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1 Introduction
Support of TDD is introduced in NB-IoT Rel-15. 

There is no need to report explicitly UE support for TDD, this is indicated implicitly by the UE accessing a TDD cell and by the report of the supported bands.

However, by default, from the specification point of view, TDD inherits a number of legacy FDD features although, according to the WID [1], only a subset of features is supported.
Support for TDD [RAN1, RAN2, RAN4]
	Specify TDD support for in-band, guard-band, and standalone operation modes of NB-IoT. The design shall assume no UL compensation gaps are needed by UE, and strive towards a common design among the deployment modes. 

· Relaxations of MCL and/or latency and/or capacity targets to be considered by RAN1.

· Baseline is to support the same features as Rel-13 NB-IoT, additionally considering small-cells scenarios

· In addition to the baseline, support the following:

· Based on Rel-14 FDD designs:

· OTDOA positioning using Rel-14 NPRS RE patterns and sequences. Subframe configurations Part A and Part B shall be used with necessary amendments, if any.

· Non-anchor carrier operation for paging and random access

· UE category NB2, with the same TBS table as FDD, and support for 1 and 2 UL/DL HARQ processes. The support of 2 UL/DL HARQ processes by UE is an optional capability available to Cat NB2, i.e. same way as FDD.

· Non-anchor carrier operation for system information (MIB-NB and any SIB-NB) can be considered.

· Specify band specific requirements for band 41


Thus, it is needed to identify which Rel-13/Rel-14/Rel-15 features are applicable to TDD and when applicable whether there is a need to differentiate support in TDD and FDD, similarly to what has been done for LTE.

2 Discussion
2.1 Feature applicability and need for FDD/TDD differentiation

Features applicability according to the WID [1]

The tables below lists the NB-IoT capabilities as captured in TS 36.306 section 4. 

In the column Applicability, we have captured to which mode they were applicable based on the WID [1].

In the column TDD/FDD differentiation, we have made proposals on whether the capability should be common or different. The reasoning is captured in the column Comments.
	Capability parameters
	Applicability
	TDD/FDD differentiation
	Comments

	UE radio access capability parameters 

	ue-Category-NB in NB-IoT 
	FDD and TDD
	YES?
	Cat NB2 may not be available in initial TDD deployment(s). 

	supportedROHC-Profiles-r13 
	FDD and TDD
	No
	L2 capability

	maxNumberROHC-ContextSessions-r13 
	FDD and TDD
	No
	L2 capability

	rlc-UM-r15 
	FDD 
	No
	FDD only according to [1]. 

	multiTone-r13 
	FDD and TDD
	YES ?
	Multi-tone transmission may not be available in initial TDD deployment(s). An IOT bit is needed.

	multiCarrier-r13 
	FDD and TDD
	YES ?
	Multi-carrier in connected mode may not be available in initial TDD deployment(s). An IOT bit is needed.

	twoHARQ-Processes-r14 
	FFD only
	NA
	Differentiation already agreed

	interferenceRandomisation-r14 
	FDD only
	NA
	TDD has been designed directly with interference randomisation.

	multiCarrier-NPRACH-r14 
	FDD and TDD
	YES?
	Multi-carrier in idle mode may not be available in initial TDD deployment(s). An IOT bit is needed.

	multiCarrierPaging-r14 
	FDD and TDD
	YES?
	Multi-carrier in idle mode may not be available in initial TDD deployment(s). An IOT bit is needed.

	wakeUpSignal-r15 
	FDD only
	NA
	FDD only according to [1]. 

Has physical layer impact

	wakeUpSignalMinGap-eDRX-r15 
	FDD only
	NA
	FDD only according to [1]. 

Has physical layer impact.

	mixedOperationMode-r15 
	FDD only
	NA
	FDD only according to [1], 

	twoHARQ-ProcessesTDD-r15 
	TDD only
	NA
	Differentiation already agreed.

	sr-WithHARQ-ACK-r15 
	FDD only
	NA
	FDD only according to [1]. 



	sr-WithoutHARQ-ACK-r15 
	FDD only
	NA
	FDD only according to [1]. 



	nprach-Format2-r15 
	FDD only
	NA
	FDD only according to [1]. 



	supportedBandList-r13 
	FDD and TDD
	No
	Differentiation is already covered by the reported band

	multiNS-Pmax-r13 
	FDD and TDD
	No
	Differentiation is already covered by the reported band

	powerClassNB-20dBm-r13 
	FDD and TDD
	No
	Differentiation is already covered by the reported band

	powerClassNB-14dBm-r14 
	FDD and TDD
	No
	In Rel-14, it was agreed that it was a HW design characteristic and band independent

	accessStratumRelease-r13 
	FDD and TDD
	No
	Same as LTE. This is about ASN.1 version and not related to physical layer

	multipleDRB-r13 
	FDD and TDD
	No
	L2 capability

	earlyData-UP-r15 
	FDD only
	NA
	FDD only according to [1]. 

	logicalChannelSR-ProhibitTimer 
	FDD and TDD
	No
	L2 capability

	dataInactMon-r14
	FDD only
	No
	FDD only according to [1]. 

	rai-Support-r14 
	FDD only
	No
	FDD only according to [1]. 

	earlyContentionResolution-r14 
	FDD and TDD
	No
	RAN2 has agreed support mandatory in Rel-15.

	sr-SPS-BSR-r15 
	FDD only
	NA
	FDD only according to [1]. 

	Optional features without UE radio access capability parameters

	RRC Connection Re-establishment for the Control Plane CIoT EPS Optimization 
	FDD only
	No
	FDD only according to [1]. 

	System Information Block Type 16 
	FDD and TDD
	No
	No reason to differentiate.

	Enhanced random access power control 
	FDD only
	NA
	RAN1 has designed TDD assuming support for enhanced power control

	EDT for Control Plane CIoT EPS Optimization 
	FDD only
	NA
	FDD only according to [1]. 

	Additional SIB1-NB transmissions 
	FDD only
	NA
	FDD only. 

	Enhanced PHR 
	FDD only
	NA
	FDD only according to [1]. 



	SC-PTM in Idle mode 
	FDD only
	NA
	FDD only according to [1]. 



	Relaxed monitoring
	FDD only
	NA
	FDD only according to [1]. 



	DL channel quality reporting
	FDD only
	NA
	FDD only. 



	Serving cell idle mode measurements reporting 
	FDD only
	NA
	FDD only. 



	Other features where optional/ mandatory has not been captured yet

	NSSS-Based RRM measurements
	FDD only
	NA
	FDD only according to [1] 

	Access Barring Per NRSRP level
	FDD only


	NA
	FDD only according to [1] 


It is proposed that RAN2 discuss the table above and agree on the proposed capability differentiation

Proposal 1: Agree capability differentiation for ue-Category-NB, multiTone-r13, multiCarrier-r13 and multiCarrier-NPRACH-r14, multiCarrierPaging-r14.
Additional discussion on applicability of features excluded from the WID scope:

The WID restricted the list of features applicable to TDD in order to contain the work in the different working groups.

However, some features (e.g. exclusively L2/L3 features) could be made applicable to TDD without any work in any WG. They should not require to introduce capability differentiation.
Release 14 features not included in TDD scope in the Rel-15 WID:

a) dataInactMon-r14
b) rai-Support-r14 
c) RRC Connection Re-establishment for the Control Plane CIoT EPS Optimization 
d) SC-PTM in Idle mode 
e) Relaxed monitoring
f) DL channel quality reporting
g) Serving cell idle mode measurements reporting 
Features a), b), c), e) and g) are pure RAN2 features and independent of any physical layer and could be made applicable to TDD without requiring any work.

SC-PTM in Idle mode is dependent on the physical layer and will likely require changes to the specification. SC-PTM should not be considered in TDD rel-15.

DL channel quality reporting is dependent on the physical layer and it still under definition in RAN4. DL channel quality reporting should not be considered in TDD rel-15
Proposal 2: RAN2 to discuss having Rel-14 features dataInactMon-r14, rai-Support-r14, RRC Connection Re-establishment for the Control Plane CIoT EPS Optimization, Relaxed monitoring and Serving cell idle mode measurements reporting applicable to TDD without TDD/FDD differentiation.
Release 15 features not included in the WID:

a) rlc-UM-r15 
b) wakeUpSignal-r15, wakeUpSignalMinGap-eDRX-r15 
c) mixedOperationMode-r15 
d) sr-WithHARQ-ACK-r15, sr-WithoutHARQ-ACK-r15m sr-SPS-BSR-r15  
e) earlyData-UP-r15, EDT for Control Plane CIoT EPS Optimization  
f) Enhanced PHR

g) NSSS-Based RRM measurements
h) Access Barring Per NRSRP level

Features a) and h) are pure RAN2 features and independent of any physical layer and could be made applicable to TDD without requiring any work.
Feature f) required RAN4 work to define the new reporting table(s), the work is ongoing. However, in our understanding, there is no difference in power headroom reporting between FDD and TDD. Thus, the feature could be made applicable to TDD without additional work. 

Feature c) was a RAN2 only feature. However, it has been introduced via the definition of new carrier lists and carrier distribution parameters. To make the feature applicable to TDD in rel-15, some work will be required in RAN2, to identify what is applicable to FDD only and what is applicable to both TDD. Thus, Thee feature should not be considered in TDD rel-15. 

Features b), e) and g) have involved RAN1 and/or RAN4 work and have not been discussed in the context of TDD. They should not be considered in TDD rel-15.

Proposal 3: RAN2 to discuss having Rel-15 features rlc-UM-r15, enhanced PHR and Access Barring Per NRSRP level applicable to TDD without TDD/FDD differentiation
Positioning capabilities

Positioning capabilities, described in TS 36.355, also need to be discussed:

	Capability parameters
	Applicability
	TDD/FDD differentiation
	Comments

	CommonIEs 
	FDD and TDD
	No
	LPP protocol capability

	a-gnss
	FDD and TDD
	No
	Independent of the access technology

	otdoa
	FDD and TDD
	No
	The differentiation is implicit by the reporting of the supported bands in IE otdoa-ProvideCapabilities

	ecid
	FDD
	NA
	FDD only according to [1] 


It is proposed that RAN2 discuss the table above and agree on the proposed capability differentiation.

Proposal 4: Agree there is no need for additional TDD/FDD capability differentiation in the supported positioning methods. 

The WID does not include E-CID. However, we think it could be made applicable to TDD without any work in any WG and should not require any FDD/TDD differentia
Proposal 5: RAN2 to discuss having Rel-14 feature E-CID applicable to TDD without FDD/TDD differentiation

2.2 Capturing differentiation in 36.331 specification

2.2.1 Early capability reporting in RRCConnectionRequest message

In Rel-13, in absence of mechanism to retrieve the UE capability before MSG4, early reporting of UE capability was performed in RRCConnectionrequest: multiToneSupport-r13 and multiCarrierSupport-r13.

If FDD/TDD differentiation, as proposed in Proposal 1, is agreed, we need to clarify the mode the reported capabilities apply to. Considering the information is only useful for MSG4, a simple way is that the capability corresponds to the mode the UE is accessing the cell. This could be clarified in the field description of the two parameters.
Proposal 6: If TDD/FDD differentiation is agreed for multiToneSupport and multiCarrierSupport, clarify in the field description of RRCConnectionRequest message that the value is applicable to the mode TDD/FDD used for access.

2.2.2 Introducing TDD/FDD differentiation in UE capability reporting 

Indication of the capabilities for which FDD/TDD is supported 

In LTE, a column ‘FDD/TDD diff’ has been added in the field description table to indicate if different values can be reported for FDD and TDD.

In NB-IoT, additionally, we need to specify the applicability of the capability to TDD as except for twoHARQ-ProcessesTDD-r15 specifically added for TDD, all capabilities have been introduced for FDD and not all features are applicable to TDD. Instead of updating the field description to clarify the applicability, we propose to capture the applicability in a column ‘FDD/TDD appl’ and to capture TDD/FDD differentiation in another column ‘FDD/TDD diff’.

Proposal 7: To capture applicability to FDD, TDD and FDD/TDD in a new column ‘FDD/TDD appl’ in the UE-Capability-NB field description table. 

Proposal 8: To capture FDD/TDD differentiation for dual mode capabilities in a new column ‘FDD/TDD diff’ in the UE-Capability-NB field description table.

Introducing signalling to support TDD/FDD differentiation

To allow reporting of different values for FDD and TDD, the signalling of UE-Capability-NB needs to be extended.

In LTE, TDD/FDD differentiation was introduced very late (long after Rel-9 was frozen) while TDD and FDD were supported from the first release. Thus, there were already FDD only, TDD only and FDD/TDD UEs in the field and backward compatibility was needed.  

It was agreed to signal the common capabilities in one part and the separated FDD/TDD capabilities in two newly introduced extended IEs [4]. It was also agreed that field rf-Parameters and measParameters were not included in the extension as these fields already cover both xDD modes.
In NB-IoT, the situation is slightly different as there are only FDD UEs in the field today. As a result, instead of introducing two new extensions, one for FDD specific values and one for TDD specific values, which would affect the reporting of FDD capabilities for a dual mode UE, we propose that common and FDD specific capabilities are reported in the legacy part and that TDD specific capabilities are reported in a new TDD specific extension tdd-UE-Capabilities. 

Proposal 9: Common and FDD specific capabilities are reported in the legacy part of UE-Capability-NB and TDD specific capabilities are reported in a new extension tdd-UE-Capability.

An example (based on proposal 1) of how this could be captured in the ASN.1 is provided below:
-- ASN1START

UE-Capability-NB-r13 ::=

SEQUENCE {


accessStratumRelease-r13

AccessStratumRelease-NB-r13,


ue-Category-NB-r13



ENUMERATED {nb1}




OPTIONAL,


multipleDRB-r13




ENUMERATED {supported}



OPTIONAL,


pdcp-Parameters-r13



PDCP-Parameters-NB-r13



OPTIONAL,


phyLayerParameters-r13


PhyLayerParameters-NB-r13,


rf-Parameters-r13



RF-Parameters-NB-r13,


dummy






SEQUENCE {}






OPTIONAL

}

UE-Capability-NB-Ext-r14-IEs ::=

SEQUENCE {


ue-Category-NB-r14




ENUMERATED {nb2}



OPTIONAL,


mac-Parameters-r14




MAC-Parameters-NB-r14


OPTIONAL,


phyLayerParameters-v1430


PhyLayerParameters-NB-v1430

OPTIONAL,


rf-Parameters-v1430




RF-Parameters-NB-v1430,


nonCriticalExtension



UE-Capability-NB-v1440-IEs

OPTIONAL

}

UE-Capability-NB-v1440-IEs ::=

SEQUENCE {


phyLayerParameters-v1440


PhyLayerParameters-NB-v1440

OPTIONAL,


nonCriticalExtension



UE-Capability-NB-v15xy-IEs

OPTIONAL

}

UE-Capability-NB-v15xy-IEs ::=

SEQUENCE {


earlyData-UP-r15




ENUMERATED {supported}


OPTIONAL,


rlc-Parameters-r15




RLC-Parameters-NB-r15,


mac-Parameters-v15xy



MAC-Parameters-NB-v15xy,


phyLayerParameters-v15xy


PhyLayerParameters-NB-v15xy

OPTIONAL,

tdd-UE-Capability-r15



TDD-UE-Capability-NB-r15

OPTIONAL,

nonCriticalExtension



SEQUENCE {}





OPTIONAL

}
TDD-UE-Capability-NB-r15

::=
SEQUENCE {


ue-Category-NB-r15




ENUMERATED {nb2}



OPTIONAL,

phyLayerParametersR13-r15


PhyLayerParameters-NB-r13

OPTIONAL,


phyLayerParametersR14-r15


PhyLayerParameters-NB-v1430

OPTIONAL,


phyLayerParameters-v15xy


PhyLayerParameters-NB-v15xy

OPTIONAL,


...

}
---
PhyLayerParameters-NB-r13
::=

SEQUENCE {


multiTone-r13





ENUMERATED {supported}


OPTIONAL,


multiCarrier-r13





ENUMERATED {supported}


OPTIONAL


}

PhyLayerParameters-NB-v1430
::=

SEQUENCE {


multiCarrier-NPRACH-r14



ENUMERATED {supported}


OPTIONAL,


twoHARQ-Processes-r14



ENUMERATED {supported}


OPTIONAL

}

PhyLayerParameters-NB-v1440
::=

SEQUENCE {


interferenceRandomisation-r14

ENUMERATED {supported}


OPTIONAL

}

PhyLayerParameters-NB-v15xy
::=

SEQUENCE {


mixedOperationMode-r15



ENUMERATED {supported}


OPTIONAL,


twoHARQ-ProcessesTDD-r15


ENUMERATED {supported}


OPTIONAL,


sr-WithHARQ-ACK-r15




ENUMERATED {supported}


OPTIONAL,


sr-WithoutHARQ-ACK-r15



ENUMERATED {supported}


OPTIONAL,


nprach-Format2-r15




ENUMERATED {supported}


OPTIONAL

}

-- ASN1STOP

TDD/FDD differentiation in UE-RadioPagingInfo-NB
In NB-IoT, we also need to introduce TDD/FDD differentiation in UE-RadioPagingInfo-NB as the paging capabilities can be different. 
As the number of capabilities reported is a lot smaller, it is proposed to clarify the applicability in the field description and duplicate the capability for TDD when needed. 

Proposal 10: To capture applicability to FDD/TDD in the field description in the UE-RadioPaging-NB field description table.
Proposal 11: To create TDD specific capability in IE UE-RadioPaging-NB when differentiation with FDD is needed.

An example (based on proposal 1) of how this could be captured in the ASN.1 is provided below:

-- ASN1START

UE-RadioPagingInfo-NB-r13 ::=

SEQUENCE {


ue-Category-NB-r13



ENUMERATED {nb1}


OPTIONAL,


...,


[[ 
multiCarrierPaging-r14

ENUMERATED {true}


OPTIONAL


]],

[[
mixedOperationMode-r15

ENUMERATED {supported}

OPTIONAL,



wakeUpSignal-r15


ENUMERATED {true}


OPTIONAL,


wakeUpSignalMinGap-eDRX-r15
WakeUpSignal-eDRX-NB-r15
OPTIONAL,


multiCarrierPagingTDD-r15  ENUMERATED {true}


OPTIONAL

]]
}

WakeUpSignal-eDRX-NB-r15 ::=
ENUMERATED {ms40, ms240, ms1000, ms2000} 

-- ASN1STOP

2.3 Capturing differentiation in 36.306 specification

It is proposed to clarify the mode FDD/TDD in 36.306 for each capability when only one mode is applicable.

Proposal 12: To clarify the mode FDD/TDD in 36.306 for each capability when the capability is mode specific.
3 Conclusion
In this document, we have discussed TDD/FDD differentiation for NB-IoT Rel-15 and made the following proposals:

Proposal 1: Agree capability differentiation for ue-Category-NB, multiTone-r13, multiCarrier-r13 and multiCarrier-NPRACH-r14, multiCarrierPaging-r14
Proposal2: RAN2 to discuss having Rel-14 features dataInactMon-r14, rai-Support-r14, RRC Connection Re-establishment for the Control Plane CIoT EPS Optimization, Relaxed monitoring and Serving cell idle mode measurements reporting applicable to TDD without TDD/FDD differentiation.
Proposal 3: RAN2 to discuss having Rel-15 features rlc-UM-r15, enhanced PHR and Access Barring Per NRSRP level applicable to TDD without TDD/FDD differentiation

Proposal 4: Agree there is no need for additional TDD/FDD capability differentiation in the supported positioning methods. 

Proposal 5: RAN2 to discuss having Rel-14 feature E-CID applicable to TDD without FDD/TDD differentiation

Proposal 6: If TDD/FDD differentiation is agreed for multiToneSupport and multiCarrierSupport, clarify in the field description of RRCConnectionRequest message that the value is applicable to the mode TDD/FDD used for access.
Proposal 7: To capture applicability to FDD, TDD and FDD/FDD in a new column ‘FDD/TDD appl’ in the UE-Capability-NB field description table.
Proposal 8: To capture FDD/TDD differentiation for dual mode capabilities in a new column ‘FDD/TDD diff’ in the UE-Capability-NB field description table.

Proposal 9: Common and FDD specific capabilities are reported in the legacy part of UE-Capability-NB and TDD specific capabilities are reported in a new extension tdd-UE-Capability.

Proposal 10: To capture applicability to FDD/TDD in the field description in the UE-RadioPaging-NB field description table.
Proposal 11: To create TDD specific capability in IE UE-RadioPaging-NB when differentiation with FDD is needed.

Proposal 12: To clarify the mode FDD/TDD in 36.306 for each capability when the capability is mode specific.
Corresponding CRs are provided in [6] and [7].
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