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Background
In RAN Meeting #76, the following agreement was made [1].
	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


It was agreed to support TDD for in-band, guard-band, and standalone operation modes.
Discussion
Supported uplink-downlink configuration and transmission scheme
Considering the fact that in-band NB-IoT UE should align with legacy LTE UE, it is favorable for NB-IoT UE to support all uplink-downlink configurations shown in Table. 1. Otherwise, by allowing some un-supported configurations for TDD NB-IoT UE, the opportunity for transmission may substantially decrease if eNB frequently schedule these un-supported configurations.
Proposal 1: All legacy uplink-downlink configurations should be supported in TDD NB-IoT. 
In FDD NB-IoT UL, we have single-tone and multi-tone transmission. Specifically, for NPRACH only single-tone with 3.75 kHz subcarrier spacing is supported. For NPUSCH, both single-tone and multi-tone are used. 
At the initial stage of TDD NB-IoT UL, we can make the same transmission assumption as FDD.
Proposal 2: As a start, both 3.75 kHz and 15 kHz subcarrier spacing should be considered for NPUSCH and only 3. 75 kHz subcarrier spacing is considered for NPRACH.
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



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
	UpPTS
	DwPTS
	UpPTS

	
	
	Normal cyclic prefix
 in  uplink
	Extended cyclic prefix 
in uplink
	
	Normal cyclic prefix in uplink
	Extended cyclic prefix in uplink

	0
	

	

	

	

	

	


	1
	

	
	
	

	
	

	2
	

	
	
	

	
	

	3
	

	
	
	

	
	

	4
	

	
	
	

	

	


	5
	

	

	

	

	
	

	6
	

	
	
	

	
	

	7
	

	
	
	

	
	

	8
	

	
	
	-
	-
	-

	9
	

	
	
	-
	-
	-

	10
	

	

	

	-
	-
	-



Slot structure design for NPUSCH
Both single-tone (3.75/15 kHz) and multi-tone are supported for NPUSCH in FDD NB-IoT. For the consideration of flexible resource scheduling, TDD NB-IoT could also have the same scheme. 

For 3.75 kHz subcarrier spacing, the slot duration is 2ms in FDD NB-IoT which includes 7 symbols. However, not all legacy uplink-downlink configurations can satisfy the requirement of having two consecutive UL subframes, e.g., configuration 2 and 5. Therefore, a new slot structure should be considered for 3.75 kHz case, whose slot duration is less than 2ms and can be applied under all legacy uplink-downlink configurations.
Another critical issue is how to make good use of special subframe, especially for the UL part. Admittedly, the number of UL symbols in special subframe is limited, e.g., 1 or 2 UL symbols, which could cause some problem for utilization of 3.75 kHz subcarrier spacing. However, it is not a good reason to abandon the special subframe for the usage of TDD NB-IoT. For higher efficiency of resource utilization, it is also recommended to study the new slot structure for NPUSCH by taking the UL symbols in special subframe into account. 
Proposal 3: New slot structure (<2ms) is needed for NPUSCH transmission with 3.75 kHz subcarrier spacing.
Proposal 4: For NPUSCH transmission in TDD NB-IoT, study how to make good use of UL symbols in special subframe with 3.75 kHz subcarrier spacing.
Slot structure design for NPRACH
For FDD NB-IoT, the preamble consists of 4 consecutive symbols groups. Two preamble formats can be applied for symbols group as shown in Table. 3. The duration of a preamble is either 5.6 ms or 6.4 ms depending on the preamble format. However, in TDD it is impossible to find consecutive UL symbols whose duration is longer than 5ms. This means the preamble design in FDD NB-IoT cannot be directly applied for TDD case.
Therefore, instead of attempting to reuse FDD preamble structure, it is better to have a new preamble design for NPRACH.
Table 3. Random access preamble parameters
	Preamble format
	

	


	0
	

	


	1
	

	




Proposal 5: New preamble design is needed for TDD NB-IoT.

Conclusion
In this contribution, we have the following proposals:
Proposal 1: All legacy uplink-downlink configurations should be supported in TDD NB-IoT. 
Proposal 2: As a start, both 3.75 kHz and 15 kHz subcarrier spacing should be considered for NPUSCH and only 3. 75 kHz subcarrier spacing is considered for NPRACH.
Proposal 3: New slot structure (<2ms) is needed for NPUSCH transmission with 3.75 kHz subcarrier spacing.
Proposal 4: For NPUSCH transmission in TDD NB-IoT, study how to make good use of UL symbols in special subframe with 3.75 kHz subcarrier spacing.
Proposal 5: New preamble design is needed for TDD NB-IoT.
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