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1 Introduction

In RAN1 #90bis meeting, the following agreements on UL aspects were made for TDD support in feNB-IoT [1]: 

Agreements:

· NPUSCH transmissions with 15 kHz subcarrier spacing are supported in all supported UL/DL configurations for NB-IoT TDD.

· 3.75 kHz is also supported, in UL/DL configurations #1, [#3], #4, with the same definition of NB-slot and resource unit as FDD

· FFS if there any need for any other subcarrier spacing and/or slot structure for TDD

· This needs to take into consideration the co-existence of NPRACH and NPUSCH.

Agreements:

· TDD NPRACH supports at least 3.75KHz subcarrier spacing single-tone with frequency hopping.

· FFS if also 5 kHz subcarrier spacing is supported e.g. for UL-DL configuration #2

· NPRACH formats using G symbol groups with back-to-back transmission followed by a guard time (FFS guard time duration) are supported for 1, 2, and 3 contiguous uplink subframes

· An NPRACH format is associated with one value of N (the number of symbols per symbol group) and CP duration

· G is FFS, and G≥2
· P (number of symbol groups in a preamble) is even.

· For the G symbols groups that are transmitted back-to-back with 3.75 kHz subcarrier spacing, 3.75 kHz and 22.5 kHz hopping distances are supported.

· FFS the details of the hopping pattern

· FFS the hopping distance and pattern if 5 kHz subcarrier spacing is supported

· For the hopping between discontinuous transmissions within one preamble

· FFS hopping distance and hopping pattern

· Cell specific pseudo-random hopping is used between NPRACH preamble repetitions

· FFS details

In RAN1 #91 meeting, the following was further agreed [2]:
Agreement:
For NPUSCH in NB-IoT TDD:

· For the NPUSCH transmissions with 15 kHz subcarrier spacing, both Multi-tone (3, 6, 12 subcarriers with RU lengths 4ms, 2ms, 1ms) and single tone (with RU length 8ms) transmissions are supported as in FDD NB-IoT for all the supported TDD configurations in TDD NB-IoT other than the TDD configuration #3 and [#6]. The number of supported subcarriers, and RU lengths for TDD configuration #3 and [#6] is FSS (The number of subcarriers and RU lengths as defined in FDD NB-IoT are not precluded).
In this contribution, we share our views on further design details for NPUSCH and NPRACH in TDD feNB-IoT. The contents of this contribution are based on revisions to previous contribution [3]. 
2 NPUSCH design

As agreed in RAN1 #90bis meeting, NPUSCH with subcarrier spacing of 3.75 kHz are supported in UL/DL configurations #1, [#3] and #4, with the same definition of NB-slot and RU as in FDD. Recall that NPUSCH single tone transmission with 3.75 kHz subcarrier spacing has NB-slot of 2ms. To fit the transmission of such NPUSCH better and utilize the resource more efficiently, it is preferred to support the NPUSCH single-tone transmission with 3.75 kHz subcarrier spacing only in TDD configurations with continuous 2 UL subframes, i.e., TDD configurations #1 and #4.
Recall that in FDD NB-IoT, for multi-tone NPUSCH transmissions, 3-tone and 6-tone allocations are supported. There was a proposal to introduce 4-tone NPUSCH with RU of 3ms to fit TDD configurations with continuous 3 UL subframes. However, as observed in [4], both 3-tone and 6-tone NPUSCH transmissions can be used over all TDD configurations without waste of UL resources, considering NPUSCH and NPRACH transmissions. Thus, it is preferred to support 3-tone and 6-tone NPUSCH in TDD NB-IoT including TDD configurations #3 and #6 (if TDD configuration #6 is supported for NB-IoT), to minimize the standardization effort. The concept of resource unit, CP length, symbol length, subframe length and radio frame length can reuse designs in FDD NB-IoT.

Regarding the scheduling delay of NPUSCH, in Rel-13 NB-IoT, the scheduling delay indicates the absolute number of subframes. Considering the interlaced DL and UL subframes in the TDD system, the scheduling delay needs to be adjusted accordingly. Different values of scheduling delay for NPUSCH can be used in TDD systems, or the scheduling delay can only count the valid UL subframes in TDD NB-IoT.
Proposal 1:
· Support single-tone NPUSCH with 3.75 kHz subcarrier spacing only in TDD UL/DL configurations #1 and #4.
· Support 3-tone, 6-tone and 12-tone NPUSCH transmissions in TDD configurations #3 and #6 (if TDD configuration #6 is supported for TDD NB-IoT), with the same RU definition as in FDD NB-IoT.

· Consider to introduce new scheduling delay values or only count the valid UL subframes for NPUSCH scheduling in TDD NB-IoT.

3 NPRACH design
As agreed in RAN1 #90bis meeting [1], TDD NPRACH supports at least 3.75 kHz subcarrier spacing and it is FFS to consider other subcarrier spacing. To minimize the specification change, it is preferred to support only 3.75 kHz subcarrier spacing for TDD NPRACH. For the supported TDD configurations in feNB-IoT, there can be one, two or three contiguous UL subframes. In this section, we discuss about the NPRACH design subject to the constraint on the number of contiguous UL subframes. 
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. To extend this method, it has been agreed that for TDD NB-IoT, G NPRACH symbol groups with G≥2 are transmitted back-to-back followed by a guard time, with 3.75 kHz and 22.5 kHz hopping distances. To have large enough timing estimation range and sufficiently accurate timing estimation result, it is preferred to have 3.75 kHz and 22.5 kHz hopping distances occur in an alternate manner between every 2 symbol groups. Specifically, the single-tone frequency hopping occurs between symbol groups #0 and #1 for coarser timing estimation, and frequency hopping with 22.5 kHz occurs between symbol groups #2 and #3 for finer timing estimation. Using this hopping pattern, each NPRACH preamble can consist of as least as 4 symbol groups, which is preferred since smaller granularity of NPRACH allocation provides more flexible configuration and more efficient resource utilization. For the hopping distance between the symbol groups #1 and #2 within one NPRACH preamble, a single-tone hopping with 3.75 kHz hopping distance can be used, as illustrated in Figure 1, which can help improve the coarser timing estimation in cases where the channel variation is slow.
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Figure 1. Illustration of frequency hopping for NPRACH in TDD feNB-IoT.
For TDD configurations with one UL subframe in every half radio frame (e.g., TDD configurations #2 and #5), 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 [5]. With subcarrier spacing of 3.75 kHz, each symbol group would consist of one CP followed by one NPRACH symbol to fit into one UL subframe, where the CP length can be up to 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. The remaining time after the back-to-back transmission of two symbol groups is left as guard time (GT), which has duration similar to the CP length. 
For TDD configurations with more contiguous UL subframes, one NPRACH transmission option is to transmit multiple repetitions of the NPRACH symbol group defined above that fits into one UL subframe. However, the CP overhead is quite large in this option as each NPRACH symbol follows a CP. On the other hand, the NPRACH symbol group can be defined as one CP followed by multiple NPRACH symbols to fit into multiple contiguous UL subframes. For TDD configurations with two contiguous UL subframes, the symbol group can consist of one CP followed by 3 NPRACH symbols with CP length of 133.3 μs. For TDD configurations with three contiguous UL frames, the symbol group can consist of one CP followed by 5 NPRACH symbols with CP length of 111 μs. If UpPTS before the UL subframe(s) is supported for NPRACH transmission, the CP length can be further extended which enables the support of larger cell size. With the latter option, the CP overhead can be reduced. In conclusion, multiple NPRACH formats should be supported and can be used in different TDD configurations, where for different NPRACH formats, the number of NPRACH symbols in each symbol group is different.
Proposal 2:
· The subcarrier spacing of TDD NPRACH is 3.75 kHz.
· Each NPRACH preamble has 4 symbol groups, i.e. P=4.
· Within each NPRACH preamble, 
· Frequency hopping with 3.75 kHz occurs between symbol groups #0 and #1.

· Frequency hopping with 22.5 kHz occurs between symbol groups #2 and #3. 
· Consider hopping distance of 3.75 kHz between symbol groups #1 and #2. 
Observation 1:
· In TDD configurations with multiple contiguous UL subframes, repetitions of NPRACH symbol group which fits into one UL subframe would result in large CP overhead. 

Proposal 3:
· Define multiple NPRACH formats, where each format has different number of NPRACH symbols within one NPRACH symbol group.
· NPRACH format 1: NPRACH symbol group consists of 1 CP and 1 NPRACH symbol, which can be applied to TDD configurations with 1 UL subframe every half radio frame.
· NPRACH format 2: NPRACH symbol group consists of 1 CP and 3 NPRACH symbols, which can be applied to TDD configurations with at least 2 contiguous UL subframes.

· NPRACH format 3: NPRACH symbol group consists of 1 CP and 5 NPRACH symbols, which can be applied to TDD configurations with 3 contiguous UL subframes.
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:

· In TDD configurations with multiple contiguous UL subframes, repetitions of NPRACH symbol group which fits into one UL subframe would result in large CP overhead. 

Proposal 1:

· Support single-tone NPUSCH with 3.75 kHz subcarrier spacing only in TDD UL/DL configurations #1 and #4.

· Support 3-tone, 6-tone and 12-tone NPUSCH transmissions in TDD configurations #3 and #6 (if TDD configuration #6 is supported for TDD NB-IoT), with the same RU definition as in FDD NB-IoT.

· Consider to introduce new scheduling delay values or only count the valid UL subframes for NPUSCH scheduling in TDD NB-IoT.

Proposal 2:

· The subcarrier spacing of TDD NPRACH is 3.75 kHz.
· Each NPRACH preamble has 4 symbol groups, i.e. P=4.
· Within each NPRACH preamble, 
· Frequency hopping with 3.75 kHz occurs between symbol groups #0 and #1.

· Frequency hopping with 22.5 kHz occurs between symbol groups #2 and #3. 
· Consider hopping distance of 3.75 kHz between symbol groups #1 and #2. 
Proposal 3:

· Define multiple NPRACH formats, where each format has different number of NPRACH symbols within one NPRACH symbol group.

· NPRACH format 1: NPRACH symbol group consists of 1 CP and 1 NPRACH symbol, which can be applied to TDD configurations with 1 UL subframe every half radio frame.

· NPRACH format 2: NPRACH symbol group consists of 1 CP and 3 NPRACH symbols, which can be applied to TDD configurations with at least 2 contiguous UL subframes.

· NPRACH format 3: NPRACH symbol group consists of 1 CP and 5 NPRACH symbols, which can be applied to TDD configurations with 3 contiguous UL subframes.
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