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1 Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1 #92 and RAN1 #92bis meetings, the following agreements related to scheduling aspects of TDD NB-IoT were reached [1] [2].
	RAN1#92 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
RAN1#92 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.
RAN1#92 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
RAN1#92 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.

RAN1#92 Agreement
· Dynamic indication of scheduling delay in DCI is used for TDD NB-IoT.
· FFS: definition of DL/UL scheduling delay
RAN1#92 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.

RAN1#92bis 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

RAN1#92bis 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
RAN1#92bis email discussion [92b-LTE-12] agreements:
· 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 provide our views on the scheduling aspects of TDD NB-IoT. 
2 Discussion
2.1 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, it was agreed that “Higher layers signal one bitmap containing to indicate whether the DL/UL/special subframes are valid or not.” Clear definition of the bitmap and the relation between the bitmap and the definition of NB-IoT DL subframes and NB-IoT UL subframes, if defined, should be discussed.
First, the meaning of the bits in the bitmap should be defined as follows:
If a bit is 1/0, then the subframe is a valid/invalid DL subframe if the bit corresponds to a DL subframe.
If a bit is 1/0, then the subframe is a valid/invalid UL subframe if the bit corresponds to a UL subframe.
If a bit is 1/0, then the subframe is a valid/invalid special subframe if the bit corresponds to a special subframe.
The above definition of the bitmap seems straight forward, but it is needed for further discussion of other issues.
Second, the definition of NB-IoT DL subframes and NB-IoT UL subframes should be discussed.
Since UpPTS is agreed not to be used for NPUSCH and NPRACH in LTE special subframe configurations, a simple approach for defining NB-IoT DL subframes is to define NB-IoT DL subframes as the valid DL subframes not used for NPSS/NSSS/NPBCH/SIB1-NB and the valid special subframes. However, this approach does not work for standalone mode if new special subframe configurations such as ‘GP+UpPTS’ is introduced. In addition, it is still FFS if all special subframe configurations are supported for NPDCCH. If we go with this approach, then some ‘NB-IoT DL subframes’ are not used for NPDCCH if the valid special subframes are not used for NPDCCH. Therefore, we think it is better to define NB-IoT DL subframes the same way as in FDD NB-IoT.
Proposal 1: NB-IoT DL subframes are defined as the valid DL subframes not used for NPSS/NSSS/NPBCH/SIB1-NB.
In FDD NB-IoT, if a NPUSCH transmission collides with NPRACH resource, the NPUSCH is postponed. As discussed in the next section, the scheduling delay used for scheduling a NPUSCH should only count NB-IoT UL subframes. Therefore, it will be beneficial to define NB-IoT UL subframes as the valid UL subframes excluding the subframes with all subcarriers allocated to NPRACH. This way can make it easier to schedule NPUSCH around NPRACH resource.

Proposal 2: NB-IoT UL subframes are defined as the valid UL subframes excluding the subframes with all subcarriers allocated to NPRACH.

2.2 Scheduling delay
In the last meeting, it was agreed that “Downlink scheduling delay is defined by 4 physical subframes + k0, and k0 is based on valid downlink subframes”. It is still FFS whether valid special subframes which include DwPTS can be counted as a part of the scheduling delay k0. For this issue, it depends on how another FFS point made in RAN1 #92 is resolved. That is, if all numbers of repetitions for NPDCCH using special subframe are supported should first be determined.
Because it is more likely a NPDCCH or NPDSCH in a valid special subframe is transmitted by puncturing the GP and UpPTS parts, for smaller number of repetitions of NPDCCH, e.g., 1 or 2 repetitions, special subframes should not be used. The corresponding NPDSCH with small number of repetitions is preferably to start at a NB-IoT DL subframe. Therefore, for a search space with small number of repetitions, special subframes should not be counted as part of k0.
On the other hand, for a NPDCCH with larger number of repetitions, e.g., 16 repetitions, special subframes should be used for NPDCCH, and the corresponding NPDSCH can start at either a NB-IoT DL subframe or a valid special subframe. Therefore, for a search space with large number of repetitions, valid special subframes should be counted as part of k0.
To better utilize the resource, we think it could be beneficial to indicate using DCI whether valid special subframes should be counted as part of k0. For example, in a search space with Rmax equals to 8, assume NPDCCH with 1 or 2 repetitions do not use special subframes, while NPDCCH with 4 or 8 repetitions use valid special subframes. Then, take UL/DL configuration 3 for example, we can schedule three NPDCCH candidates with 1 repetition and one NPDCCH candidates with 4 repetitions in a search space, as shown in Figure 1. From the current agreements for counting scheduling delay k0, the 2nd and 3rd candidate with 1 repetition will have the same NB-IoT DL subframe corresponding to k0=0, if both count or both do not count valid special subframes. Therefore, only one candidate of the two candidates can indicate k0=0. This makes the scheduled NPDSCH unnecessarily scattered and results in longer NPDCCH periods. Figure 1 shows an example of using the DCI to indicate whether valid special subframes are counted as part of k0. The number in the figure represents k0, and ‘(s)’ means valid special subframes are counted as part of k0.
[image: ]
Figure 1. Whether valid special subframes is counted as a part of k0 is signaled in DCI.
Proposal 3: Whether the scheduling delay counts the special subframes is indicated by the scheduling DCI.


In TDD NB-IoT, the scheduling delay for NPUSCH should only count NB-IoT UL subframes, as discussed in previous section. The processing timeline in FDD NB-IoT can be reused for the minimum delay. That is, scheduling delay for TDD NB-IoT NPUSCH format 1 is defined by 8 physical subframes + k0, and k0 is based on NB-IoT UL subframes, and NPUSCH format 1 is started from the first NB-IoT UL subframe after the scheduling delay.
Proposal 4: Scheduling delay for TDD NB-IoT NPUSCH format 1 is defined by 8 physical subframes + k0, and k0 is based on NB-IoT UL subframes, and NPUSCH format 1 is started from the first NB-IoT UL subframe after the scheduling delay.

For HARQ-ACK transmission, the scheduling delay can be defined similarly as NPUSCH format 1, except that the processing timeline should reuse that in FDD NB-IoT.
Proposal 5: Scheduling delay for TDD NB-IoT NPUSCH format 2 is defined by 12 physical subframes + k0, and k0 is based on NB-IoT UL subframes, and NPUSCH format 2 is started from the first NB-IoT UL subframe after the scheduling delay.


2.3 DL/UL interlacing
It was agreed that 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. This DL/UL interlacing can potentially facilitate early termination of NPUSCH format 1, by continuing to monitor NPDCCH for the same HARQ process, and if a DCI is detected with the NDI toggled, the ongoing NPUSCH can be terminated. This is good for UE power saving and is beneficial for resource utilization considering less radio resources in TDD compared to FDD. However, the processing load of a 2-HARQ UE should be considered when specifying the NPDCCH monitoring behavior for early termination. In FDD, after a UE detected 2 DCIs for the 2 HARQ processes, the UE stops monitoring the NPDCCH. For TDD NB-IoT, let’s now consider a 2-HARQ UE with one UL HARQ and one DL HARQ. If the 2 HARQ processes are in parallel, then monitoring NPDCCH before transmission of HARQ-ACK for the DL HARQ process for early termination of the UL HARQ process will require UE to simultaneously decode NPDSCH and NPDCCH. Therefore, monitoring NPDCCH for early termination should be allowed after decoding of NPDSCH is completed.
Proposal 6: For a 2-HARQ UE with 1 UL HARQ process and 1 DL HARQ process, the UE is not required to monitor NPDCCH from 2 subframes before the start of a NPDSCH, until 12 subframes after the end of the NPDSCH.





3 Conclusions
Based on the discussion, we have the following proposals.
Proposal 1: NB-IoT DL subframes are defined as the valid DL subframes not used for NPSS/NSSS/NPBCH/SIB1-NB.
Proposal 2: NB-IoT UL subframes are defined as the valid UL subframes excluding the subframes with all subcarriers allocated to NPRACH.
Proposal 3: Whether the scheduling delay counts the special subframes is indicated by the scheduling DCI.
Proposal 4: Scheduling delay for TDD NB-IoT NPUSCH format 1 is defined by 8 physical subframes + k0, and k0 is based on NB-IoT UL subframes, and NPUSCH format 1 is started from the first NB-IoT UL subframe after the scheduling delay.
Proposal 5: Scheduling delay for TDD NB-IoT NPUSCH format 2 is defined by 12 physical subframes + k0, and k0 is based on NB-IoT UL subframes, and NPUSCH format 2 is started from the first NB-IoT UL subframe after the scheduling delay.
Proposal 6: For a 2-HARQ UE with 1 UL HARQ process and 1 DL HARQ process, the UE is not required to monitor NPDCCH from 2 subframes before the start of a NPDSCH, until 12 subframes after the end of the NPDSCH.
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