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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

RAN1 has started discussions and work on the design of TDD in the last RAN1#90 and made the following agreements [2]:
	Downlink aspects:
· We will position NPSS and NSSS and NPBCH in subframes from among the set: {0, 4, 5, 8, 9} – FFS which precise subframes.

· If NPSS and NSSS are the same as FDD:

· The combination of {NPSS in subframe #5 and NSSS in subframe #9} is a precluded option.

· Subframes 0 and 5 will certainly be used
· NPSS uses

· The last 11 OFDM symbols in one subframe

· As a working assumption: the lower 11 subcarriers in  one subframe

· As a working assumption: the same cover code as in FDD

· The design shall be decodable within the same signal processing effort as the design used for FDD

· RAN1 intends to prefer NPSS designs for TDD with the smallest practicable impact to FDD NB-IoT UEs’ initial cell acquisition

· The transmission of SIB1-NB is FFS between:

· Always on the same NB-IoT carrier as NPSS/NSSS

· Always on a different NB-IoT carrier as NPSS/NSSS

· Can be on a different NB-IoT carrier as NPSS/NSSS

· Other SIBs than SIB1-NB can be transmitted on non-anchor carrier

Uplink aspects:
· NPRACH for TDD supports single-tone with frequency hopping

· Multi-tone NPRACH formats can also be considered

· FFS details of frequency hopping

· One symbol group is defined by one CP, and N symbols. 

· FFS the value(s) of N

· FFS CP durations, symbol duration

· A preamble is defined by P symbol groups

· FFS: Guard time usage

· Repetition of NPRACH preamble is supported

· The cell radius target for TDD NPRACH is FFS

Common aspects:
· Send a LS to the RAN4 to:

· Ask what is the minimum time for DL-to-UL and UL-to-DL switching on one NB-IoT carrier for TDD NB-IoT UEs. 

· MCL target of 164 dB at an ‘application layer’ data rate of 160 bps is targeted for at least one UL:DL configuration (FFS which one or more than one).

· NOTE: The at least one UL:DL configuration may or may not be different for UL MCL target than DL MCL target

· For evaluations, the FDD numbers of repetitions for physical channels are assumed 

· FFS the noise figure (eNB and UE) which will be assumed

· The 2.6 GHz TDD band is prioritized for evaluations

· This does not imply that 164 dB MCL or ‘application layer’ data rate targets will be relaxed

· Targets of latency, and capacity may be relaxed for TDD NB-IoT.

· For DL: subcarrier spacing, CP length, symbol length, subframe length, and radio frame length are the same in TDD as FDD

· At least NPSS, NSSS are transmitted on the same NB-IoT carrier.

· Non-anchor carriers at least for unicast, paging and RACH are supported in NB-IoT TDD


In this contribution, we focus on the possible RAN2 impacts to support TDD in NB-IoT.

2 Discussion
2.1 General
In legacy LTE, FDD mode and TDD mode have different frame structures. For FDD, uplink and downlink transmissions are separated on different frequencies. In each uplink system frame, 10 subframes are available for uplink transmissions and in each downlink system frame, 10 subframes are available for downlink transmissions. For TDD, uplink and downlink transmissions are on the same frequency. In each system frame, there are several subframes available for uplink transmissions and several subframes for downlink transmissions. The numbers of subframes for uplink and downlink are configured by subframeAssignment in TDD-Config [3]. The subframes assignments for uplink and downlink are shown in the following table [4]:
	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


According to the table, the numbers of uplink and downlink subframes in each system frame are:

· Configuration 0: 6 subframes for uplink and 2 subframes for downlink

· Configuration 1: 4 subframes for uplink and 4 subframes for downlink
· Configuration 2: 2 subframes for uplink and 6 subframes for downlink

· Configuration 3: 3 subframes for uplink and 6 subframes for downlink
· Configuration 4: 2 subframes for uplink and 7 subframes for downlink

· Configuration 5: 1 subframes for uplink and 8 subframes for downlink
· Configuration 6: 5 subframes for uplink and 3 subframes for downlink

In legacy LTE, each transport block is transmitted in one subframe and there is no repetition for coverage enhancements. Thus, the transmission duration of one transport block is the same between FDD mode and TDD mode. However, in NB-IoT, repetition was introduced for coverage enhancements and the transmission duration for each repetition can be several subframes. For uplink, depending on single-tone/multi-tone, MCS and TBS, the transmission duration for each repetition can range from 1 subframe to 320 subframes [4], [5]. For downlink, depending on MCS and TBS, the transmission duration for each repetition can range from 1 subframe to 10 subframes [4], [5]. Since not all subframes in one system frame are available for uplink or downlink transmissions, compared to NB-IoT FDD mode, the transmission duration in NB-IoT TDD mode could be larger, at least for large TBS or coverage enhancement cases.
Observation 1: The transmission duration in NB-IoT TDD mode can be larger than in FDD mode, at least for large TBS or coverage enhancement cases.
Due to the different system frame structure and the possible long transmission duration in NB-IoT TDD mode, timer extension, impact on PO calculation and impact on RA-RNTI calculation need to be considered by RAN2. 
In NB-IoT FDD, NPSS/NSSS and system information are always transmitted on anchor carrier. For NB-IoT TDD, using different carriers for NPSS/NSSS, SIB1-NB and other system information transmission is being discussed in RAN1, which will have RAN2 impacts on system information scheduling.
In the rest of this contribution, RAN2 impacts to support TDD are discussed.
2.2 Timer extensions for TDD mode
2.2.1 RRC timers
The RRC timers applicable to NB-IoT are listed as follows:

	Timer
	Start
	Stop
	At expiry

	T300

NOTE1

	Transmission of RRCConnectionRequest or RRCConnectionResumeRequest
	Reception of RRCConnectionSetup, RRCConnectionReject or RRCConnectionResume message, cell re-selection and upon abortion of connection establishment by upper layers
	Perform the actions as specified in 5.3.3.6

	T301

NOTE1

	Transmission of RRCConnectionReestabilshmentRequest
	Reception of RRCConnectionReestablishment or RRCConnectionReestablishmentReject message as well as when the selected cell becomes unsuitable
	Go to RRC_IDLE

	T310

NOTE1

NOTE2
	Upon detecting physical layer problems for the PCell i.e. upon receiving N310 consecutive out-of-sync indications from lower layers
	Upon receiving N311 consecutive in-sync indications from lower layers for the PCell, upon triggering the handover procedure and upon initiating the connection re-establishment procedure
	If security is not activated: go to RRC_IDLE else: initiate the connection re-establishment procedure 

	T311

NOTE1
	Upon initiating the RRC connection re-establishment procedure
	Selection of a suitable E-UTRA cell or a cell using another RAT.
	Enter RRC_IDLE


· T300 and T301
T300 and T301 are used to avoid too many random access re-attempts when the network is overloaded or the wireless environment is extremely bad.
T300 controls the RRC connection establishment procedure and T301 controls the RRC connection re-establishment procedure. When the timer expires, the UE aborts the procedure, releases all radio resources and goes to IDLE. 

These two timers have been extended for NB-IoT FDD mode compared to legacy LTE and have the same value range:

t300-r13






ENUMERATED {












ms2500, ms4000, ms6000, ms10000,












ms15000, ms25000, ms40000, ms60000},
 
t301-r13






ENUMERATED {












ms2500, ms4000, ms6000, ms10000,












ms15000, ms25000, ms40000, ms60000},
Both T300 and T301 should cover the whole random access procedure, including Msg1 – Msg4 transmissions and several possible re-attempts. Backoff also needs to be considered. Considering the transmission duration is larger in TDD mode, T300 and T301 for NB-IoT TDD mode may need further extension. Thus, it is proposed to discuss further extension of T300 and T301 for NB-IoT TDD mode.
Proposal 1: RAN2 to discuss the further extension of T300 and T301.
· T310
T310 is used to detect physical layer problems. . When it expires, the UE initiates the RRC re-establishment procedure or go to IDLE. T310 has been extended for NB-IoT FDD mode compared to legacy LTE:


t310-r13






ENUMERATED {












ms0, ms200, ms500, ms1000, ms2000, ms4000, ms8000},

Considering that T310 is not directly related to the transmission duration, it is proposed to reuse the value range of NB-IoT FDD mode for TDD mode.
Proposal 2: Reuse the value range of T310 in FDD mode for TDD mode in NB-IoT.
· T311
T311 is started upon initiating the RRC connection re-establishment procedure in the new cell. If it expires, the UE will go to IDLE. This timer should cover the time for system information acquisition (for MIB-NB, SIB1-NB and SIB2-NB in the new cell). T310 has been extended for NB-IoT FDD mode compared to legacy LTE:


t311-r13






ENUMERATED {












ms1000, ms3000, ms5000, ms10000, ms15000,












ms20000, ms30000},


n311-r13






ENUMERATED {












n1, n2, n3, n4, n5, n6, n8, n10},


...,


[[ t311-v1350





ENUMERATED {












ms40000, ms60000, ms90000, ms120000}















OPTIONAL
-- Need OR


]]

Considering that the duration of system information acquisition and random access procedure could be larger in TDD mode, T311 may need further extension for NB-IoT TDD mode. Thus, it is proposed to discuss further extension of T311 for NB-IoT TDD mode.
Proposal 3: RAN2 to discuss further extension of T311 for NB-IoT TDD mode.

2.2.2 PDCP timer
· discardTimer
There is only one PDCP related timer discardTimer in PDCP-Config-NB. This timer is used to avoid long buffering. When one PDCP SDU reception is confirmed by the receiver or the timer expires, the transmitter will discard this PDCP SDU. The value of this timer is related to transmission duration and was extended in NB-IoT FDD mode compared to legacy LTE:

discardTimer-r13


ENUMERATED {










ms5120, ms10240, ms20480, ms40960, 










ms81920, infinity, spare2, spare1









}
OPTIONAL,


-- Cond Setup

Typically this timer is used for real time services with data validity time. However, considering that the major traffic model of NB-IoT is small data transmission (normally less than 4 PDCP SDUs) and the value range has been extended for NB-IoT FDD mode (including infinity value), it is proposed to reuse the discardTimer value range for NB-IoT TDD mode.

Proposal 4: Reuse the value range of PDCP discardTimer in FDD mode for TDD mode in NB-IoT.
2.2.3 RLC timers
· t-reordering
The timer t-reordering is used to detect loss of RLC PDUs in the lower layers. This timer is only used in multi HARQ processes configuration. The value of t-reordering should be decided taking into account HARQ retransmission delay and transmission duration However, the use of 2 HARQ processes is intended for UEs in good coverage to increase their peak data rate, which means the repetition number for both NPDCCH and NPDSCH/NPUSCH of these UEs will be quite low. Thus, there is no need to extend it for TDD mode and it is proposed to reuse the value range of t-reordering of NB-IoT FDD mode.
Proposal 5: Reuse the value range of t-reordering in FDD mode for TDD mode in NB-IoT.
· t-PollRetransmit
The timer t-PollRetransmit is used in the transmitter to control the retransmission of a poll. The value of t-PollRetransmit should be decided taking into account the HARQ attempts and scheduling delays. The value of this timer is related to transmission duration and was extended in NB-IoT FDD mode compared to legacy LTE:

T-PollRetransmit-NB-r13 ::=
ENUMERATED {










ms250, 
ms500,
ms1000,
ms2000,
ms3000,
ms4000, 










ms6000, ms10000, ms15000, ms25000, ms40000, ms60000, 










ms90000, ms120000, ms180000, spare1}

Considering that the transmission duration in TDD mode could be larger than FDD mode, further extension to this timer may be needed for NB-IoT TDD mode. Thus, it is proposed to discuss the further extension of t-PollRetransmit for NB-IoT TDD mode.
Proposal 6: RAN2 to discuss the further extension of t-PollRetransmit for NB-IoT TDD mode.
2.2.4 MAC timers
· MAC timers whose unit is NPDCCH period
Considering the long transmission duration compared to LTE and the wider variation of the transmission duration among different coverage levels in NB-IoT, many MAC timers have been extended compared to legacy LTE by using NPDCCH period as the unit. NPDCCH period is linked to the NPDCCH search space design of RAN1 and scales with the level of coverage enhancements. From this perspective, if the concept of NPDCCH period can be used for TDD mode also, there is no need to extend this kind of MAC timers for TDD mode. But the final decision can be made according to RAN1 input about search space design for TDD mode. The timers using NPDCCH period as the unit are listed as follows:
· onDurationTimer
· drx-InactivityTimer
· drx-RetransmissionTimer
· drx-ULRetransmissionTimer

· ra-ResponseWindowSize

· mac-ContentionResolutionTimer

Proposal 7: If the concept of NPDCCH period can be used for TDD mode, reuse the value range of MAC timers whose unit is NPDCCH period in FDD mode for TDD mode. RAN1 input about TDD search space design is needed.

· timeAlignmentTimer
The timerAlignmentTimer is used for maintenance of uplink time alignment. Each time the UE receives a Timing Advance Command (in the RAR or in a Timing Advance Command MAC control element), the timer will be started or restarted. If the timer expires, the UE considers it has lost UL synchronisation. If new UL data needs to be transmitted, the UE needs to initiate a random access procedure to receive a TA command to achieve uplink time alignment again.
There are two ways of signalling the timerAlignmentTimer in NB-IoT: the timeAlignmentTimerCommon defined in SystemInformationBlockType2-NB message and the timeAlignmentTimerDedicated defined in MAC-MainConfig-NB information element. The timeAlignmentTimerCommon is cell specific while the timeAlignmentTimerDedicated is UE specific. Considering that the typical use case for NB-IoT is small packet transmission for low mobility UEs, uplink time alignment is not a critical issue and the infinity value can be used. Thus, it is proposed to reuse the value range of timeAlignmentTimer of FDD mode for TDD mode in NB-IoT.

Proposal 8: Reuse the value range of timerAlignmentTimer of FDD mode for TDD mode in NB-IoT.

· DataInactivityTimer
The DataInactivityTimer was introduced in Rel-14 to solve the issue of RRC state mismatch issue by triggering UE autonomous RRC connection release after the expiry of inactivity timer. The timer is started or restarted upon reception/transmission of a MAC SDU. . Thus, the timer is not directly related to the transmission duration and it is proposed to reuse the value range of NB-IoT FDD mode for TDD mode.
Proposal 9: Reuse the value range of DataInactivityTimer of FDD mode for TDD mode in NB-IoT.

2.3 PO calculation for TDD mode
In legacy, the PO is decided by i_s formula and paging subframes pattern table [6]. The formula for both FDD and TDD mode are the same as follows:

i_s = floor(UE_ID/N) mod Ns
However, the paging subframe patterns tables for FDD mode and TDD mode are different as follows:

FDD:
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


TDD (all UL/DL configurations):

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6


The reason is that only downlink subframes and special subframes can be used for paging. Similarly, in NB-IoT, we think there is no need to change the i_s formula for TDD mode. However, a different subframe patterns table may be needed for the TDD mode depending on the design of TDD frame structure. Thus, it is proposed to discuss whether to reuse the i_s formula and the paging subframe patterns table for PO calculation after RAN1 has concluded on the TDD frame structure.
Proposal 10: Wait for RAN1 to conclude on the TDD frame structure before discussing the i_s formula and the paging subframe patterns table for PO calculation in NB-IoT TDD mode.
2.4 RA-RNTI for TDD mode
In NB-IoT, the current RA-RNTI formula is:

RA-RNTI=1 + floor(SFN_id/4) + 256*carrier_id

Whether the RA-RNTI formula needs to be updated depends on the RAR reception window size. It has been agreed that the UE only needs to monitor NPDCCH within RAR reception window after Rel-14. Taking LTE uplink-downlink configuration as a baseline for analysis, configuration 0 has the least subframes (2 subframes in 10) for downlink transmission. In this case, 2048 NPDCCH repetitions will take 10.24s for transmission in TDD mode. Therefore, although the transmission duration is large in TDD mode, the maximum RAR window size of 10.24s seems enough for at least one NPDCCH transmission. On the other hand, the current value range of RA-RNTI in NB-IoT is 1-3841. New information in RA-RNTI will further increase the value range, which may impact the number of C-RNTI. Thus, it is proposed to reuse the FDD RA-RNTI formula for TDD mode.
Proposal 11: Reuse the FDD RA-RNTI formula for TDD mode in NB-IoT.
2.5 System information scheduling in TDD mode
The system information transmission was discussed in RAN1 and using different carriers to transmit NPSS/NSSS/MIB-NB, SIB1-NB and other system information was considered:

· The transmission of SIB1-NB is FFS between:

· Always on the same NB-IoT carrier as NPSS/NSSS

· Always on a different NB-IoT carrier as NPSS/NSSS

· Can be on a different NB-IoT carrier as NPSS/NSSS

· Other SIBs than SIB1-NB can be transmitted on non-anchor carrier
If the transmission of SIB1-NB can be on another NB-IoT carrier than NPSS/NSSS/MIB-NB, besides the current scheduling information in the time domain, information about the carrier also needs to be signalled in the MIB-NB. To our understanding, at least the operation mode and an ‘indicator’ of the NB-IoT carrier are needed. Assuming the same MIB size and the same structure, there are only 11 spare bits now. 
Proposal 12: If SIB1-NB transmission on non-anchor carrier is supported, RAN2 needs to discuss how to provide the information about the NB-IoT carrier in the MIB-NB.

For SIBs other than SIB1-NB, RAN1 has agreed that transmission on non-anchor carrier is supported. Similarly, besides the scheduling information, information about the carrier needs to be signalled. Different from the reception of SIB1-NB on non-anchor carrier, in addition to operationModeInfo and CarrierFreq-NB, downlinkBitmap is also needed for the UE to know the invalid subframes on the non-anchor carrier.
Proposal 13: operationModeInfo, CarrierFreq-NB, and downlinkBitmap need to be indicated by SIB1-NB for the UEs to receive other SIBs/SIs on non-anchor carrier.

There is still no agreement in RAN1 on whether different SIBs/SIs can be transmitted on different non-anchor carriers. If it is supported, schedulingInfoList in SIB1-NB should be configured per carrier. Whether si-WindowLength and si-RadioFrameOffset are the same on different non-anchor carriers with SIB/SIs transmission needs to be discussed by RAN2.
Proposal 14: If different SIBs/Sis can be transmitted on different carriers, schedulingInfoList in SIB1-NB should be configured per carrier.
Proposal 15: If different SIBs/Sis can be transmitted on different carriers, whether si-WindowLength and si-RadioFrameOffset on non-anchor carriers with SIBs/SIs transmission are the same needs to be discussed by RAN2.

3 Conclusion

This paper focus on the RAN2 impacts due to support of TDD in NB-IoT. The corresponding observations and proposals are listed below. 
Observation 1: The transmission duration in NB-IoT TDD mode can be larger than in FDD mode, at least for large TBS or coverage enhancement cases.

Proposal 1: RAN2 to discuss the further extension of T300 and T301.

Proposal 2: Reuse the value range of T310 in FDD mode for TDD mode in NB-IoT.
Proposal 3: RAN2 to discuss further extension of T311 for NB-IoT TDD mode. .

Proposal 4: Reuse the value range of PDCP discardTimer in FDD mode for TDD mode in NB-IoT.
Proposal 5: Reuse the value range of t-reordering in FDD mode for TDD mode in NB-IoT.
Proposal 6: RAN2 to discuss the further extension of t-PollRetransmit for NB-IoT TDD mode.
Proposal 7: If the concept of NPDCCH period can be used for TDD mode, reuse the value range of MAC timers whose unit is NPDCCH period in FDD mode for TDD mode. RAN1 input about TDD search space design is needed.

Proposal 8: Reuse the value range of timerAlignmentTimer of FDD mode for TDD mode in NB-IoT.

Proposal 9: Reuse the value range of DataInactivityTimer of FDD mode for TDD mode in NB-IoT.

Proposal 10: Wait for RAN1 to conclude on the TDD frame structure before discussing the i_s formula and the paging subframe patterns table for PO calculation in NB-IoT TDD mode.
Proposal 11: Reuse the FDD RA-RNTI formula for TDD mode in NB-IoT.

Proposal 12: If SIB1-NB transmission on non-anchor carrier is supported, RAN2 needs to discuss how to provide the information about the NB-IoT carrier in the MIB-NB.

Proposal 13: operationModeInfo, CarrierFreq-NB, and downlinkBitmap need to be indicated by SIB1-NB for the UEs to receive other SIBs/SIs on non-anchor carrier.

Proposal 14: If different SIBs/Sis can be transmitted on different carriers, schedulingInfoList in SIB1-NB should be configured per carrier.
Proposal 15: If different SIBs/Sis can be transmitted on different carriers, whether si-WindowLength and si-RadioFrameOffset non-anchor carriers with SIBs/SIs transmission are the same needs to be discussed by RAN2.
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