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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 overall design for TDD support in feNB-IoT, including UL-DL configuration, special subframe configuration and its usage, and HARQ design.
2 UL-DL configuration
For in-band and guard-band operation modes, different TDD configurations between LTE and NB-IoT cells would result in large interference from DL transmission to UL transmission in the same subframe. Thus, the TDD configurations for LTE and NB-IoT should be the same for in-band and guard-band modes. To strive towards a common design among different operation modes, the supported TDD configurations for standalone mode should also follow existing TDD configurations in LTE systems.

Considering the UL heavy traffic in NB-IoT systems, it is desirable to support exiting TDD configurations with sufficient number of UL subframes, to reduce the impact on UL performance and latency. Moreover, as discussed in our companion contribution [2], the TDD configurations with at least two contiguous-in-time UL subframes are preferred to improve the performance of NPRACH. This can also benefit the performance of NPUSCH transmission, especially for the single-tone transmission with subcarrier spacing of 3.75 kHz, for which the 2ms-NB-slot was defined considering the forward compatibility to TDD in Rel-13. Therefore, it is preferred to not support existing TDD configurations 2 and 5 in TDD feNB-IoT cells, which have only one UL subframe every half radio frame or every radio frame. 
Besides the UL aspect, the supported TDD configurations should also have sufficient number of DL subframes for transmission of DL control signals/channels such as NPSS, NSSS, NPBCH and SIB1-NB. As elaborated in our companion contribution [3], the number of DL subframes needed for NPBCH, NPSS, NSSS and SIB1-NB is at least 2, considering the possibility of multiplexing NSSS and SIB1-NB in time domain due to their transmission periodicity of at least 20ms and the configuration of multiple NB-IoT carriers to carry these DL control channels/signals. All the remaining existing TDD configurations, i.e., TDD configurations 0, 1, 3, 4 and 6, have at least two DL subframes every radio frame and thus can be supported for TDD feNB-IoT. Similar to LTE TDD systems, the TDD configuration can be indicated by SIB1-NB.
Since the number of continuous DL and UL subframes is quite limited in TDD feNB-IoT, relaxation on MCL can be considered if necessary.

Observation 1

· Same TDD configuration should be used between NB-IoT and LTE cells for in-band and guard-band operation modes.
· The supported TDD configurations should take into account:
· The number of UL subframes needed to meet the UL traffic demand and to reduce the impact on UL performance.

· The number of DL subframes needed to transmit DL control signals/channels, such as NPSS, NSSS, NPBCH and SIB1-NB.
Proposal 1

· Existing TDD configurations 2 and 5 are not supported in TDD feNB-IoT systems.

· Indicate the TDD configuration in SIB1-NB.

· Consider relaxation of MCL target if necessary.

3 Design of special subframe
In this section, we first discuss about the supported special subframe configuration, and then share our views on the use of special subframe. 

Recall that in Rel-13 NB-IoT, the supported CP lengths of NPRACH are 66.7 μs and 266.67 μs, corresponding to cell radius of ~10km and ~40km, respectively. To target similar cell sizes, the guard period between the end of DwPTS and the start of UpPTS that is no less than 1 OFDM symbol and 4 OFDM symbols would be sufficient for cell radius of ~10km and ~40km, respectively. In other words, the special subframe configuration with long guard period is not necessary for TDD feNB-IoT with target cell size similar to Rel-13 NB-IoT. Thus, for efficient resource utilization, the supported special subframe configurations can be existing special subframe configurations 1-4 and 6-8. The special subframe configuration can be indicated by SIB1-NB, similar to the indication method in LTE TDD systems. 
To utilize the resource efficiently, it is preferred to enable NPDSCH transmission during DwPTS. Similar to the design in TDD eMTC systems, the rate matching for NPDSCH during DwPTS can follow the regular full subframe, with the remaining symbols during the guard period and UpPTS being punctured. 

For the use of UpPTS, NPRACH can be transmitted during UpPTS, as elaborated in our companion contribution [2].
Proposal 2

· Consider to support special subframe configurations 1-4 and 6-8 for TDD feNB-IoT.

· Indicate the special subframe configuration in SIB1-NB.

Proposal 3

· Support NPDSCH transmission during DwPTS.

· The NPDSCH rate matching follows regular full subframe, with the transmission on remaining symbols that are not part of DwPTS punctured. 

· Consider NPRACH transmission during UpPTS.
4 Design of HARQ and timing relationship
Following Rel-13 NB-IoT and Rel-14 eNB-IoT design, it is preferred to support asynchronous and adaptive UL HARQ in TDD feNB-IoT. 
To improve the data rate in TDD feNB-IoT, larger number of HARQ processes can be supported depending on UE capability. 
The maximum UL and DL TBS can follow the Rel-13 NB-IoT and Rel-14 eNB-IoT design, and thus the total number of soft channel bits are the same, i.e., 2112 bits for Cat NB1 UEs and 6400 bits for Cat NB2 UEs. 
To keep complexity low for NB-IoT UEs in TDD systems, the timing relationship in Rel-13/Rel-14 (e)NB-IoT systems is preferred to be kept for each HARQ process. On top of the timing relationship constraint, by introducing the concept of “valid UL subframes” similar to the “valid DL subframes” in Rel-13 NB-IoT and defining that the valid UL/DL subframes to be a subset of the UL/DL subframes configured by the TDD configuration, the UL/DL transmissions satisfying the timing relationship are postponed to next valid UL/DL subframes when there are any invalid UL/DL subframes in the middle of the transmission.  
Proposal 4
· Support asynchronous and adaptive UL HARQ in TDD feNB-IoT.
· Consider to increase the maximum number of HARQ processes for TDD feNB-IoT, depending on UE capability.

· The maximum UL and DL TBS are kept the same as Rel-13/Rel-14 (e)NB-IoT FDD systems, and thus the soft channel bits are the same.
· Keep the same timing relationship for each HARQ process in TDD systems as in Rel-13 NB-IoT systems.
· Valid UL and DL subframes are defined, where the UL/DL transmissions are postponed to next valid UL/DL subframes, if there are any invalid UL/DL subframes in the middle of the transmission.
5 Conclusion

In this contribution, we discuss the overview of TDD design for feNB-IoT, including TDD UL-DL configurations, configuration and usage of special subframe, and HARQ and timing relationship design. Based on the discussions, we make the following observations and proposals:

Observation 1

· Same TDD configuration should be used between NB-IoT and LTE cells for in-band and guard-band operation modes.

· The supported TDD configurations should take into account:
· The number of UL subframes needed to meet the UL traffic demand and to reduce the impact on UL performance.

· The number of DL subframes needed to transmit DL control signals/channels, such as NPSS, NSSS, NPBCH and SIB1-NB.
Proposal 1

· Existing TDD configurations 2 and 5 are not supported in TDD feNB-IoT systems.

· Indicate the TDD configuration in SIB1-NB.
· Consider relaxation of MCL target if necessary.
Proposal 2

· Consider to support special subframe configurations 1-4 and 6-8 for TDD feNB-IoT.

· Indicate the special subframe configuration in SIB1-NB.

Proposal 3

· Support NPDSCH transmission during DwPTS.

· The NPDSCH rate matching follows regular full subframe, with the transmission on remaining symbols that are not part of DwPTS punctured. 

· Consider NPRACH transmission during UpPTS.

Proposal 4

· Support asynchronous and adaptive UL HARQ in TDD feNB-IoT.

· Consider to increase the maximum number of HARQ processes for TDD feNB-IoT, depending on UE capability.

· The maximum UL and DL TBS are kept the same as Rel-13/Rel-14 (e)NB-IoT FDD systems, and thus the soft channel bits are the same.
· Keep the same timing relationship for each HARQ process in TDD systems as in Rel-13 NB-IoT systems.
· Valid UL and DL subframes are defined, where the UL/DL transmissions are postponed to next valid UL/DL subframes, if there are any invalid UL/DL subframes in the middle of the transmission.
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