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1 Introduction

In RAN1 #90 meeting, the following agreements on NPRACH have been made for TDD support in feNB-IoT [1]: 

Agreements:

· NPRACH for TDD supports single-tone with frequency hopping

· Multi-tone NPRACH formats can also be considered

· FFS details of frequency hopping

· One symbol group is defined by one CP, and N symbols. 

· FFS the value(s) of N

· FFS CP durations, symbol duration

· A preamble is defined by P symbol groups

· FFS: Guard time usage

· Repetition of NPRACH preamble is supported

· The cell radius target for TDD NPRACH is FFS

In this contribution, we share our views on the design of NPUSCH and NPRACH for TDD feNB-IoT. The contents of this contribution are based on revisions to previous contribution [2].

2 NPUSCH design

Recall that in FDD NB-IoT, there are multi-tone and single-tone NPUSCH transmissions, where 15 kHz subcarrier spacing is supported for multi-tone NPUSCH, and both 15 kHz and 3.75 kHz subcarrier spacing are supported for single-tone NPUSCH. The NPUSCH transmission with 15 kHz subcarrier spacing can be supported for TDD feNB-IoT, by transmitting the NPUSCH on the valid UL subframes according to the TDD configurations. The concept of resource unit, CP length, symbol length, subframe length and radio frame length can be reused as in FDD NB-IoT for NPUSCH transmission with 15 kHz subcarrier spacing in TDD NB-IoT.

On the other hand, for 3.75 kHz single-tone NPUSCH in FDD NB-IoT, a 2ms NB-IoT slot is defined. However, there are some TDD configurations (e.g., TDD configurations 2 and 5) that do not have two contiguous-in-time UL subframes. It is challenging to directly apply NPUSCH transmission with 3.75 kHz subcarrier spacing to these TDD configurations. To minimize the standardization effort, it is preferred to not support NPUSCH transmission with 3.75 kHz subcarrier spacing in TDD configurations without at least two contiguous UL subframes. 
Proposal 1:
· Reuse the design of NPUSCH with 15 kHz subcarrier spacing in FDD NB-IoT for the support of TDD.
· NPUSCH transmission with 3.75 kHz subcarrier spacing is not supported for TDD configurations without at least two contiguous-in-time UL subframes.  
3 NPRACH design
As discussed in our companion contribution [3], the supported TDD configurations may have limited number of contiguous-in-time UL subframes. Specifically, there can be one, 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 the number of contiguous UL subframes. 
3.1 Transmission method of NPRACH
As agreed in last RAN1 meeting [1], NPRACH supports single-tone transmission with frequency hopping. A NPRACH preamble is defined by P symbol groups, where each symbol group is defined by one CP followed by N symbols. To begin with, we discuss about the transmission method of NPRACH, which would impact the selection of the parameters P and N.

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 1 CP and 5 repeated NPRACH symbols. 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 variances 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 continuous as possible. At least two symbol groups with each group hopped on different subcarriers should be transmitted over contiguous UL subframe(s) to improve NPRACH detection performance. Similar to Rel-13 NB-IoT, the timing estimation can 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. As in Rel-13 NB-IoT, repetitions for coverage enhancement can be in unit of 4 symbol groups, and pseudo-random hopping can be used between repetitions. 
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Figure 1. Illustration of frequency hopping for NPRACH in TDD feNB-IoT.
Proposal 2:
· Extend the frequency hopping scheme of Rel-13 NPRACH for NPRACH in TDD NB-IoT.
· Two-level frequency hopping is adopted. 
· At least every two symbol groups are transmitted back-to-back in contiguous UL subframe(s), with alternate single-tone and multi-tone frequency hopping offsets applied between them. 
· Repetition is in unit of four symbol groups as in Rel-13.
3.2 Physical structure of NPRACH
As discussed above, at least two symbol groups need to be transmitted continuously in the time domain. Thus, the values of P and N depend on the subcarrier spacing of NPRACH preamble and the number of contiguous UL subframes in the supported TDD configurations. 

If the TDD configurations (e.g., TDD configurations 2 and 5) with one UL subframe in every half radio frame need to be supported, one NPRACH preamble needs to fit into one UL subframe, or one UL subframe and additionally the UpPTS duration before the UL subframe if UpPTS can be used for NPRACH transmission as discussed in [2]. With subcarrier spacing of 3.75 kHz, each symbol group would consist of one CP followed by one symbol to fit into one UL subframe, where the CP length can be 155.5 μs.  The CP length can be extended to 179.3 μs and 203.1 μs, if UpPTS with 1 UL symbol or 2 UL symbols can be used for NPRACH transmission, respectively. As can be observed, the CP overhead is quite large in this design. This motivates the consideration of larger subcarrier spacing for NPRACH. Recall that in LTE, subcarrier spacing of 7.5 kHz is supported for PRACH. With 7.5 kHz subcarrier spacing, each NPRACH symbol group can consist of one CP followed by two or three symbols, with CP duration of 155.6 μs and 66.7 μs, respectively, if UpPTS is not used for NPRACH transmission. To support larger cell size and utilize the resource more efficiently, the UpPTS can be used for NPRACH transmission. The CP length can be extended to 179.4 μs and 90.5 μs for symbol group consisting of two and three symbols, respectively, if UpPTS has one UL symbol, and can be 203.1 μs and 114.3 μs for symbol group consisting of two and three symbols, respectively, if UpPTS has two UL symbols. The remaining time after the back-to-back transmission of two symbol groups is left as guard time (GT). In summary, the larger subcarrier spacing such as 7.5 kHz can provide a more flexible design with smaller CP overhead. On the other hand, the NPRACH preamble with 7.5 kHz subcarrier spacing may impact the coverage due to increased noise power, and it has less multiplexing capacity due to reduced number of available subcarriers in frequency domain compared to 3.75 kHz subcarrier spacing and the need of guard bands if NPRACH is multiplexed with other NPUSCH transmissions in frequency domain.
Similarly, for TDD configurations with more contiguous UL subframes, the symbol group can consist of more symbols, e.g. one CP followed by 3 symbols with 3.75 kHz subcarrier spacing or 6 symbols with 7.5 kHz subcarrier spacing for TDD configurations with two contiguous-in-time UL subframes. Alternatively, more symbol groups repeated over the contiguous UL subframes can be considered.
Observation 1:
· Design of NPRACH preamble and symbol group depends on the subcarrier spacing of NPRACH and the number of contiguous UL subframes in the supported TDD configurations. 

Proposal 3:
· Consider the following NPRACH design options for TDD feNB-IoT: 
· Single-tone transmission with subcarrier spacing of 3.75 kHz.
· Single-tone transmission with subcarrier spacing of 7.5 kHz.
4 Conclusion

In this contribution, we discuss the design of NPUSCH and NPRACH for TDD feNB-IoT. Based on the discussions, we make the following observation and proposals:
Observation 1:
· Design of NPRACH preamble and symbol group depends on the subcarrier spacing of NPRACH and the number of contiguous UL subframes in the supported TDD configurations. 

Proposal 1:
· Reuse the design of NPUSCH with 15 kHz subcarrier spacing in FDD NB-IoT for the support of TDD.

· NPUSCH transmission with 3.75 kHz subcarrier spacing is not supported for TDD configurations without at least two contiguous-in-time UL subframes.  
Proposal 2:

· Extend the frequency hopping scheme of Rel-13 NPRACH for NPRACH in TDD NB-IoT.
· Two-level frequency hopping is adopted. 
· At least every two symbol groups are transmitted back-to-back in contiguous UL subframe(s), with alternate single-tone and multi-tone frequency hopping offsets applied between them. 
· Repetition is in unit of four symbol groups as in Rel-13.
Proposal 3:
· Consider the following NPRACH design options for TDD feNB-IoT: 

· Single-tone transmission with subcarrier spacing of 3.75 kHz.

· Single-tone transmission with subcarrier spacing of 7.5 kHz.
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