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1 Introduction

The WID of further NB-IoT enhancements was updated in RAN#76 [1], and one of the objectives is to support TDD in Rel-15 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 this contribution, we give our initial views about some common aspects for TDD NB-IoT.
2 Relaxations of MCL, latency and/or capacity targets
In FDD NB-IoT, downlink or uplink transmission can occur in all subframes in each radio frame. However, in TDD, only a part of subframes in one radio frame are reserved for downlink or uplink transmission. So compared with FDD, the DL or UL transmission latency would be increased somehow in TDD NB-IoT. 

In TDD NB-IoT, resources are discontinuous in the time domain. So the accuracy of channel estimation and RRM measurements will decrease compared with continuous resources in FDD, and then the demodulation performance will degrade to some degree.
It is noted that performance margin has been considered in the design of NB-IoT in Rel-13. So whether the relaxations of MCL and latency targets are necessary for TDD NB-IoT should be determined after further evaluations on the possible degradations as analyzed above. The connection density (i.e. capacity) highly depends on the MCL and latency, so the corresponding target also needs to be re-evaluated.
Proposal 1: Further evaluations and operator guidance are needed to determine whether or what relaxations of MCL, latency, and/or capacity targets are appropriate for TDD NB-IoT.
3 UL-DL configurations for TDD NB-IoT
In LTE TDD, there are seven uplink-downlink configurations shown in Table 1. Subframe 0 and 5 are always reserved for downlink. The subframes immediately following the special subframe are always reserved for uplink. Other subframes can be configured for downlink or uplink based on the operator’s preference. Generally, it is desired to keep compatibility with deployed LTE TDD networks, which suggests NB-IoT should support plenty of the LTE UL-DL configurations. However, there are some possible issues to be discussed which will make some LTE UL-DL configurations hard to support in NB-IoT.
In some UL-DL configurations, the resources for downlink or uplink are far from enough. For example, in UL-DL configuration 0, only subframes 0 and 5 in one radio frame can be used for downlink. These resources are not enough even for NPSS/NSSS/NPBCH/SIB1-NB if maintaining the same latency with FDD. In UL-DL configuration 5, only subframe 2 is reserved for uplink, i.e. 1 ms UL transmission duration per radio frame. The duration is too short to support NPRACH transmission even if further enhancements are introduced for it. Moreover, due to the low duty cycle of UL, the latency of uplink transmission may also be problematic which needs more considerations.
Table 1: LTE 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


Observation 1: At least the following factors need to be considered on the UL-DL configurations support for TDD NB-IoT:
· TDD NB-IoT deployment flexibility with and without LTE present
· Support NPSS/NSSS/NPBCH/SIB1-NB possibly with similar latency and performance as in Rel-13.
· Support NPRACH and NPUSCH with proper performance relaxations.
4 On special subframe for TDD NB-IoT
In LTE TDD, there are one or two special subframes in each radio frame, and a special subframe has three fields DwPTS, GP and UpPTS. There are 11 special subframe configurations with different DwPTS and UpPTS lengths shown in Table 2, among which up to 12 symbols are contained in DwPTS. In NB-IoT, as multiple subframes are often occupied by a downlink transmission, many special subframes will be gone through during the transmission which can provide a large number of REs. Therefore, it is preferred to use special subframes for data transmission for NB-IoT.

For NB-IoT in in-band or guard-band mode, it needs to be compatible with LTE. Thus, the special subframe configuration used in LTE should be followed to avoid interference between uplink and downlink. In order to maximize the flexibility of NB-IoT TDD deployment, all special subframe configurations should be supported.
Due to the specific structure of the special subframe, it can be expected that the resource utilization and the performance of data transmission in the special subframe will be worse than in the normal downlink or uplink subframe. From this perspective, enhancements on the special subframe for resource utilization and performance improvement should be considered. 
Table 2: Configuration of special subframe in LTE (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
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Proposal 2: All special subframe configurations should be supported in TDD NB-IoT. FFS if changes to the special subframe design may be needed.
5 Differentiation of TDD and FDD
In LTE, the differentiation of TDD and FDD is blindly identified by UE during downlink synchronization procedure through detecting the position of SSS relative to PSS. Similarly, for NB-IoT, it is natural to introduce specific designs to support the differentiation of TDD and  FDD also. If possible, it is preferred to use the principle for TDD/FDD differentiation employed in LTE for NB-IoT to obtain a design with minor specification effort, e.g. different relative position between NPSS and NSSS.
Proposal 4: The differentiation of TDD and FDD should be supported by the NPSS/NSSS design for TDD NB-IoT.
6 Conclusions
In this contribution, we analyze some common aspects about TDD NB-IoT and give some initial views as follows: 
Proposal 1: Further evaluations and operator guidance are needed to determine whether or what relaxations of MCL, latency, and/or capacity targets are appropriate for TDD NB-IoT.

Observation 1: At least the following factors need to be considered on the UL-DL configurations support for TDD NB-IoT:

· TDD NB-IoT deployment flexibility with and without LTE present

· Support NPSS/NSSS/NPBCH/SIB1-NB possibly with similar latency and performance as in Rel-13.

· Support NPRACH and NPUSCH with proper performance relaxations.

Proposal 2: All special subframe configurations should be supported in TDD NB-IoT. FFS if changes to the special subframe design may be needed.
Proposal 4: The differentiation of TDD and FDD should be supported by the NPSS/NSSS design for TDD NB-IoT.
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