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1 Introduction

At RAN #75 meeting, a new work item (WI) on further NB-IoT enhancements (feNB-IoT) was approved. One objective of the WI is to add TDD support into NB-IoT [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
In this contribution, we share our views on the design of NPRACH for TDD feNB-IoT, including the design of physical structure and transmission method.

2 NPRACH design
As discussed in our companion contribution [2], the supported TDD configurations have limited number of contiguous-in-time UL subframes. Specifically, there are two or three contiguous UL subframes depending on supported TDD configurations. In this section, we discuss about the NPRACH design subject to the constraint on number of contiguous UL subframes. 
2.1 Physical structure of NPRACH
Considering the benefit in maximum power reduction (MPR) of single-tone, e.g. ~3dB power improvement compared to 1-PRB transmission [3], it is preferred to have single-tone transmission for NPRACH as in Rel-13 NB-IoT. 
For the subcarrier spacing, recall that in LTE, subcarrier spacing of 1.25 kHz and 7.5 kHz are supported for PRACH, while in NB-IoT, the subcarrier spacing of 3.75 kHz is adopted. The larger subcarrier spacing such as 7.5 kHz with single-tone NPRACH would impact the coverage due to increased noise power and have less multiplexing capacity due to reduced number of available subcarriers in frequency domain. On the other hand, smaller subcarrier spacing such as 1.25 kHz is more sensitive to CFO and Doppler shift, which would result in NPRACH performance degradation. Moreover, to minimize the changes in specifications, it is preferred to use the same subcarrier spacing as in FDD NB-IoT systems, i.e. 3.75 kHz. 
Proposal 1
· NPRACH in TDD feNB-IoT is single-tone transmission with subcarrier spacing of 3.75 kHz.
2.2 Transmission method
Recall that in Rel-13 NB-IoT, the timing estimation for NPRACH is based on the frequency hopping between symbol groups, with each symbol group consisting of one CP and five repeated NPRACH symbols. Two-level frequency hopping is adopted in Rel-13 NB-IoT, with one hopping offset of 3.75 kHz to support large cell size and the other hopping offset of 22.5 kHz to improve the timing estimation accuracy. Similar method can be extended to TDD feNB-IoT systems.
To support the timing estimation based on frequency hopping, it is desirable to minimize the impact from channel variations on the received signals, so as to obtain more accurate phase difference between the hopped signals. Therefore, the transmission of symbol groups before and after frequency hopping should occur in time domain as contiguously as possible. To transmit at least two symbol groups with each group hopping on different subcarriers over contiguous UL subframes, the symbol group duration needs to be shortened compared to Rel-13 NPRACH. 
It is preferred to have a single NPRACH design that can be applied to various TDD configurations. As discussion in [2], by excluding the existing TDD configurations 2 and 5 for feNB-IoT, the supported TDD configurations have at least two contiguous UL subframes. We propose to have at least two symbol groups to be transmitted back-to-back within the two contiguous UL subframes and possibly with additional UpPTS before the two contiguous UL subframes, in order to enable the timing estimation based on frequency hopping. By defining the symbol group as one CP followed by three NPRACH symbols, two symbol groups can be transmitted over two contiguous UL subframes with CP up to 133.3 μs. The remaining time after the back-to-back transmission of two symbol groups is left as guard period. With this design, the start of every two NPRACH symbol groups in TDD is always at the subframe boundary followed by two contiguous UL subframes. 

To support larger cell sizes, the UpPTS region can be exploited for NPRACH transmission. With UpPTS duration of 1 and 2 symbols followed by two UL subframes, the CP length of each symbol group can be up to 157.1 μs and 180.9 μs, respectively. With this design, the start of every two NPRACH symbol groups in TDD is always at the start of UpPTS. 
Similar to Rel-13 NB-IoT, the timing estimation for TDD NPRACH can also rely on two-level frequency hopping, as illustrated in Figure 1. The single-tone frequency hopping can occur between symbol groups #0 and #1 for coarser timing estimation, and frequency hopping with larger offset, e.g. 22.5 kHz, can occur between symbol groups #2 and #3 for finer timing estimation. The repetitions of NPRACH for coverage enhancement can still be in unit of four symbol groups, and pseudo-random hopping is applied between each repetition. 
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Figure 1. Illustration of frequency hopping for NPRACH in TDD feNB-IoT.
Proposal 2
· NPRACH transmission in TDD is based on symbol groups.
· Each symbol group consists of 1 CP and 3 NPRACH symbols.
· Every two symbol groups are transmitted back-to-back in contiguous-in-time UL subframes. 
· Repetition is in unit of four symbol groups as in Rel-13.
· Consider to extend the frequency hopping of Rel-13 NPRACH for NPRACH in TDD.
3 Conclusion

In this contribution, we discuss the design of NPRACH for TDD feNB-IoT. Based on the discussions, we make the following proposals:
Proposal 1

· NPRACH in TDD feNB-IoT is single-tone transmission with subcarrier spacing of 3.75 kHz.

Proposal 2

· NPRACH transmission in TDD is based on symbol groups.
· Each symbol group consists of 1 CP and 3 NPRACH symbols.
· Every two symbol groups are transmitted back-to-back in contiguous-in-time UL subframes. 
· Repetition is in unit of four symbol groups as in Rel-13.
· Consider to extend the frequency hopping of Rel-13 NPRACH for NPRACH in TDD.
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