
    srs-UpPTS-6sym-r14                   ENUMERATED {supported}           OPTIONAL

}

PhyLayerParameters-v14a0 ::=         SEQUENCE {

    ssp10-TDD-Only-r14                   ENUMERATED {supported}           OPTIONAL

}

Most of these are TDD only capabilities, so no need to differentiate. 

The MIMO capabilities introduced in v14.7.0 are applicable to FDD and TDD. There was no UE-EUTRA-CapabilityAddXDD-Mode-v1470 introduced at the time to allow different values to be signalled for TDD and FDD.

Q2: Do you agree the MIMO-UE-Parameters-v1470 needs to be introduced in UE-EUTRA-CapabilityAddXDD-Mode-v14e0 in a lateNonCriticalExtension in Rel-14? 

Company views (to be completed during the meeting)

	Company
	Do you agree (yes/no)
	Comments (including whether there is anything else missing in Rel-15 ASN.1)


	
	yes/no
	


Q3: Have you identified any other ASN.1 issue in Rel-14 or earlier related to FDD/TDD UE capability differentiation? 

Company views (to be completed during the meeting)

	Company
	 (yes/no)
	Comments 


	
	yes/no
	


2.3 Rel-15 ASN.1 and UE Capability field descriptions
According to the RAN1 feature list for Rel-15 in [3] there is a need to differentiate most of the physical layer capabilities for TDD and FDD, however this was never implemented in the ASN.1 signalling. 
In order to avoid using late non-critical extension this needs to be done before freezing Rel-16.
Q4: Do you agree the PhyLayerParameters-v1530, v1540, v1550 need to be introduced in UE-EUTRA-CapabilityAddXDD-Mode-v15a0?

Company views (to be completed during the meeting)

	Company
	 (yes/no)
	Comments 


	
	yes/no
	


If the PhyLayerParameters-v1530, v1540, v1550 need to be introduced in UE-EUTRA-CapabilityAddXDD-Mode-v15a0 then we also need to update the field descriptions for the related capabilities from “-“ to “Yes” or “No”.

According to the RAN1 feature list [3], most capabilities have a need for TDD/FDD differentiation, except for LAA and eV2X, and some HRLLC capabilities. We do need to check in detail for every capability, but in general the following table summarises per WI/feature.

	
Feature
	FDD/TDD diff

	LAA 
	No

	feComp 
	Yes

	Aerials
	Yes

	eV2X
	No

	sTTI
	Yes

	HRLLC
	Most should be “Yes” but for some it is “No”. 
Needs to be checked per individual capability.

	1024QAM 
	Yes

	NB-IoT
	This is already correct, and in a separate ASN.1 and TDD/FDD table.

	eMTC 
	Yes

	CA enhancement
	Yes

	CP latency reduction
	Yes

	SRS Antenna Switching
	Yes

	Advanced CSI
	Yes

	Alternative MCS Table
	Yes


Q5: Do you agree the field descriptions of parameters in PhyLayerParameters-v1530, v1540, v1550 need to be updated according to the RAN1 feature list in [3]?

Company views (to be completed during the meeting)

	Company
	 (yes/no)
	Comments 


	
	yes/no
	


Q6: Have you identified any other ASN.1 issue in Rel-15 related to FDD/TDD UE capability differentiation? 

Company views (to be completed during the meeting)

	Company
	 (yes/no)
	Comments 


	
	yes/no
	


2.4 Need for LS
Assuming the above ASN.1 corrections are made, it is important for interoperability that the UE and network are implemented according to the CR, otherwise a UE implementing different capabilities for TDD/FDD for any specific feature will not be able to use those features. It is therefore recommended that an informative LS is sent to at least RAN, RAN1. 
Q7: Do you agree that an LS is needed to RAN and RAN1 to inform agreement of these CRs and explain interoperability?

Company views (to be completed during the meeting)

	Company
	 (yes/no)
	Comments 


	
	yes/no
	


3. Conclusion

[To be updated after offline]
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