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1 Introduction
In the RAN1#92bis, the following agreement is achieved for TDD common aspect for R.15 NBIoT to support work item objective of specifying TDD support for in-band, guard-band, and standalone operation modes of NB-IoT:

Agreement
DwPTS can be used for NB-IoT transmission in CRS-less special subframe configuration #10 in TDD NB-IoT.

· FFS on how to use the blank REs corresponding to CRSs
Agreement
Downlink scheduling delay is defined by 4 physical subframes + k0, and k0 is based on valid downlink subframes. The scheduling delay values in FDD NB-IoT are reused.

· FFS on whether valid special subframes which include DwPTS can be counted as a part of the scheduling delay k0
In this contribution, we present detailed consideration of common aspect for TDD support, especially how to define the scheduling delay and timing relationship. The main design principal is compatibility with FDD and less standardalization effort.
2 NBIoT TDD Common Design
2.1 TDD and NB-IoT subframe configurations
Currently for NBIoT TDD subframe configuration, TDD UL/DL configuration #0 is not supported due to limited available DL subframe for NPSS/NSSS/NPBCH/SIB1-NR transmission. In order to support different usage scenarios of IoT, TDD UL/DL configuration #6 with plenty of UL resource should also be supported considering the NB-IoT UL-heavy traffic types scenarios, which will bring minor standard effort.
Proposal 1: UL-DL configuration #6 is supported in TDD NB-IoT.
It was agreed that DwPTS can be used for NB-IoT transmission in CRS-less special subframe configuration #10 in TDD NB-IoT. For “CRS-less” special subframe configuration,  if the eNB configures the special subframe as valid subframe for NPDSCH/NPDCCH transmission, LTE CRS in symbol #5 can be transmitted for channel estimation or measurement improvement for in-band operation mode with SIB1-NB signaling.
Proposal 2: For CRS-less special subframe configuration #10, LTE CRS in symbol #5 can be transmitted for channel estimation or measurement improvement with SIB1-NB signaling.
Additional special subframe configuration issue is widely discussed in the previous meetings, including ‘DwPTS+GP’ and/or ‘GP+UpPTS’ for standalone operation mode.  If new special subframe configuration is supported, new PRACH resource, new RU structure, new RS, even new data mapping should be redesigned even for standalone operation mode. There is no much benefit for such effort for these new designs, so we propose additional new special subframe configuration is not supported even for standalone mode in R.15.
Proposal 3: Additional new special subframe configuration is not supported even for standalone mode.
2.2 Scheduling delay and Timing relationship
In FDD NB-IoT downlink data transmission, the minimum gap between the last DCI subframe and the scheduled NPDSCH subframe is 4ms, and additional scheduling delay (valid DL subframe) between the above two is indicated by “Scheduling delay” field via DCI format N1 as shown in Figure 1. 
DL scheduling also handles scheduling delay NPDSCH and associated HARQ-ACK with NPUSCH Format 2, and a gap of at least 12ms between the end of the NPDSCH and the start of NPUSCH Format 2 is required. Moreover, additional scheduling delay (absolute subframe) between the two is indicated by “HARQ-ACK resource” filed, the additional scheduling delay is further dependent depended on subcarrier spacing of the NPUSCH format 2.
While for UL data transmissions a scheduling delay of at least 8ms between the last DCI subframe and the scheduled NPUSCH subframe is required. The absolute scheduling delay is also indicated via DCI format N1.
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Figure 1 Scheduling delay and timing relationship for FDD
For NBIoT TDD, it is agreed that the gap between DL grant and NPDSCH transmission is 4ms plus additional several valid NBIoT DL subframe delay indicated by DCI as FDD.  
For the gap between the end of NPDSCH transmission and associated UL ACK/NACK feedback, if maintaining the same scheduling delay as absolute subframe defined as FDD, the subframe indicated by DCI may not be a valid UL subframe. In this case, postponing the HARQ-ACK transmission to the first valid UL slot is needed. However, the eNB can’t schedule other UEs during the scheduling delays due to limited numbers of valid UL subframes and limited value of scheduling delay. In this case, it is preferred to reuse the scheduling delays set as in FDD and the scheduling delays are interpreted as valid NBIoT UL slot as shown in Figure 2. The absolute delay of 12ms is guaranteed for switching from reception mode to the transmission mode, and preparing the upcoming UL transmission. The additional delay is used for eNB scheduling flexibility and is related to subcarrier spacing and UL slot duration.
Proposal 4: The gap between the end of NPDSCH transmission and associated UL ACK/NACK is absolute subframe plus additional valid NB uplink slot delay indicated by DCI.
Similar to scheduling delay between NPDSCH and HARQ-ACK, the gap between UL grant and NPUSCH transmission for TDD is absolute delay plus additional several valid UL slot. The absolute delay of 8ms is guaranteed for switching from reception mode to the transmission mode and preparing the upcoming UL transmission and the additional delay is used for eNB scheduling flexibility. And the scheduling delay set is related to NBIoT uplink slot and RU definition as Table 10.1.2.3-1 of TS36.213. The detail scheduling delay set is related to the NPUSCH subcarrier spacing as shown in Figure 2.
Table 10.1.2.3-1: Supported combinations of 
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Figure 2 Scheduling delay and timing relationship for TDD
Proposal 5: The gap between uplink grant and associated NPUSCH transmission is absolute subframe plus additional valid NB uplink slot delay, and the detail NB uplink slot delay is related to NPUSCH data subcarrier spacing.
3 Conclusions
In this contribution, considerations of common aspect for TDD support are provided. The following proposals are given.
Proposal 1: UL-DL configuration #6 is supported in TDD NB-IoT.
Proposal 2: For CRS-less special subframe configuration #10, LTE CRS in symbol #5 should be transmitted for channel estimation or measurement improvement with SIB1-NB signaling.
Proposal 3: Additional new special subframe configuration is not supported for even standalone mode.
Proposal 4: The gap between the end of NPDSCH transmission and associated UL ACK/NACK is absolute subframe plus additional valid NB uplink slot delay indicated by DCI.
Proposal 5: The gap between uplink grant and associated NPUSCH transmission is absolute subframe plus additional valid NB uplink slot delay, and the detail NB uplink slot delay is related to NPUSCH data subcarrier spacing.
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