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1 Introduction

The WID of further NB-IoT enhancements was approved in RAN#75 [1] and reviewed in RAN#76 [2].In which, the following objective is included:

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 uplink 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 this paper, we will discuss this issue and give our initial considerations.

2 Discussion

2.1 The principle for NB-IoT TDD design

It is proposed that baseline for the Rel-15 TDD NB-IoT is to support the same features as Rel-13 NB-IoT in the WID of further NB-IoT enhancements [2]. Moreover, considering that TDD NB-IoT has the similar use cases as FDD NB-IoT and the following features are not relevant to the TDD/FDD mode, we think the following features in Rel-14 NB-IoT enhancement should also be supported for the Rel-15 TDD NB-IoT:

· Lower power class UE

· CE authorization

· SC-PTM

· Positioning
· Enhancement(s) to connected mode mobility
· Dedicated frequency offset

· HARQ process

· BSR=0 indication

· UP data transfer without CIOT UP optimization
· Extension of QRxLevMin value range
· Non-anchor PRB
With the intention of expanding system capacity, multi-carrier operation for unicast transmission should be supported for TDD NB-IoT. We think multi-carrier operation in FDD NB-IoT can be reused for TDD NB-IoT. Specially, the combination of inband + inband, inband + guardband, guardband + guardband, and standalone + standalone should be allowed for multi-carrier operation in TDD NB-IoT. In addition, the overload of paging and NPRACH in anchor carrier may be more serious in TDD NB-IoT, non-anchor PRB PRACH/paging feature for TDD would be more important than for FDD. 
Proposal 1: Rel-13 NB-IoT features and the selected Rel-14 NB-IoT features should be taken as the baseline for Rel-15 TDD NB-IoT.
Furthermore, current Rel-15 enhancements for FDD NB-IoT such as early data transmission, latency and power consumption reduction are also very important for TDD NB-IoT. Common design for both FDD and TDD would be desired.
Observation 1: Common design for both FDD and TDD would be desired for the R15 NB-IoT features in order that these features can be used by Rel-15 TDD NB-IoT later.
Proposal 2: Some of Rel-15 NB-IoT enhancement features, especially early data transmission, would be supported for Rel-15 TDD NB-IoT.

TDD means that uplink carrier and downlink carrier use the same frequency. In NB-IoT, there are only one PRB per carrier, the 10 subframes of which will be divided into three parts: uplink subframes, downlink subframes and guard frames. In anchor carrier, the downlink subframes should carry the SSS/PSS/PBCH/SIB, and which subframes can be used for carry PO depends on the SSS/PSS/PBCH frame design. If the subframe 1 and 6 is not occupied by PSS/SSS/PBCH, then the PO for TDD eMTC can be reused for TDD NB-IoT.
Proposal 3: A LS needs to be sent to RAN1 to check the available PO subframes for TDD.
For the limited bandwidth of one PRB, multi-RU is usually used to transmit large PDU. For UE in EC mode, repetitions are performed to improve the transmission performance. And taken into account the in-sequence uplink and downlink transmission, the PRACH procedure delay and RRC delay will be enlarged when TDD is used. Thus, the value range of MAC timer and RRC timer may need to be expended.

Taken into account the in-sequence uplink and downlink transmission, the value range of the following parameters should be enlarged:
· the Contention Resolution Timer mac-ContentionResolutionTimer

· the RA response window size ra-ResponseWindowSize. 
What’s the enlarged value will depend on the uplink-downlink subframe configuration ratio that physical layer can support.

Proposal 4: The value range of MAC timer and RRC timer may need to be expended for TDD NB-IoT.

Proposal 5: Send a LS to RAN1 to check the supported uplink-downlink subframe configuration ratio.

MCL of 164 dB is supported in FDD NB-IoT specification. Considering that the TDD NB-IoT system also should support the devices deployed in the deep basement, the 164 dB MCL target should not be relaxed for TDD NB-IoT. The repetitions for DL/UL physical channels in FDD NB-IoT system can be reused for TDD NB-IoT and the number of repetitions can be expanded for TDD NB-IoT if needed. 
Proposal 6: MCL of 164 dB is still needed in TDD NB-IoT. The coverage enhancement techniques similar with that in FDD can be used in TDD NB-IoT system.
Taken into account that the available downlink or uplink resources of one PRB in TDD NB-IoT system are much less than that in FDD NB-IoT system, so the targets of latency, peak data rate, battery life and capacity of single carrier may need to be relaxed.
Proposal 7: Targets of latency, peak data rate, battery life and capacity may need to be relaxed for TDD NB-IoT.
2.2 TDD parameters configuration

2.2.1 Common configurations
Based on the configuration for FDD NB-IoT and with consideration on the difference between FDD and TDD, the following configuration should be considered for supporting TDD in NB-IoT:

#part 1:

To support the TDD transmission and timing relation, the TDD configuration about uplink-downlink subframe assignment(subframeAssignment) and special Subframe Patterns(specialSubframePatterns) may be provided as follows:
SystemInformationBlockType1-NB-v1430 ::=
SEQUENCE {


cellSelectionInfo-v1430



CellSelectionInfo-NB-v1430

OPTIONAL, 
-- Need OR


nonCriticalExtension



SystemInformationBlockType1-NB-r15





OPTIONAL

}

SystemInformationBlockType1-NB-r15 ::=
SEQUENCE {


tdd-Config-r15





TDD-Config-NB-r15

OPTIONAL, 
-- Need OR


nonCriticalExtension



SEQUENCE {}



OPTIONAL

}
TDD-Config-NB-r15::=





SEQUENCE {


subframeAssignment




ENUMERATED {...},


specialSubframePatterns



ENUMERATED {...},
}
Where, the value range of subframeAssignment and specialSubframePatterns depends on RAN1 frame design.
#part 2:

To support the transmission of NPRACH/paging on non-anchor TDD PRB and different uplink-downlink subframe configuration ratio, the TDD paging/PRACH non-anchor carrier list may be provided as follows:
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 {SystemInformationBlockType22-NB-r15}




OPTIONAL,


...

}
SystemInformationBlockType22-NB-r15 ::=
SEQUENCE {
tdd-CarrierConfigList-r15 
 TDD-ConfigCommonList-NB-r15
 OPTIONAL,
-- Need OR 
lateNonCriticalExtension


OCTET STRING 




OPTIONAL,


...

}
Tdd-ConfigCommonList-NB-r15 SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF 





TDD-ConfigCommon-NB-r15

TDD-ConfigCommon-NB-r15 ::=


SEQUENCE {


TDD-CarrierConfig-r15



TDD-CarrierConfigCommon-NB-r15,


pcch-Config-r15 




PCCH-Config-NB-r14


OPTIONAL, -- Need OR

    nprach-ParametersList-r15 


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

...

}

TDD-CarrierConfigCommon-NB-r15 ::=
SEQUENCE {


tdd-CarrierFreq-r15




CarrierFreq-NB-r13,
    tdd-Config-r15





TDD-Config-NB-r15

OPTIONAL, 
-- Need OR

downlinkBitmapNonAnchor-r15


CHOICE {



useNoBitmap-r15





NULL,



useAnchorBitmap-r15




NULL,



explicitBitmapConfiguration-r15

DL-Bitmap-NB-r13


},


dl-GapNonAnchor-r15




CHOICE {



useNoGap-r15





NULL,



useAnchorGapConfig-r15



NULL,



explicitGapConfiguration-r15

DL-GapConfig-NB-r13


},



inbandCarrierInfo-r15



SEQUENCE {



samePCI-Indicator-r15



CHOICE
{




samePCI-r15






SEQUENCE {





indexToMidPRB-r15




INTEGER (-55..54) 




},




differentPCI-r15




SEQUENCE {





eutra-NumCRS-Ports-r15



ENUMERATED {same, four}




}



} 
OPTIONAL,

-- Cond anchor-guardband



eutraControlRegionSize-r15

ENUMERATED {n1, n2, n3}



}
OPTIONAL,

-- Cond non-anchor-inband


nrs-PowerOffsetNonAnchor-r15 

ENUMERATED {dB-12, dB-10, dB-8, dB-6, 














dB-4, dB-2, dB0, dB3}
DEFAULT dB0, 


...

}
2.2.2 UE specific parameters configuration

Based on the CarrierConfigDedicated-NB information for FDD NB-IoT and with consideration on the difference between FDD and TDD, , the following configuration should be considered at least for PhysicalConfigDedicated-NB-r13 in order to support the dedicated carrier reconfiguration in RRC_CONNECTED state for load distribution and different uplink-downlink subframe configuration ratio:

PhysicalConfigDedicated-NB-r13 ::=
SEQUENCE {


carrierConfigDedicated-r13


CarrierConfigDedicated-NB-r13

OPTIONAL,
-- Need ON


npdcch-ConfigDedicated-r13


NPDCCH-ConfigDedicated-NB-r13

OPTIONAL,
-- Need ON


npusch-ConfigDedicated-r13


NPUSCH-ConfigDedicated-NB-r13

OPTIONAL,
-- Need ON


uplinkPowerControlDedicated-r13

UplinkPowerControlDedicated-NB-r13 
OPTIONAL,
-- Need ON


...,


[[
twoHARQ-ProcessesConfig-r14

ENUMERATED {true}
OPTIONAL
-- Need OR


]]
    [[
tdd-CarrierConfigDedicated-NB-r15 
 TDD-CarrierConfigDedicated-NB-r15
 OPTIONAL,
-- Need OR


]]
}

TDD-CarrierConfigDedicated-NB-r15 ::=
SEQUENCE {


tdd-CarrierFreq-r13





CarrierFreq-NB-r13,
    tdd-Config-r15





TDD-Config-NB-r15

OPTIONAL, 
-- Need OR
    downlinkBitmapNonAnchor-r15



CHOICE {



useNoBitmap-r15






NULL,



useAnchorBitmap-r15





NULL,



explicitBitmapConfiguration-r15


DL-Bitmap-NB-r13,



spare








NULL


}

OPTIONAL,
 -- Need ON


dl-GapNonAnchor-r15





CHOICE {



useNoGap-r15






NULL,



useAnchorGapConfig-r15




NULL,



explicitGapConfiguration-r15


DL-GapConfig-NB-r13,



spare








NULL


}

OPTIONAL,
 -- Need ON


inbandCarrierInfo-r15


SEQUENCE {



samePCI-Indicator-r15


CHOICE
{




samePCI-r13





SEQUENCE {





indexToMidPRB-r15



INTEGER (-55..54) 




},




differentPCI-r15



SEQUENCE {





eutra-NumCRS-Ports-r15


ENUMERATED {same, four}




}



} 






OPTIONAL,

-- Cond anchor-guardband



eutraControlRegionSize-r15


ENUMERATED {n1, n2, n3}



}







OPTIONAL,

-- Cond non-anchor-inband


...,


[[
nrs-PowerOffsetNonAnchor-r15

ENUMERATED {dB-12, dB-10, dB-8, dB-6, 















dB-4, dB-2, dB0, dB3}











OPTIONAL 
-- Need ON 


]]
}

Proposal 8: Based on the RAN1’s feedback on the TDD frame design, the IE over air interface messages for TDD NB-IoT configuration should be considered.
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1: Common design for both FDD and TDD would be desired for the R15 NB-IoT features in order that these features can be used by Rel-15 TDD NB-IoT later.
Proposal 1: Rel-13 NB-IoT features and the selected Rel-14 NB-IoT features should be taken as the baseline for Rel-15 TDD NB-IoT.
Proposal 2: Some of Rel-15 NB-IoT enhancement features, especially early data transmission, would be supported for Rel-15 TDD NB-IoT.
Proposal 3: A LS needs to be sent to RAN1 to check the available PO subframes for TDD.
Proposal 4: The value range of MAC timer and RRC timer may need to be expended for TDD NB-IoT.

Proposal 5: Send a LS to RAN1 to check the supported uplink-downlink subframe configuration ratio.
Proposal 6: MCL of 164 dB is still needed in TDD NB-IoT. The coverage enhancement techniques similar with that in FDD can be used in TDD NB-IoT system.
Proposal 7: Targets of latency, peak data rate, battery life and capacity may need to be relaxed for TDD NB-IoT.
Proposal 8: Based on the RAN1’s feedback on the TDD frame design, the IE over air interface messages for TDD NB-IoT configuration should be considered.
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