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1 Introduction
A new work item on “Further NB-IoT enhancement” was agreed at RAN#75 and revised at RAN#76 and RAN#77 [1].

One objective of this WID is the support for TDD in NB-IoT:

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

The following agreements were made in RAN2#101 [2] and RAN2#101bis [3]:

	Agreements of RAN2#101:
· R2 assumes that the following timers are not extended for NB-TDD UEs: T322 and T-Reselection-NB. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· The Range of the following timers are extended for NB-TDD UEs: T300, T301 and T311. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· It is FFS if it shall be possible to configure T311 up to approximately 3 times the current max value, or whether the max T311 is 200s. 

· It is FFS if it shall be possible to configure T300 up to approximately 3 times the current max value

· It is FFS if T310 needs to be extended. 

· R2 assumes that NB-FDD TimeAlignmentTimer range is used for NB-TDD. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· R2 assumes that No extention is needed for Backoff Parameter, logicalChannelSR-ProhibitTimer, periodicBSR Timer and retxBSR-Timer. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· It is FFS whether ra-ResponseWindowSize should be extended, e.g. from 10.24sec to 15.36sec or 20.48 sec.

· It is FFS whether max value of mac-ContentionResolutionTimer should be extended, e.g. from 10.24sec to 15.36sec or 20.48 sec.

· It is FFS if T-PollRetransmit timer is extended for NB-TDD UEs. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· R2 Assumes T-Reordering is not extended for NB-TDD UEs. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· It is FFS whether discardTimer value range should be updated.

· Whether SIB1-NB transmission is configured on the anchor carrier or a non-anchor carrier, SIB1-NB scheduling information is signalled in MIB-NB as in FDD mode.

· The information on the PRB location and eutra-NumCRS-Ports needs to be provided for the UE to receive SIB1-NB on an inband non-anchor carrier.

· Whether SIBs other than SIB1-NB are transmitted on the anchor carrier or a non-anchor carrier, scheduling parameters for SIBs (i.e. schedulingInfoList, si-WindowLength and si-RadioFrameOffset) are signalled in SIB1-NB as in FDD mode.

· It is FFS if the carrier frequency and for inband case indexToMidPRB, eutra-NumCRS-Ports and eutraControlRegionSize need to be indicated by SIB1-NB for the UEs to receive other SIBs on non-anchor carrier.

Agreements of RAN2#101bis:
· The FDD non-anchor carrier mechanism for paging and PRACH can be reused for TDD.

· For TDD PRACH procedure, the preamble and NPDCCH use the same carrier.

· Only one carrier list is provided. PRACH carrier and paging carrier selection use this one list. Each carrier can have PRACH and/or paging.

· T300 and T301 are extended to include 80s, 100s, 120s for TDD mode.

· Reuse the value range of T310 in FDD mode for TDD mode.

· T311 is extended to include 160s, and 200s for TDD mode.

· Reuse the value range of discardTimer in FDD mode for TDD mode.

· Extend T-PollRetransmit to 300s for TDD mode.

· Reuse the value range of DataInactivityTimer in FDD mode for TDD mode.

· ra-ResponseWindowSize and mac-ContentionResolutionTimer are extended for TDD mode.

· FFS if this is fixed to 20.48s or longer or configurable

· FFS If the concept of NPDCCH period is used and physical layer timing relationship is not changed for TDD mode, DRX timers are not extended for TDD mode

· For NB-TDD; RA-RNTI formula is based upon HSFN in addition to SFN to avoid any SFN wrap around issue.

· FFS RA-RNTI formula.

Regarding the proposal “At most 2 carriers are used for MIB/SIB1/other SIBs transmission”

· Needs further discussion


The following e-mail discussion was also agreed to resolve the FFSs on TDD:

[101bis#23][NB-IoT R15] Resolve FFSs on TDD (Huawei)
In this contribution, we discuss the remaining issues which are not covered or have no consensus in the e-mail discussion.
2 Discussion
We think the following aspects need to be discussed in RAN2:

· UL/DL configurations and special subframe configurations
· Preamble formats

· UL/DL carrier frequency
· System information scheduling
2.1 UL/DL configurations and special subframe configurations

In legacy LTE, UL/DL configurations and special subframe configurations are cell specific configuration, specified in the IE TDD-Config and signalled in the IE RadioResourceConfigCommon in SIB1.
TDD-Config information element

-- ASN1START

TDD-Config ::=





SEQUENCE {


subframeAssignment




ENUMERATED {












sa0, sa1, sa2, sa3, sa4, sa5, sa6},


specialSubframePatterns



ENUMERATED {












ssp0, ssp1, ssp2, ssp3, ssp4,ssp5, ssp6, ssp7,












ssp8}

}

TDD-Config-v1130 ::=



SEQUENCE {


specialSubframePatterns-v1130

ENUMERATED {ssp7,ssp9}

}

TDD-Config-v1430 ::=



SEQUENCE {


specialSubframePatterns-v1430

ENUMERATED {ssp10}

}

TDD-Config-v1450 ::=



SEQUENCE {


specialSubframePatterns-v1450

ENUMERATED {ssp10-CRS-LessDwPTS}

}

TDD-ConfigSL-r12 ::=

SEQUENCE {


subframeAssignmentSL-r12



ENUMERATED {












none, sa0, sa1, sa2, sa3, sa4, sa5, sa6}

}

SubframeAssignment-r15 ::=

ENUMERATED {sa0, sa1, sa2, sa3, sa4, sa5, sa6}

-- ASN1STOP

Following a similar approach, tdd-Config-r15 can be introduced into the IE RadioResourceConfigCommonSIB-NB to specify the UL/DL configuration and the special subframe configuration for TDD mode in NB-IoT.
For UL/DL configuration, RAN1 has agreed that configuration 0 is not supported and has assumed that configuration 6 is not supported for all operation modes. For standalone operation mode, whether new UL/DL configurations will be defined is still FFS.

For special subframe configuration, RAN1 has agreed that all LTE special subframe configurations are supported in NB-IoT TDD except for the CRS-less special subframe configuration 10, which is still FFS. Whether to introduce new special subframe configurations comprising ‘DwPTS+GP’ and ‘GP+UpPTS’ for standalone operation mode is also FFS.
We have the following text proposal for introduction of tdd-Config-r15:
RadioResourceConfigCommonSIB-NB information element
-- ASN1START

RadioResourceConfigCommonSIB-NB-r13 ::=
SEQUENCE {


rach-ConfigCommon-r13 




RACH-ConfigCommon-NB-r13,


bcch-Config-r13 





BCCH-Config-NB-r13,


pcch-Config-r13 





PCCH-Config-NB-r13,


nprach-Config-r13





NPRACH-ConfigSIB-NB-r13,


npdsch-ConfigCommon-r13




NPDSCH-ConfigCommon-NB-r13,


npusch-ConfigCommon-r13




NPUSCH-ConfigCommon-NB-r13,


dl-Gap-r13







DL-GapConfig-NB-r13


OPTIONAL,

-- Need OP


uplinkPowerControlCommon-r13


UplinkPowerControlCommon-NB-r13,


...,


[[
nprach-Config-v1330




NPRACH-ConfigSIB-NB-v1330
OPTIONAL

-- Need OR

]],


[[
nprach-Config-v1450




NPRACH-ConfigSIB-NB-v1450
OPTIONAL

-- Cond EnhPowerControl


]],


[[
tdd-Config-r15





TDD-Config-NB-r15


OPTIONAL

-- Cond TDD

]]

}

BCCH-Config-NB-r13 ::=




SEQUENCE {


modificationPeriodCoeff-r13



ENUMERATED {n16, n32, n64, n128}

}

PCCH-Config-NB-r13 ::=




SEQUENCE {


defaultPagingCycle-r13




ENUMERATED {rf128, rf256, rf512, rf1024},


nB-r13








ENUMERATED {













fourT, twoT, oneT, halfT, quarterT, one8thT,













one16thT, one32ndT, one64thT,













one128thT, one256thT, one512thT, one1024thT,













spare3, spare2, spare1},


npdcch-NumRepetitionPaging-r13


ENUMERATED {













r1, r2, r4, r8, r16, r32, r64, r128, 













r256, r512, r1024, r2048, 













spare4, spare3, spare2, spare1}

}
-- ASN1STOP

	Conditional presence
	Explanation

	TDD
	This field is mandatory present for TDD; otherwise the field is not present and the UE shall delete any existing value for this field.


A new type TDD-Config-NB-r15 needs to be defined to specify the TDD specific physical channel configuration:
TDD-Config-NB information element
-- ASN1START
TDD-Config-NB-r15 ::=




SEQUENCE {

subframeAssignment-r15



ENUMERATED {sa1, sa2, sa3, sa4, sa5},


specialSubframePatterns-r15


ENUMERATED {ssp0, ssp1, ssp2, ssp3, ssp4,ssp5, ssp6, ssp7,














ssp8, ssp9, ssp10}
}
-- ASN1STOP

Editor’s Note: it is FFS whether configuration 6 is supported for all operation modes

Editor’s Note: it is FFS whether new UL/DL configurations will be defined for standalone operation mode.
Editor’s Note: it is FFS whether special subframe configurations comprising ‘DwPTS+GP’ and ‘GP+UpPTS’ for standalone operation mode are introduced.
Proposal 1: tdd-Config-r15 is introduced into the IE RadioResourceConfigCommonSIB-NB to provide the UL/DL configuration and special subframe configuration for TDD mode in NB-IoT.

2.2 Preamble formats

According to RAN1 agreements, 5 preamble formats are introduced for random access procedure in TDD mode in which preamble format 1 and 2 have the same CP length:
· Preamble format 0: 

155.5us CP length

· Preamble format 1: 

266.7us CP length

· Preamble format 2: 

266.7us CP length

· Preamble format 0-a: 
49.95us CP length

· Preamble format 1-a: 
99.9us CP length

In Rel-13/Rel-14 NB-IoT, the preamble format is indicated by nprach-CP-Length-r13 (cyclic prefix length for NPRACH transmission) in the IE NPRACH-ConfigSIB-NB implicitly. Following a similar approach, nprach-CP-Length-tdd-r15 needs to be introduced to indicate cyclic prefix length for NPRACH transmission and preamble format for TDD mode:
NPRACH-ConfigSIB-NB information elements
-- ASN1START

NPRACH-ConfigSIB-NB-r13 ::=


SEQUENCE {


nprach-CP-Length-r13



ENUMERATED {us66dot7, us266dot7},


rsrp-ThresholdsPrachInfoList-r13
RSRP-ThresholdsNPRACH-InfoList-NB-r13 
OPTIONAL,
-- need OR


nprach-ParametersList-r13

NPRACH-ParametersList-NB-r13

}

NPRACH-ConfigSIB-NB-v1330 ::=

SEQUENCE {


nprach-ParametersList-v1330


NPRACH-ParametersList-NB-v1330

}

NPRACH-ConfigSIB-NB-v1450 ::=

SEQUENCE {


maxNumPreambleAttemptCE-r14


ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1}

}

NPRACH-ConfigSIB-NB-v15xy ::=

SEQUENCE {


nprach-PreambleFormat-tdd-r15

ENUMERATED {format0, format1, format2, format0-a, format1-a}









OPTIONAL
-- Cond TDD
}

NPRACH-ParametersList-NB-r13 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-r13

NPRACH-ParametersList-NB-v1330 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-v1330

NPRACH-Parameters-NB-r13::=


SEQUENCE {


nprach-Periodicity-r13 




ENUMERATED {ms40, ms80, ms160, ms240, 














ms320, ms640, ms1280, ms2560},


nprach-StartTime-r13




ENUMERATED {ms8, ms16, ms32, ms64, 














ms128, ms256, ms512, ms1024},


nprach-SubcarrierOffset-r13



ENUMERATED {n0, n12, n24, n36, n2, n18, n34, spare1},


nprach-NumSubcarriers-r13



ENUMERATED {n12, n24, n36, n48},


nprach-SubcarrierMSG3-RangeStart-r13
ENUMERATED {zero, oneThird, twoThird, one},


maxNumPreambleAttemptCE-r13



ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1},


numRepetitionsPerPreambleAttempt-r13
ENUMERATED {n1, n2, n4, n8, n16, n32, n64, n128},


npdcch-NumRepetitions-RA-r13


ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128, 















r256, r512, r1024, r2048, 















spare4, spare3, spare2, spare1},


npdcch-StartSF-CSS-RA-r13



ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64},


npdcch-Offset-RA-r13




ENUMERATED {zero, oneEighth, oneFourth, threeEighth}

}

NPRACH-Parameters-NB-v1330 ::=

SEQUENCE {


nprach-NumCBRA-StartSubcarriers-r13

ENUMERATED {n8, n10, n11, n12, n20, n22, n23, n24, 















n32, n34, n35, n36, n40, n44, n46, n48}

}

RSRP-ThresholdsNPRACH-InfoList-NB-r13 ::= SEQUENCE (SIZE(1..2)) OF RSRP-Range

-- ASN1STOP

	nprach-CP-Length
For FDD: Cyclic prefix length for NPRACH transmission (TCP), see TS 36.211 [21, 10.1.6]. Value us66dot7 corresponds to 66.7 microseconds and value us266dot7 corresponds to 266.7 microseconds. 
For TDD, the parameter is not applicable and shall be ignored by the UE.


	nprach-PreambleFormat-tdd
NPRACH preamble format, see TS 36.211 [21, 10.1.6] Value format0 corresponds to preamble format 0, value format1 corresponds to preamble format 1 and so.


	Conditional presence
	Explanation

	TDD
	This field is mandatory present for TDD; Otherwise it is not present and the UE shall delete any existing value for this field.


Proposal 2: nprach-PreambleFormat-tdd-r15 is introduced into the IE NPRACH-ConfigSIB-NB to indicate cyclic prefix length for NPRACH transmission and preamble format for TDD mode.
2.3 UL/DL carrier frequency
In FDD mode, uplink and downlink transmissions are taking place on two different carriers. Thus, besides the downlink carrier frequency for downlink transmission, the eNB also needs to signal the uplink carrier frequency to the UE for uplink transmission, i.e. in IE CarrierConfigDedicated-NB for unicast, in SIB2-NB for NPRACH on the anchor carrier and in SIB22-NB for NPRACH on non-anchor carriers.
In TDD mode, uplink and downlink transmissions are on the same TDD carrier. Thus, in LTE, the uplink frequency is not signaled for TDD mode:

	ul-CarrierFreq

For FDD: If absent, the (default) value determined from the default TX-RX frequency separation defined in TS 36.101 [42, table 5.7.3-1] applies.

For TDD: This parameter is absent and it is equal to the downlink frequency.


Following a similar approach, it is proposed that ul-CarrierFreq in IE CarrierConfigDedicated-NB, SIB2-NB is not needed for TDD mode in NB-IoT. To achieve this, we have the following text proposal.
In IE CarrierConfigDedicated-NB for unicast:
CarrierConfigDedicated-NB information elements
-- ASN1START

CarrierConfigDedicated-NB-r13 ::=

SEQUENCE {


dl-CarrierConfig-r13

DL-CarrierConfigDedicated-NB-r13,


ul-CarrierConfig-r13

UL-CarrierConfigDedicated-NB-r13

}

……
UL-CarrierConfigDedicated-NB-r13 ::=
SEQUENCE {


ul-CarrierFreq-r13


CarrierFreq-NB-r13

OPTIONAL,
-- Need OP


...

}

-- ASN1STOP

	CarrierConfigDedicated-NB field descriptions

	ul-CarrierConfig

Uplink anchor/ non-anchor carrier used for all unicast transmissions. 

	ul-CarrierFreq

For FDD: UL carrier frequency as defined in TS 36.101 [42, 5.7.3F]. If absent, the same TX-RX frequency separation and carrier frequency offset as for the anchor carrier applies.
For TDD: This field is absent and the uplink carrier frequency is equal to the downlink frequency.


In SIB2-NB for NPRACH on the anchor carrier:
SystemInformationBlockType2-NB information element
-- ASN1START

SystemInformationBlockType2-NB-r13 ::=
SEQUENCE {


radioResourceConfigCommon-r13


RadioResourceConfigCommonSIB-NB-r13,


ue-TimersAndConstants-r13



UE-TimersAndConstants-NB-r13,


freqInfo-r13






SEQUENCE {



ul-CarrierFreq-r13





CarrierFreq-NB-r13


OPTIONAL,
-- Need OP



additionalSpectrumEmission-r13


AdditionalSpectrumEmission


},


timeAlignmentTimerCommon-r13


TimeAlignmentTimer,


multiBandInfoList-r13
SEQUENCE (SIZE (1..maxMultiBands)) OF AdditionalSpectrumEmission

OPTIONAL,
-- Need OR


lateNonCriticalExtension



OCTET STRING




OPTIONAL,


...,


[[
cp-Reestablishment-r14



ENUMERATED {true}



OPTIONAL

-- Need OP


]]

}

-- ASN1STOP

	SystemInformationBlockType2-NB field descriptions

	ul-CarrierFreq

For FDD: Uplink carrier frequency as defined in TS 36.101 [42, 5.7.3F]. If operationModeInfo in the MIB-NB is set to standalone and the field is absent, the value of the carrier frequency is determined by the TX-RX frequency separation defined in TS 36.101 [42, table 5.7.4-1] and the value of the carrier frequency offset is 0. If operationModeInfo in the MIB-NB is not set to standalone, the field is mandatory present.
For TDD: This field is absent and the uplink carrier frequency is equal to the downlink frequency.


Proposal 3: ul-CarrierFreq in IE CarrierConfigDedicated-NB and SIB2-NB is not needed for TDD mode in NB-IoT.
For SIB22-NB, RAN2 has agreed that:

· For TDD PRACH procedure, the preamble and NPDCCH use the same carrier.

· Only one carrier list is provided. PRACH carrier and paging carrier selection use this one list. Each carrier can have PRACH and/or paging.

To capture the above agreements, there are 2 alternatives provided by the RRC running CR [4]:

SystemInformationBlockType22-NB information element
-- ASN1START

SystemInformationBlockType22-NB-r14 ::=
SEQUENCE {


dl-ConfigList-r14 




DL-ConfigCommonList-NB-r14
OPTIONAL,
-- Need OR


ul-ConfigList-r14 




UL-ConfigCommonList-NB-r14
OPTIONAL,
-- Need OR


pagingWeightAnchor-r14



PagingWeight-NB-r14


OPTIONAL,
-- Cond pcch-config


nprach-ProbabilityAnchorList-r14
NPRACH-ProbabilityAnchorList-NB-r14
OPTIONAL,
-- Cond nprach-config


lateNonCriticalExtension


OCTET STRING




OPTIONAL,


...,


[[
















OPTIONAL,
-- Need OR
-- Alt1 start



tdd-ConfigList-r15



TDD-ConfigCommonList-NB-r15

OPTIONAL

-- Cond TDD

-- Alt1 end
-- Alt2 start



ul-ConfigList-r15



UL-ConfigCommonList-NB-r15

OPTIONAL

-- Cond TDD

-- Alt2 end

]]
}
DL-ConfigCommonList-NB-r14 ::=

SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF












DL-ConfigCommon-NB-r14

UL-ConfigCommonList-NB-r14 ::=

SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF












UL-ConfigCommon-NB-r14

-- Alt1 start

TDD-ConfigCommonList-NB-r15 ::=

SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF












TDD-ConfigCommon-NB-r15

-- Alt1 end
-- Alt2 start

UL-ConfigCommonList-NB-r15 ::=

SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF












UL-ConfigCommon-NB-r15

-- Alt2 end
DL-ConfigCommon-NB-r14 ::=


SEQUENCE {


dl-CarrierConfig-r14



DL-CarrierConfigCommon-NB-r14,


pcch-Config-r14 




PCCH-Config-NB-r14


OPTIONAL, -- Need OR


...

}

……
-- Alt2 start

UL-ConfigCommon-NB-r15 ::=


SEQUENCE {


nprach-ParametersList-r15 


NPRACH-ParametersList-NB-r14
OPTIONAL, -- Need OR


...

}

-- Alt2 end
NPRACH-ParametersList-NB-r14 ::=

SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF












NPRACH-Parameters-NB-r14

……

-- Alt1 start

TDD-ConfigCommon-NB-r15




SEQUENCE {


tdd-CarrierConfig-r15




DL-CarrierConfigCommon-NB-r14,


pcch-Config-r15






PCCH-Config-NB-r14



OPTIONAL, -- Need OR


nprach-ParametersList-r15
 


NPRACH-ParametersList-NB-r14
OPTIONAL, -- Need OR


...

}

-- Alt1 end
-- ASN1STOP

Editor’s Note: it is FFS whether DL-CarrierConfigCommon-NB-r14 and NPRACH-ParametersList-NB-r14 can be reused for TDD
	SystemInformationBlockType22-NB field descriptions

	dl-CarrierConfig
For FDD: Provides the configuration of the DL non-anchor carrier.
Alt2: For TDD: Provides the configuration of the non-anchor carrier for TDD.

	dl-ConfigList
For FDD: List of DL non-anchor carriers and associated configuration that can be used for paging and/or random access.
Alt2: For TDD: List of non-anchor carriers and associated configuration that can be used for paging and/or random access.

	npdcch-CarrierIndex

For FDD: Index of the carrier in the list of DL non anchor carriers. The first entry in the list has index '1', the second entry has index '2' and so on.

If the field is absent, the DL anchor carrier is used.
For TDD: This parameter is absent and the same carrier is used in uplink and downlink.

	……

	Alt1:  tdd-CarrierConfig

Provides the configuration of the non-anchor carrier for TDD.

	Alt1: tdd-ConfigList

List of non-anchor carriers and associated configuration that can be used for paging and/or random access.

	ul-CarrierFreq

For FDD: UL carrier frequency of the non-anchor carrier as defined in TS 36.101 [42, 5.7.3F]. 

	ul-ConfigList
For FDD: List of UL non-anchor carriers and associated configuration that can be used for random access. 

Alt 1: For TDD: this parameter is absent.
Alt 2: For TDD: E-UTRAN configures ul-ConfigList-r15 and includes the same number of entries as in dl-ConfigList. The UL carrier frequency of the non-anchor carrier is equal to the DL carrier frequency.


	Conditional presence
	Explanation

	pcch-Config
	This field is optionally present, Need OP, if the field dl-ConfigList is present and at least one of the carriers in dl-ConfigList is configured for paging. Otherwise the field is not present and only the anchor carrier is used for paging.

	nprach-config
	This field is mandatory present, if the field ul-ConfigList is present and at least one of the carriers in ul-ConfigList is configured for random access. Otherwise the field is not present and only the anchor carrier is used for random access.

	TDD
	This field is optionally present, Need OR, for TDD.  Otherwise the field is not present.


In alternative 1, a single list is signalled (save some signalling) but this creates some distinction between FDD and TDD and will have impact on MAC and PHY specification. In alternative 2, there are two lists (and associated overhead) but no distinction. We prefer alternative 2 to avoid impact on MAC and PHY specification.
Proposal 4: Alternative 2 is used to specify carrier list in SIB22-NB for TDD mode.
2.4 System information scheduling
RAN1 has agreed that on the anchor carrier with 16 SIB1-NB repetitions, SIB1-NB can be transmitted on either of subframe #0 or subframe #4 and that the subframe index and TBS is indicated by schedulingInfoSIB1. 
RAN1 has also agreed that when SIB-NB is transmitted on a non-anchor carrier, two subframes, i.e., subframe #0 and #5 in the same radio frame, are used for SIB1-NB transmission in every other radio frame.
This needs to be captured in section 5.2.1.2a of TS 36.331 for system information scheduling in NB-IoT:
5.2.1.2a
Scheduling for NB-IoT
The MasterInformationBlock-NB (MIB-NB) uses a fixed schedule with a periodicity of 640 ms and repetitions made within 640 ms. The first transmission of the MIB-NB is scheduled in subframe #0 of radio frames for which the SFN mod 64 = 0 and repetitions are scheduled in subframe #0 of all other radio frames. The transmissions are arranged in 8 independently decodable blocks of 80 ms duration.

The SystemInformationBlockType1-NB (SIB1-NB) uses a fixed schedule with a periodicity of 2560 ms. For FDD, SIB1-NB transmission occurs in subframe #4 of every other frame in 16 continuous frames. For TDD, SIB1-NB transmission on the anchor carrier occurs in either subframe #0 or subframe #4 of every other frame in 16 continuous frames and SystemInformationBlockType1-NB transmission on a non-anchor carrier occurs in subframe #0 and subframe #5 of every other frame in 16 continuous frames. The starting frame for the first transmission of the SIB1-NB is derived from the cell PCID and the number of repetitions within the 2560 ms period and repetitions are made, equally spaced, within the 2560 ms period (see TS 36.213 [23]). TBS for SystemInformationBlockType1-NB and the repetitions made within the 2560 ms and, for TDD SystemInformationBlockType1-NB transmission on the anchor carrier the subframe index, are indicated by schedulingInfoSIB1 field in the MIB-NB.

Proposal 5: Clarify SIB1-NB transmission in section 5.2.1.2a of RRC specification.
It was proposed in the e-mail discussion [5] that the system information transmission in TDD mode is restricted on up to 2 carriers. In this case, in order to get benefit on signalling overhead, we think the carrier information should be provided by MIB-NB in case SI messages are transmitted on non-anchor carrier.
It was also proposed in the e-mail discussion that RAN2 should discuss the following questions for MIB design for TDD mode:
· Whether to have a new MIB-TDD or have a common MIB

· Whether MIB carries the carrier information for the other carrier independently of it being used for SIB1-NB or SI messages

· Whether the signaling should allow both SIB1 and SI messages at the same time on the anchor carrier

· How to introduce the necessary information in MIB

We think a new MIB-TDD can make the signalling simpler since there is no need to consider the impact on legacy FDD system. With the restrictions of up to 2 carriers for system information, in any case, at most one non-anchor carrier information is needed in MIB. Thus we think the carrier information in MIB can be used for both SIB1-NB and SI messages, depending on which one is carried by the non-anchor carrier. In our understanding, there is no need to exclude any of the following cases for system transmission and the signalling in MIB should allow all of them:
· SIB1-NB and SI messages all on the anchor carrier

· SIB1-NB on the anchor carrier and SI messages on a non-anchor carrier

· SIB1-NB on a non-anchor carrier and SI messages on the anchor carrier

· SIB1-NB and SI messages all on a non-anchor carrier

Based on the above analysis, we have the following text proposal for MIB-TDD:
MasterInformationBlock-TDD-NB
-- ASN1START

MasterInformationBlock-TDD-NB ::=
SEQUENCE {


systemFrameNumber-MSB-r15

BIT STRING (SIZE (4)),


hyperSFN-LSB-r15



BIT STRING (SIZE (2)),


schedulingInfoSIB1-r15


INTEGER (0..15),


systemInfoValueTag-r15


INTEGER (0..31),


ab-Enabled-r15




BOOLEAN,


operationModeInfo-r15


CHOICE {



inband-SamePCI-r15



Inband-SamePCI-NB-r15,



inband-DifferentPCI-r15


Inband-DifferentPCI-NB-r15,



guardband-r15




Guardband-NB-r15,



standalone-r15




Standalone-NB-r15

},

freqSystemInfo-r15


CHOICE {



anchor-r15





NULL,



nonAnchor-r15




NonAnchor-SystemInfo-NB-r15


},

NonAnchor-SystemInfo-NB-r15 ::=


SEQUENCE {


systemInfoNonAnchor-r15 

ENUMERATED {sib1, si, both},

carrierLocation-r15



ENUMERATED {higher, lower}
}


spare






BIT STRING (SIZE (117))

}

ChannelRasterOffset-NB-r15 ::= ENUMERATED {khz-7dot5, khz-2dot5, khz2dot5, khz7dot5}

Guardband-NB-r15 ::=


SEQUENCE {


rasterOffset-r15



ChannelRasterOffset-NB-r15,


spare






BIT STRING (SIZE (3))

}

Inband-SamePCI-NB-r15 ::=

SEQUENCE {


eutra-CRS-SequenceInfo-r15

INTEGER (0..31)

}

Inband-DifferentPCI-NB-r15 ::=
SEQUENCE {


eutra-NumCRS-Ports-r15


ENUMERATED {same, four},


rasterOffset-r15



ChannelRasterOffset-NB-r15,


spare






BIT STRING (SIZE (2))

}

Standalone-NB-r15 ::=


SEQUENCE {


spare






BIT STRING (SIZE (5))

}

-- ASN1STOP

Editor’s Note: SIB1-NB transmission on non-anchor carrier for guard-band combinations is FFS.
Editor’s Note: it is FFS whether frequency offset needs to be signalled for SIB1-NB transmission on non-anchor carrier for standalone + standalone scenario.
Proposal 6: Introduce a new MIB for TDD mode.
3 Conclusion

This paper focus on some remaining issues of TDD in NB-IoT. The corresponding proposals are listed below. 
Proposal 1: tdd-Config-r15 is introduced into the IE RadioResourceConfigCommonSIB-NB to provide the UL/DL configuration and special subframe configuration for TDD mode in NB-IoT.
Proposal 2: nprach-PreambleFormat-tdd-r15 is introduced into the IE NPRACH-ConfigSIB-NB to indicate cyclic prefix length for NPRACH transmission and preamble format for TDD mode.

Proposal 3: ul-CarrierFreq in IE CarrierConfigDedicated-NB, SIB2-NB and SIB22-NB is not needed for TDD mode in NB-IoT.
Proposal 4: Alternative 2 is used to specify carrier list in SIB22-NB for TDD mode.

Proposal 5: Clarify SIB1-NB transmission in section 5.2.1.2a of RRC specification.

Proposal 6: Introduce a new MIB for TDD mode.
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