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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1 #92 meeting, the following agreements related to scheduling aspects of TDD NB-IoT were reached [1].
	Agreement for NPDSCH, and working assumption for NPDCCH:	
· Transmission in DwPTS is supported for in-band when the number of OFDM symbols in DwPTS is greater than 3. 
· FFS if all DwPTS configurations are supported for NPDCCH
· Transmission in DwPTS is supported for guard-band and standalone for all DwPTS configurations. 
· FFS if all numbers of repetitions of NPDCCH are supported
· FFS if all aggregation levels of NPDCCH are supported
· FFS on NRS mapping
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.




In this contribution, we provide our views on the scheduling aspects of TDD NB-IoT. 
Discussion
Valid subframes
In FDD NB-IoT, only the subframes defined as NB-IoT DL subframes are used for NPDCCH and NPDSCH. The NB-IoT DL subframes are defined as the subframes not used for NPSS/NSSS/NPBCH/SIB1-NB, and indicated as valid by the downlink bitmap.
For TDD NB-IoT, NB-IoT DL subframes can be defined the same way as in FDD NB-IoT. NB-IoT UL subframes can also be defined as the UL subframes indicated as valid by the bitmap agreed in last meeting. In addition, a special subframe is valid or not is also indicated by the bitmap. For uplink, as agreed in last meeting, special subframes using LTE special subframe configurations are not used for NPUSCH and NPRACH. For downlink, special subframes may be used for NPDCCH and NPDSCH depending on the operation mode and special subframe configuration, and may depend on the number of repetitions for NPDCCH. 
Therefore, for uplink, the valid subframes that can be used for NPUSCH and NPRACH are the NB-IoT UL subframes. For downlink, the valid subframes that can be used for NPDCCH and NPDSCH are the NB-IoT DL subframes and the special subframes that can be used, depending on the operation mode and special subframe configuration.

Observation 1: The valid subframes that can be used for NPDCCH and NPDSCH include NB-IoT DL subframes and may include special subframes.


Scheduling delay
In FDD NB-IoT, the scheduling delay for NPDSCH is counted from the subframe that is 4 DL subframes after the last DL subframe of the scheduling DCI, and the scheduling delay only counts the NB-IoT DL subframes. For uplink, the scheduling delay for NPUSCH is counted from the end of the last subframe of the scheduling DCI, and the scheduling delay counts the DL subframes. The NPUSCH transmission is then started after the scheduling delay. The scheduling delay is indicated by the scheduling delay field in the DCI, and the value of the field is an index to a scheduling delay value in a fixed table.
For HARQ-ACK transmission, the scheduling delay is counted from the end of the last subframe of the corresponding NPDSCH, and the scheduling delay counts the DL subframes. The HARQ-ACK transmission is then started after the scheduling delay.

For TDD NB-IoT, it is hard to reuse the same method for indicating the scheduled resource. For downlink, the subframe after 4 subframes from the last subframe of the scheduling DCI may not be a NB-IoT DL subframe or special subframe. For uplink, the subframe after the scheduling delay may not be a NB-IoT UL subframe. 
Observation 2: The subframe the scheduling delay is counted from may not be a NB-IoT DL subframe. The subframe the NPUSCH starts may not be a NB-IoT UL subframe. 
[bookmark: _GoBack]Therefore, a reference subframe should be defined for reference of counting the scheduling delay. For example, the reference subframe for a NPDSCH can be defined as the first NB-IoT DL subframe or special subframe after 4 subframes from the last subframe of the scheduling DCI.
Furthermore, the scheduling delay should only count NB-IoT DL subframes and NB-IoT UL subframes for NPDSCH and NPUSCH, respectively. If a DCI with smaller repetitions does not use special subframes, then whether the scheduling delay of the corresponding NPDSCH should count the special subframes may depend on whether other DCI in the same NPDCCH uses special subframes or not. If other DCI in the same NPDCCH uses special subframes, then the scheduling delay of the DCI should count the special subframes. Therefore, 1 bit can be used to dynamically signal the UE whether to count the special subframes.

Proposal 1: A reference subframe is defined for reference of counting the scheduling delay, and the scheduling delay only counts valid subframes.
Proposal 2: Whether the scheduling delay counts the special subframes is indicated by the scheduling DCI.


Conclusions
Based on the discussion, we have the following observations and proposals.
Observation 1: The valid subframes that can be used for NPDCCH and NPDSCH include NB-IoT DL subframes and may include special subframes.
Observation 2: The subframe the scheduling delay is counted from may not be a NB-IoT DL subframe. The subframe the NPUSCH starts may not be a NB-IoT UL subframe.
Proposal 1: A reference subframe is defined for reference of counting the scheduling delay, and the scheduling delay only counts valid subframes.
Proposal 2: Whether the scheduling delay counts the special subframes is indicated by the scheduling DCI.
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