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1
Introduction

In previous RAN1 meeting, the TDD support for NB-IoT has been discussed and the following conclusion has been reached: 
- NB-IoT in Rel-13 supports at least the necessary forward compatibility to support TDD

- FFS which TDD configurations are to be prioritized; companies are encouraged to check further until the next meeting.
On the FSS point, following the question on what DL/UL configurations and special subframe setup should be supported, the following initial input has been provided in RAN1#83 as follows:

•
Which of the existing UL/DL configurations need to be supported?

o
CMCC: main current configurations are 0,1,2

o
Reliance-Jio: 1,2,6

•
Which of the existing special subframe configurations need to be supported?

o
Reliance-Jio: 2,3,4,6,7,8
In this contribution we perform a higher leve analysis of TDD support for NB-IoT.
2 
TDD configurations for NB-IoT
2.1 
DL/UL configuration

According to 36.211 LTE specification, there exist 7 DL/UL TDD configuration (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


From the LTE system operation, it is obvious that the main desire is to allow NB-IoT operation when the system is operated in any TDD configuration. The least desirable option is not to be able to operate NB-IoT or to require frequent system changes to accommodate the NB-IoT operation. However, we note that most important signals which need to be guaranteed are the NB-IoT synchronization signals and the system broadcast. If such transmission is possible in the most DL resource scarce TDD configurations, such as configuration #0, extra DL capacity may be achieved by allocating extra PRBs for DL traffic.

Observation: From NB-IoT synchronization channel perspective, supporting DL/UL configuration #0 would allow the use of any other DL/UL configuration.
On the other hand the NB-IoT technology is more UL oriented, as in DL mainly control information is transmitted. This adds an additional incentive to lean the design towards configurations involving more UL transmission opportunities. Based on the current operator input, configurations 0, 1 and 2 seem to be candidates for further NB-IoT design.

Proposal 1: consider DL/UL configurations 0, 1 and potentially 2 for further NB-IoT design. 
2.2 
Special subframe configuration

The TDD special subframe configurations are depicted in (Table 2).  
Table 2: configuration of special subframe (lenghts 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
	
	-
	-
	-


NB-IoT is a technique whose minimum granularity is typically one PRB, however the NB-IoT design might need to harvest every single OFDM symbol available in downlink in order to make use of all available transmission opportunities like special subframe. The 10 special subframe configurations are accommodating various network deployments, for large cell case, configuration #0 would allow a guard period of 10 symbols, and for smaller cell case, e only 1 OFDM symbol is used, like in configurations #4 or #8. Operator feedback suggests that the main option is to configure DL opportunities in DwPTS, NB-IoT craving for same target. Thus that the configurations with more symbols in DwPTS need to be supported, such as special subframe configuration #3 and/or #7.
From a NB-IoT DL channel perspective, it looks like for example sync or broadcast channels are candidates to make use of the special subframe. In our companion contribution [3] we show that particular special subframe configurations could accommodate such signals.
Proposal 2: Support at least configuration # 3, 7 for special subframe.
For NB-IoT TDD, three deployment scenarios shall be supported. Regarding in-band operation mode, only one or several PRBs can be taken out from TDD system for IoT operation, it provides the fully flexibility to deploy NB-IoT. On the other hand the backward compatibility needs to be considered in TDD NB-IoT design. The type 2 frame structure can be reused. This is also applied to guard band operation to avoid mutual interference between TD-LTE and NB-IoT.

Proposal 3: Current TDD frame structure is re-used for NB-IoT TDD for in-band and guard band operation.
3 
UL numerology impact in NB-IoT TDD
In [2], the impacts of different numerologies on TDD frame structure have been discussed. In last RAN1 meeting, good progresses were made on NB-IoT numerology, especially on UL numerology. These agreements can be applied to TDD as well to reduce the standard effort. In a companion paper we discuss the impact of single and multitoned 3.75 kHz and 15 kHz subcarrier spacing. 
Noting that our proposal is to consider TDD configurations 0, 1 and 2 as candidates for NB-IoT design, in case of 3.75 kHz numerology the UL/DL configuration 2 has 1ms long UL allocations, while configuration 0 and 1 have 3ms and 2ms respectively. To enable the use of all the considered UL/DL configurations, it is proposed that with configuration 2, 15kHz numerology would be used, while for UL/DL configurations 0 and 1, both numerologies would apply.

4
Conclusions

In this contribution we have been presenting views with respect to NB-IoT TDD operation and design targets. The following configurations are proposed to be supported in Release 13:
Proposal 1: consider DL/UL configurations 0, 1 and potentially 2 for further NB-IoT design. 
Proposal 2: Support at least configuration # 3, 7 for special subframe.
Proposal 3: Current TDD frame structure is re-used for NB-IoT TDD for in-band and guard band operation.
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