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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

In the last RAN2#101, the following agreements on system information scheduling in TDD mode were made [2]:

	· 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.


In the last RAN1#92, the following agreements for TDD mode were made [3]:
	· On an anchor carrier with 16 SIB1-NB repetitions, SIB1-NB can be transmitted on either of subframe #0 or subframe #4. FFS how the subframe is known to UE.
· The following pairings of anchor and non-anchor SIB1-NB transmissions are supported:

· In-band anchor + in-band non-anchor

· Guard-band anchor + guard-band non-anchor, FFS which guard-band combinations the signaling will permit

· Guard-band anchor + in-band non-anchor, at least for differentPCI (FFS for samePCI)

· Standalone anchor + standalone non-anchor
· Define the following NPRACH formats

Format

Description

G

P

N

CP length 

Nominal cell size

0

Two symbol groups followed by a guard time fit into 1 UL subframe
2

4

1

4778 Ts

(~155.5us)

~23.3km

1

Two symbol groups followed by a guard time fit into 2 UL subframes
2

4

2

8192 Ts

(~266.7us)

~40.0km

2

Two symbol groups followed by a guard time fit into 3 UL subframes
2

4

4

8192 Ts

(~266.7us)

~40.0km

0-a

Three symbol groups followed by a guard time fit into 1 UL subframe
3

6

1

1536 Ts

(~49.95us)

~7.5km

1-a

Three symbol groups followed by a guard time fit into 2 UL subframes

3

6

2

3072 Ts

(~99.9us)

~15.0km

· UL/DL configuration and the special subframe configuration are indicated via SIB1-NB.

· For standalone mode, at least the same UL/DL configurations as TDD NB-IoT in-band/guard-band are supported. FFS new UL/DL configurations in standalone.
· Confirm the following working assumption as agreement.

· TDD NB-IoT will support all LTE special subframe configurations

· FFS CRS-less special subframe configuration 10 is supported
· For in-band

· UpPTS is not used for NPUSCH and NPRACH

· For standalone and guard-band

· In the LTE special subframe configurations, UpPTS behaviour is the same as in-band

· For standalone

· FFS if to introduce new special subframe configurations comprising ‘DwPTS+GP’ and ‘GP+UpPTS’ , and FFS the use of DwPTS/UpPTS in them

· Supporting two HARQ processes is an optional UE capability in NB-IoT TDD system.

· A 2-HARQ capable UE configured with 2 HARQ processes can be scheduled to transmit in UL subframes that occur during a DL reception, and receive in DL subframes that occur during a UL transmission.

· Higher layers signal one bitmap containing to indicate whether the DL/UL/special subframes are valid or not.

· The length of the bitmap applies to

· For guard-band: 10 ms

· For standalone: 10 ms

· FFS: other values if any for co-existence purpose 

· For in-band: At least 10 ms and 40 ms are supported; FFS if also an 80 ms length is supported for coexistence with dynamic TDD.

· The maximum UL and DL TBS for Cat. NB1 and Cat. NB2 are kept the same as Rel-13/Rel-14 (e)NB-IoT FDD systems


In this contribution, we focus on the configuration of TDD mode based on above RAN1 agreements.
2 Discussion
According to RAN1 agreements in the last RAN1#92 meeting, the signalling for following aspects needs to be discussed in RAN2:

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

· UL carrier frequency
· Bitmap for invalid subframes

· HARQ processes capability and configuration

· SIB transmission 

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 CRS-less special subframe configuration 10 is supported.
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-CP-Length-tdd-r15


ENUMERATED {us155dot5, us266dot7-1,
us266dot7-2, us49dot95,













us99dot9}


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, nprach-CP-Length-tdd
Cyclic prefix length for NPRACH transmission (TCP), see TS 36.211 [21, 10.1.6] for FDD and [21, FFS] for TDD. Value us66dot7 corresponds to 66.7 microseconds and value us266dot7 corresponds to 266.7 microseconds. The UE shall use nprach-CP-Length-tdd, if present, and ignore the value signalled in nprach-CP-Length.


	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-CP-Length-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 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 and SIB22-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.


In SIB22-NB for NPRACH on the anchor carrier, tdd-ConfigCommonList-NB-r15 can be introduced to provide list of TDD non-anchor carriers and associated configuration that can be used for paging and/or random access:
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,


...,


[[
tdd-ConfigList-r15



TDD-ConfigCommonList-NB-r15

OPTIONAL

-- Need OR


]]
}

TDD-ConfigCommonList-NB-r15 ::=
 
SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF 












TDD-ConfigCommon-NB-r15 

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

ConfigCommon-TDD-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
}

DL-ConfigCommon-NB-r14 ::=


SEQUENCE {


dl-CarrierConfig-r14



DL-CarrierConfigCommon-NB-r14,


pcch-Config-r14  




PCCH-Config-NB-r14


OPTIONAL, -- Need OR


...

}

PCCH-Config-NB-r14 ::=



SEQUENCE {


npdcch-NumRepetitionPaging-r14

ENUMERATED {












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












r256, r512, r1024, r2048, 












spare4, spare3, spare2, spare1} OPTIONAL, -- Need OP


pagingWeight-r14





PagingWeight-NB-r14 
DEFAULT w1,


...

}

PagingWeight-NB-r14
::= 


ENUMERATED {w1, w2, w3, w4, w5, w6, w7, w8,













w9, w10, w11, w12, w13, w14, w15, w16}

UL-ConfigCommon-NB-r14 ::=


SEQUENCE {


ul-CarrierFreq-r14




CarrierFreq-NB-r13,


nprach-ParametersList-r14  


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


...

}

NPRACH-ParametersList-NB-r14 ::=

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












NPRACH-Parameters-NB-r14

NPRACH-Parameters-NB-r14 ::=


SEQUENCE {


nprach-Parameters-r14




SEQUENCE {



nprach-Periodicity-r14 




ENUMERATED {ms40, ms80, ms160, ms240, 
















ms320, ms640, ms1280, ms2560} 














OPTIONAL,
-- NEED OP 



nprach-StartTime-r14




ENUMERATED {ms8, ms16, ms32, ms64, 
















ms128, ms256, ms512, ms1024}














OPTIONAL,
-- NEED OP



nprach-SubcarrierOffset-r14



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














OPTIONAL,
-- NEED OP



nprach-NumSubcarriers-r14



ENUMERATED {n12, n24, n36, n48} 














 OPTIONAL,
-- NEED OP



nprach-SubcarrierMSG3-RangeStart-r14
ENUMERATED {zero, oneThird, twoThird, one}














OPTIONAL,
-- NEED OP



npdcch-NumRepetitions-RA-r14


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
















r256, r512, r1024, r2048, 
















spare4, spare3, spare2, spare1} 














OPTIONAL,
-- NEED OP



npdcch-StartSF-CSS-RA-r14



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















OPTIONAL,
-- NEED OP



npdcch-Offset-RA-r14




ENUMERATED {zero, oneEighth, oneFourth, threeEighth}














OPTIONAL,
-- NEED OP



nprach-NumCBRA-StartSubcarriers-r14

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
















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














OPTIONAL,
-- NEED OP  



npdcch-CarrierIndex-r14




INTEGER (1..maxNonAnchorCarriers-NB-r14) 














OPTIONAL, 
-- Need OP 



...


}
OPTIONAL
-- Need OR

}

NPRACH-ProbabilityAnchorList-NB-r14 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF













NPRACH-ProbabilityAnchor-NB-r14

NPRACH-ProbabilityAnchor-NB-r14 ::=

SEQUENCE {


nprach-ProbabilityAnchor-r14


ENUMERATED {













zero, oneSixteenth, oneFifteenth, oneFourteenth, 













oneThirteenth, oneTwelfth, oneEleventh, oneTenth,













oneNinth, oneEighth, oneSeventh, oneSixth,













oneFifth, oneFourth, oneThird, oneHalf} 















OPTIONAL 
-- Need OP 

}

-- ASN1STOP

	SystemInformationBlockType22-NB field descriptions

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

	tdd-ConfigList 

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

	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.


Proposal 3: ul-CarrierFreq in IE CarrierConfigDedicated-NB, SIB2-NB and SIB22-NB is not needed for TDD mode in NB-IoT.
2.4 Bitmap for invalid subframes
According to RAN1 agreements, a bitmap to indicate whether the DL/UL/special subframes are valid or not is needed. For guard-band and standalone operation modes, the length of the bitmap is10ms. For standalone operation mode, the length of bitmap can be to 10ms or 40ms. Whether 80ms length is supported for standalone operation mode is still FFS.

In FDD mode, there is only a bitmap for the downlink carrier to indicate which downlink subframes are valid or not, i.e. downlinkBitmap-r13 in SIB1-NB for the anchor carrier and downlinkBitmapNonAnchor-13/14 in IEs DL-CarrierConfigCommon-NB and CarrierConfigDedicated-NB for non-anchor carriers. For the anchor carrier, the same parameter downlinkBitmap-r13 in SIB1-NB as in FDD mode can be used to indicate whether DL/UL/special subframes are valid or not in TDD mode
Proposal 4: The existing parameter downlinkBitmap-r13 in SIB1-NB is reused to indicate whether DL/UL/special subframes are valid or not on the anchor carrier in TDD mode.

Similarly, the same parameters downlinkBitmapNonAnchor-13 in the IE CarrierConfigDedicated-NB and downlinkBitmapNonAnchor-14 in the IE DL-CarrierConfigCommon-NB as in FDD mode can be used to indicate whether DL/UL/special subframes are valid or not on non-anchor carriers in TDD mode.
Proposal 5: The existing parameters downlinkBitmapNonAnchor-13 in IE CarrierConfigDedicated-NB and downlinkBitmapNonAnchor-14 in IE DL-CarrierConfigCommon-NB are reused to indicate whether DL/UL/special subframes are valid or not on non-anchor carriers in TDD mode.
2.5 2-HARQ processes

According to RAN1 agreements, the support of 2-HARQ processes is optional at the UE with capability reporting to the eNB in TDD mode. In FDD mode, the parameter twoHARQ-Processes-r14 in the IE UE-Capability-NB is used to report the support of 2-HARQ processes to the eNB and the parameter twoHARQ-ProcessesConfig-r14 in IE PhysicalConfigDedicated-NB is used to enable the use 2-HARQ processes to the UE. Following a similar approach, twoHARQ-Processes-tdd-r15 can be introduced in IE UE-Capability-NB to report the support of 2-HARQ processes in TDD mode and the existing parameter twoHARQ-ProcessesConfig-r14 can be reused to configure the use of 2-HARQ processes for TDD mode.
Proposal 6: twoHARQ-Processes-tdd-r15 is introduced in the IE UE-Capability-NB to report the support of 2-HARQ processes in TDD mode.
Proposal 7: The existing parameter twoHARQ-ProcessesConfig-r14 in IE PhysicalConfigDedicated-NB is reused to configure the use of 2-HARQ processes in TDD mode.
2.6 SIB transmission

SIB1-NB transmission on non-anchor carrier
For the case in which SIB1-NB is transmitted on the anchor carrier with 16 repetitions, RAN1 has agreed that SIB1-NB can be transmitted on either of subframe #0 or subframe #4. FFS how the subframe is known to UE. In our understanding, there are 2 options to let the UE to know the subframe:
· Option 1: Using 1 spare bit in MIB to indicate whether the SIB1-NB transmission is on subframe #0 or subframe #4.

· Option 2: Using the reserved states in schedulingInfoSIB1-r13 in MIB-NB. According to the following table in table 16.4.1.3-3 and table 16.4.1.5.2.1 in 36.213 [3], there are 4 reserved states in schedulingInfoSIB1-r13 which can be used to indicate the SIB1-NB is transmitted on subframe #0.
Table 16.4.1.3-3: Number of repetitions for NPDSCH carrying SystemInformationBlockType1-NB.

	Value of schedulingInfoSIB1
	Number of NPDSCH repetitions

	0
	4

	1
	8

	2
	16

	3
	4

	4
	8

	5
	16

	6
	4

	7
	8

	8
	16

	9
	4

	10
	8

	11
	16

	12-15
	Reserved

	12
	16 (subframe #0)

	13
	16 (subframe #0)

	14
	16 (subframe #0)

	15
	16 (subframe #0)


Table 16.4.1.5.2-1: Transport block size (TBS) table for NPDSCH carrying SystemInformationBlockType1-NB
	
[image: image1.wmf]TBS

I


	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	TBS
	208
	208
	208
	328
	328
	328
	440
	440
	440
	680
	680
	680
	208
	328
	440
	680


We think Option 2 is better since 1 spare bit in MIB-NB can be save compared to option 1, but it is up to RAN1 to make the decision
Proposal 8: Wait for RAN1 to decide on how to signal that subframe #0 is used for SIB1-NB transmission on the anchor carrier.
SIs transmission on non-anchor carrier
RAN2 has agreed that the current parameters in SIB1-NB to schedule SIs on the anchor carrier (i.e. schedulingInfoList, si-WindowLength and si-RadioFrameOffset) can also be used to schedule SI on a non-anchor carrier. Besides the scheduling information, information about the non-anchor carrier carrying the SI also needs to be signalled in SIB1-NB.
Similarly to SIB1-NB reception on non-anchor carrier, we think carrier frequency, indexToMidPRB, and eutra-NumCRS-Ports are needed.
Another difference is about eutraControlRegionSize. The first 3 OFDM symbols which are not used for the LTE control region will be used for the transmission of SIs in NB-IoT FDD mode. Thus, assuming the same principle as in FDD mode is used for TDD mode, this parameter is needed for the reception of SIS on non-anchor carrier.
Thus, we think the carrier frequency, indexToMidPRB, eutra-NumCRS-Ports, and eutraControlRegionSize need to be indicated by SIB1-NB for the UEs to receive SIs on non-anchor carrier. A new parameter si-CarrierConfig-tdd-r15 can be introduced to provide the carrier configuration for SIs reception on non-anchor carrier. The legacy structure DL-CarrierConfigCommon-NB-r14 can be used for si-CarrierConfig-tdd-r15 since all above information are included.
SystemInformationBlockType1-NB message
-- ASN1START

……
SystemInformationBlockType1-NB-v1450 ::= SEQUENCE {


nrs-CRS-PowerOffset-v1450



ENUMERATED {dB-6,  dB-4dot77, dB-3,














dB-1dot77, dB0,       dB1,














dB1dot23,  dB2,       dB3,














dB4,       dB4dot23,  dB5,














dB6,       dB7,       dB8,














dB9}

OPTIONAL,
-- Cond inband-SamePCI-ExceptAnchor


nonCriticalExtension



SEQUENCE {}SystemInformationBlockType1-NB-v15xy




OPTIONAL

}

SystemInformationBlockType1-NB-v15xy ::= SEQUENCE {


si-CarrierConfig-tdd-r15

DL-CarrierConfigCommon-NB-r14

OPTIONAL
-- Cond TDD
}

……
-- ASN1STOP

Proposal 9: The carrier frequency, indexToMidPRB, eutra-NumCRS-Ports, and eutraControlRegionSize need to be indicated by SIB1-NB for the UEs to receive SIs on non-anchor carrier.
3 Conclusion

This paper focus on the configuraion 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-CP-Length-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: The existing parameter downlinkBitmap-r13 in SIB1-NB is reused to indicate whether DL/UL/special subframes are valid or not on the anchor carrier in TDD mode.

Proposal 5: The existing parameters downlinkBitmapNonAnchor-13 in IE CarrierConfigDedicated-NB and downlinkBitmapNonAnchor-14 in IE DL-CarrierConfigCommon-NB are reused to indicate whether DL/UL/special subframes are valid or not on non-anchor carriers in TDD mode.
Proposal 6: twoHARQ-Processes-tdd-r15 is introduced in the IE UE-Capability-NB to report the support of 2-HARQ processes in TDD mode.
Proposal 7: The existing parameter twoHARQ-ProcessesConfig-r14 in IE PhysicalConfigDedicated-NB is reused to configure the use of 2-HARQ processes in TDD mode.
Proposal 8: Wait for RAN1 to decide on how to signal that subframe #0 is used for SIB1-NB transmission on the anchor carrier.
Proposal 9: The carrier frequency, indexToMidPRB, eutra-NumCRS-Ports, and eutraControlRegionSize need to be indicated by SIB1-NB for the UEs to receive SIs on non-anchor carrier.
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