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1 Introduction

In RAN1 #92 meeting, the following agreements on common aspects for TDD support in feNB-IoT were made [1]: 

Agreement:
UL/DL configuration and the special subframe configuration are indicated via SIB1-NB.
Agreement:
· For standalone mode, at least the same UL/DL configurations as TDD NB-IoT in-band/guard-band are supported. FFS new UL/DL configurations in standalone.

Agreement:
· Confirm the following working assumption as agreement.

· TDD NB-IoT will support all LTE special subframe configurations

· FFS CRS-less special subframe configuration 10 is supported  

· For in-band

· UpPTS is not used for NPUSCH and NPRACH

· For standalone and guard-band

· In the LTE special subframe configurations, UpPTS behaviour is the same as in-band

· For standalone

· FFS if to introduce new special subframe configurations comprising ‘DwPTS+GP’ and ‘GP+UpPTS’, and FFS the use of DwPTS/UpPTS in them
Agreement:
· Supporting two HARQ processes is an optional UE capability in NB-IoT TDD system.
· A 2-HARQ capable UE configured with 2 HARQ processes can be scheduled to transmit in UL subframes that occur during a DL reception, and receive in DL subframes that occur during a UL transmission.

Agreement:
· Dynamic indication of scheduling delay in DCI is used for TDD NB-IoT.

· FFS: definition of DL/UL scheduling delay
Agreement:
· Higher layers signal one bitmap containing to indicate whether the DL/UL/special subframes are valid or not.

· The length of the bitmap applies to

· For guard-band: 10 ms

· For standalone: 10 ms

· FFS: other values if any for co-existence purpose 

· For in-band: At least 10 ms and 40 ms are supported; FFS if also an 80 ms length is supported for coexistence with dynamic TDD.

Agreement:
· The maximum UL and DL TBS for Cat. NB1 and Cat. NB2 are kept the same as Rel-13/Rel-14 (e)NB-IoT FDD systems
In RAN1 #92bis meeting, the following agreements were further made [2]:
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 addition, the email discussion after RAN1 #92bis meeting agreed the following:

Agreement:
· For a UE configured with 2 HARQ processes, the minimum timing relationships within one HARQ process for NPDCCH to NPDSCH, NPDCCH to NPUSCH format 1, NPDSCH to corresponding ACK/NACK, NPUSCH format 1 to corresponding ACK/NACK, and NPUSCH format 2 to next DCI for the same process, are the same as Rel-14 FDD.
· The 1 ms minimum gap from end of NPUSCH format 2 for one HARQ process to NPDCCH for the other HARQ process is not specified for TDD NB-IoT.
· For UE configured with 2 HARQ processes, eNB can schedule NPDSCH of a DL HARQ process which begins before the completion of NPUSCH format 1 for an UL HARQ process or format 2 of the other DL HARQ process transmission
· For UE configured with 2 HARQ processes, eNB can schedule NPUSCH format 1 for an UL HARQ process or format 2 of a DL HARQ process which begins before the completion of NPDSCH reception for the other DL HARQ process
· Collisions between NPUSCH format 1 for an UL HARQ process and NPUSCH format 2 corresponding to a DL HARQ process are assumed to be avoided by eNB, with no specified UE behavior in case of collision.
In this contribution, we share our views on the remaining design details of common aspects for TDD NB-IoT, including the UL/DL configuration, scheduling delay for DL and UL transmission, and the support for interlaced DL and UL transmission. 
2 TDD configurations
Based on the agreed designs for NPSS, NSSS, NPBCH and SIB1-NB in TDD NB-IoT systems, it is feasible to support TDD configuration 6. Considering the use cases with UL heavy traffic in NB-IoT, it is preferred to support TDD configuration 6 which contains plenty of UL subframes. 

For standalone mode, in RAN1 #92 meeting, it was agreed that at least the same UL/DL configurations as in-band/guard-band are supported and FFS new UL/DL configurations in standalone [1]. Note that the current supported TDD configurations #1-5 and potentially TDD configuration #6 already provide quite flexible UL/DL subframe patterns. In addition, it is not clear what kind of new use cases motivating new TDD configurations for standalone mode. Moreover, considering the timeline for Rel-15 feNB-IoT WI, it is preferred not to introduce new UL/DL configurations for standalone mode. Regarding whether new special subframe configurations should be introduced or not, it was agreed that UpPTS is not used for NPUSCH and NPRACH, and thus the existing special subframe has the functionality same as the structure of ‘DwPTS + GP’. Therefore, there is no need to introduce new special subframe configuration comprising ‘DwPTS + GP’. For possible new special subframe configuration comprising ‘GP + UpPTS’, with such new special subframe, UpPTS may be used for NPUSCH and NPRACH. To support this, new RU design for NPUSCH and new design for NPRACH would be needed. Considering the timeline, it is not preferred to introduce the new special subframe configuration comprising ‘GP + UpPTS’ either in this release.
Proposal 1:
· Support TDD configuration 6 for TDD NB-IoT.
Proposal 2:

· New TDD UL/DL configurations and special subframe configurations are not supported for standalone mode. 
3 Scheduling delay for DL/UL transmissions
For DL scheduling delay, it was agreed in last RAN1 meeting that the scheduling delay is based on valid DL subframes with the remaining issue that whether the valid special subframe including DwPTS can be counted as a part of the scheduling delay. As DL transmission is supported during DwPTS, we propose to count the valid special subframe as a part of the DL scheduling delay. 
For UL scheduling delay, recall that in FDD NB-IoT, the scheduling delay for NPUSCH indicates the absolute number of subframes. Considering that there may be less number of UL subframes in TDD NB-IoT systems depending on the TDD UL/DL configurations, the UL scheduling delay can be either extended to provide sufficient number of UL subframes to accommodate other NPUSCH, or the UL scheduling delay can only count the valid UL subframes. To minimize the specification effort, it is preferred to have a similar design as DL, i.e. reusing the UL scheduling delay values defined for FDD NB-IoT and only counting the valid UL subframes as a part of the UL scheduling delay. As UL transmission is not supported during UpPTS, the special subframe is not counted as a part of the UL scheduling delay. 
Proposal 3:

· For DL scheduling delay, the valid special subframe is counted as a part of the DL scheduling delay.

· For UL scheduling delay, reuse the FDD UL scheduling delay values and only count the valid UL subframes as a part of the UL scheduling delay. 

· Special subframe is not counted as a part of the UL scheduling delay. 
4 Interlaced DL and UL transmissions
Due to the interlaced DL and UL subframes in TDD systems, to reduce the latency and improve the data rate, it was agreed in RAN1 #92 meeting to support interlaced DL and UL transmissions for 2-HARQ capable UE configured with 2 HARQ processes. On the other hand, for single-HARQ capable UEs, to keep the buffer size and processing capability the same as in Rel-13 FDD NB-IoT, it is preferred to not support the interlaced DL and UL transmission for these UEs. 
For 2-HARQ capable UE configured with 2 HARQ processes, the condition where UE is not required to monitor NPDCCH is still under discussion. Recall that in FDD NB-IoT, the start of UL HARQ-ACK transmission is at least 12 ms later than the end of corresponding NPDSCH transmission, to provide sufficient time for UEs to decode the NPDSCH and prepare the HARQ-ACK feedback. To following the same design principle and keep UE complexity low, it is preferred that UE is not required to monitor NPDCCH from the start of the earliest NPDSCH until the start of the latest NPUSCH format 2. 
Another open issue related to the interlaced DL and UL transmission is whether to support early termination of NPUSCH transmission. Recall that as agreed in the email discussion, the minimum timing relationship within one HARQ process for NPUSCH format 1 to corresponding ACK/NACK is the same as Rel-14 FDD. In the FDD NB-IoT, the start of DL ACK/NACK transmission is at least 3 ms later than the end of the corresponding NPUSCH transmission. Following the same timing relationship, the early termination of NPUSCH is not supported for TDD NB-IoT. 
Proposal 4:
· Interlaced DL and UL transmission is not supported for single-HARQ capable UE. 
· UE is not required to monitor NPDCCH from the start of the earliest NPDSCH until the start of the latest NPUSCH format 2. 
· Early termination of NPUSCH for TDD NB-IoT is not supported in this release. 

5 Conclusion

In this contribution, we discuss about the common design aspects for TDD NB-IoT. Based on the discussions, we make the following proposals:
Proposal 1:

· Support TDD configuration 6 for TDD NB-IoT.

Proposal 2:

· New TDD UL/DL configurations and special subframe configurations are not supported for standalone mode. 
Proposal 3:

· For DL scheduling delay, the valid special subframe is counted as a part of the DL scheduling delay.

· For UL scheduling delay, reuse the FDD UL scheduling delay values and only count the valid UL subframes as a part of the UL scheduling delay. 

· Special subframe is not counted as a part of the UL scheduling delay. 
Proposal 4:

· Interlaced DL and UL transmission is not supported for single-HARQ capable UE. 

· UE is not required to monitor NPDCCH from the start of the earliest NPDSCH until the start of the latest NPUSCH format 2. 

· Early termination of NPUSCH for TDD NB-IoT is not supported in this release. 
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