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1 Introduction
During RAN #76 meeting, “New WI proposal: Further NB-IoT enhancements” was approved [1]. One objectives of this work item is to specify TDD support for in-band, guard-band, and standalone operation modes of NB-IoT as follow:
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 this contribution, detailed considerations of frame structure and numerology for TDD support are presented. The main design principal is compatibility with FDD and less standardalization effort.
2 Frame structure and numerology
As agreed in the WID, three operation modes shall be supported for TDD NB-IoT, standalone, guard band operation and inband operation. For standalone carrier, it is possible to design the system easier and much more flexibility. It is possible to define dynamic TDD frame structure to support NB-IoT requirement. 

For guard band operation and inband operation, if NB-IoT TDD has a different UL/DL configuration and different special subframe configuration from the LTE carrier, interference such LTE DL to NB-IoT uplink and vice versa will occur. It is strongly preferable to support minimal TDD configurability for the purpose of NB-IoT design. Therefore, it is reasonable to have the same TDD configuration of LTE TDD and NB-IoT. 
In order to design a unified solution for three modes, the overall design is based on the support of guard band and inband operation, because these two have more issues to consider.
Proposal 1: Inband and guard band TDD NB-IoT uses the same UL/DL configuration as the LTE TDD carrier to minimize the interference between LTE and NB-IoT.
According to 36.211 LTE specifications, there exist 7 DL/UL TDD configuration as shown in TABLE 1. 

Table 1: Uplink-downlink configurations

	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


For FDD NBIoT downlink transmission, 15 KHz subcarrier spacing and 1ms length subframe basic transmission are supported in downlink.  NB-PSS/SSS/PBCH/SIB1 is transmitted in subframe #0#4#5#9 of anchor carrier in R.13 NBIoT since these subframes are always non-MBSFN subframe and NPDCCH and NPDSCH are transmitted in other available downlink subframes or non-anchor carriers. For TDD NBIoT, it is preferable to support 15 KHz subcarrier spacing and 1ms length subframe basic transmission in downlink. In order to support as many DL/UL configurations as possible, the NB-PSS/SSS/PBCH/SIB1 can only be transmitted in subframe #0, #1, #5, #6 because these subframes are always available for downlink and non-MBSFN subframe. Besides these channels, additional downlink subframes with 10ms period or non-anchor carrier are needed for TDD NPDCCH and NPDSCH transmission.
Proposal 2: NB-PSS/SSS/PBCH/SIB1 can be transmitted in subframe #0, #1, #5, #6 because these subframes are always for downlink and non-MBSFN subframe for TDD.
Proposal 3: Additional downlink subframes with 10ms period or non-anchor carrier are needed for TDD NPDCCH and NPDSCH transmission.

For FDD NBIoT uplink transmission, two kinds of subcarrier spacing are supported for NPUSCH transmission (including NPUSCH format 1 and format 2). For 15 KHz subcarrier spacing transmission, the 1ms length subframe is the same as legacy LTE. For 3.75 KHz subcarrier spacing transmission, the 2ms length NB-slot is newly introduced, which includes 7 symbols and 144Ts GP. In TDD uplink design, it is preferred to support both 15 KHz and 3.75 KHz subcarrier spacing and the corresponding time unit considering commonality with FDD case. For 15 KHz subcarrier spacing transmission, it is easy to support 1/3/6/12 tones resource unit definition if discontinuous NPUSCH transmission is supported in TDD. In order to support 3.75 KHz uplink subcarrier spacing and relevant 2ms NB-slot which corresponds to two consecutive uplink 1ms LTE subframes, only some of the TDD configuration could be adopted. 
For NBIoT RACH transmission, new design should be considered since groups of 4 consecutive uplink symbols are needed to RACH sequence transmission in FDD case. So the new RACH design should break the continuously unlink 4 subframes time duration rules as LTE TDD RACH format.
Proposal 4: Only some of the TDD configuration could be adopted if 3.75 KHz uplink subcarrier spacing is supported.
For TDD special subframe, NB-IoT design might need to use every single OFDM symbol available in downlink in order to make use of all available transmission opportunities. There are 10 special subframe configurations as depicted in Table 2 to accommodate various network deployments. 
From a NB-IoT DL channel perspective, synchronization or broadcast channels are candidates to make use of the special subframe. Thus special subframe configurations with more symbols in DwPTS need to be supported, such as special subframe configurations except for #0, #5, #9 of normal CP.
Proposal 5: The special subframe configurations with more symbols in DwPTS need to be supported, such as special subframe configurations except for #0, #5, #9 of normal CP.
Table 2: Configuration of special subframe (lengths of DwPTS/GP/UpPTS)

	Special subframe configuration
	Normal cyclic prefix in downlink
	Extended cyclic prefix in downlink

	
	DwPTS
	GP
	UpPTS
	DwPTS
	GP
	UpPTS

	0
	3
	10
	1
	3
	8
	1

	1
	9
	4
	
	8
	3
	

	2
	10
	3
	
	9
	2
	

	3
	11
	2
	
	10
	1
	

	4
	12
	1
	
	3
	7
	2

	5
	3
	9
	2
	8
	2
	

	6
	9
	3
	
	9
	1
	

	7
	10
	2
	
	5
	5
	

	8
	11
	1
	
	-
	-
	-

	9
	6
	6
	
	-
	-
	-


3 Conclusions
In this contribution, considerations of frame structure, numerology for TDD support is provided. The following proposals are given.
Proposal 1: Inband and guard band TDD NB-IoT use the same UL/DL frame configuration as the LTE TDD carrier to minimize the interference between LTE and NB-IoT.

Proposal 2: NB-PSS/SSS/PBCH/SIB1 can be transmitted in subframe #0, #1, #5, #6 because these subframes are always for downlink and non-MBSFN subframe for TDD.
Proposal 3: Additional downlink subframes within 10ms periodicity or non-anchor carrier are needed for TDD NPDCCH and NPDSCH transmission.

Proposal 4: Only some of the TDD configuration could be adopted if 3.75 KHz uplink subcarrier spacing is supported.
Proposal 5: The special subframe configurations with more symbols in DwPTS need to be supported, such as special subframe configurations except for #0, #5, #9 of normal CP.
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