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1 Introduction

In the WID of “Further NB-IoT enhancements” [1], objectives on support for TDD are listed as follows,

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, the uplink for TDD NB-IoT will be discussed.
2 NPRACH for TDD NB-IoT
In Rel-13, an NPRACH signal based on single-tone frequency hopping is used for FDD NB-IoT. NPRACH has 4 symbol groups in each repetition, and each symbol group consists of one CP and five symbols. Two different CP lengths are defined for NPRACH, the time length of one symbol group is either 1.4 ms or 
1.6 ms, and the duration of one repetition is 5.6 ms or 6.4ms respectively.

According to the frame structure of TDD, uplink subframes allocated for data transmission will not be continuous as in FDD, but separated by downlink and special subframes every 5ms or 10ms. To maintain the benefits of the current design and minimize the specification effort, it is preferred to put each repetition of NPRACH into one set of continuous uplink subframes within a half frame or radio frame. However, according to the UL-DL configurations in Table 1, there are 1~3 subframes in each set of uplink subframes, which cannot hold a repetition nor even a symbol group of NPRACH. Therefore, enhancements need to be considered for NPRACH in TDD NB-IoT.
Table 1
UL-DL 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


Following the above discussions, designing a shorter repetition for NPRACH can be considered for TDD NB-IoT, and following options can be considered initially for this purpose:
· Opt. 1: Reduce the number of symbols in each symbol group

This is a straightforward method with minimum changes on the properties of NPRACH. However, there is still a problem for the UL-DL configurations with smaller numbers of uplink subframes, e.g. UL-DL configurations #2 and #5.

· Opt. 2: Increase the subcarrier spacing

Compared to Opt.1, this method provides a finer time-domain granularity to shorten the repetition for NPRACH, which is helpful to solve the problem for UL-DL configurations with smaller numbers of uplink subframes as mentioned above. 

However, in  Opt. 1, reducing the number of symbols in each symbol group will decrease the noise resistance capability and increase the proportion of CP overhead on NPRACH. In Opt. 2, large cell radius becomes more challenging to support as the subcarrier spacing is increased. Therefore, further investigations are required to solve these issues.
In FDD NB-IoT, the guard time is not considered in the signal generation of NPRACH, which is generally added at the end of the preamble transmission. However, for TDD NB-IoT, the guard time should be considered when designing NPRACH, because of UL/DL switching.
Proposal 1: Enhancements need to be considered for NPRACH for TDD NB-IoT, such as shorter repetition and UL/DL guard time.
3 NPUSCH for TDD NB-IoT
In Rel-13, both 15 kHz and 3.75 kHz subcarrier spacing are supported by NPUSCH. For 15 kHz NPUSCH, the transmission time interval is one subframe. The only differences from FDD appear to be that the resource unit for NPUSCH will not be transmitted in continuous subframes, which will cause some performance degradation due to the loss of coherent combining gain in channel estimation. For the NPUSCH with 3.75 kHz subcarrier spacing, the transmission time interval is one NB-slot, of 2 ms. How to organize the 3.75 kHz frame structure around the TDD switching patterns needs to be considered. 
Proposal 2: TDD frame structure for 3.75 kHz NPUSCH needs to be considered.
4 Conclusions
In this contribution, potential issues on the NPRACH and NPUSCH were discussed for TDD NB-IoT, and following proposals are proposed as,
Proposal 1: Enhancements need to be considered for NPRACH for TDD NB-IoT, such as shorter repetition and UL/DL guard time.

Proposal 2: TDD frame structure for 3.75 kHz NPUSCH needs to be considered.
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