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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#92, the agreements for common aspects for TDD NB-IoT are shown below [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 this paper, we further discuss common aspects in TDD NB-IoT. 

[bookmark: _Ref129681832]TDD configurations
One potential use case in NB-IoT is the updates of information on billboards and displays on the UEs or gathering some information of UE states (e.g. stock tickers, advertisement, pricing, traffic, water meter etc.). So there will be much uplink traffic that needs to be sent by NB-IoT UEs. Considering this point, it is preferred to support UL-DL configuration #6 in TDD since the uplink resources are enough for these use cases. The main reason given for not supporting UL-DL configuration #6 in RAN1#90bis is that it has no transmission locations for SIB1-NB, so it was suggested to remove support in TDD. However, based on the current agreements, it has now been agreed that SIB1-NB is transmitted on SF0. Therefore, TDD NB-IoT system should support uplink-downlink configuration #6 in order to have this configuration with plenty of UL resources considering the typical UL-heavy traffic types for NB-IoT deployments. The conclusion in RAN1#92 to come back to configuration #6 later was based on seeing how much additional effort was needed. The relevant proposals in e.g. [2] and [3] include configuration #6 without any dedicated extra RAN WG effort and a configuration should not be removed unless it is really problematic to include.
Proposal 1: UL-DL configuration #6 is supported in TDD NB-IoT.
[bookmark: OLE_LINK118][bookmark: OLE_LINK119][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In RAN1#92, it was agreed to support all LTE special subframe configurations and FFS the ‘CRS-less’ special subframe configuration #10. In ‘CRS-less’ special subframe configuration #10, CRS is not transmitted on the 5th symbol of DwPTS part. So whether CRS is transmitted in the 5th symbol of DwPTS in special subframe configuration #10 should be indicated in this case. Otherwise, the channel estimation performance or the measurement based on CRS for in-band operation mode would be impacted for TDD UEs.
Proposal 2: SIB1-NB indicates when CRS is not transmitted in the 5th symbol of DwPTS to support CRS-less special subframe configuration 10 in TDD NB-IoT.
In TDD NB-IoT, whether to introduce a new TDD configuration is FFS in standalone based on RAN1 #92 agreements. In general, a new UL-DL configuration not already defined in LTE is needed when the service cannot be provided very well by any of the current UL-DL configurations due to the emerging new traffic models in the real networks. It is not obvious that there is something about standalone operation specifically that suggests this is the case.It is agreed to not use UpPTS for NPRACH and NPUSCH. From the UE perspective, the UpPTS can be regarded as the additional gap. From this point of view, it is almost the same as a possible new special subframe configuration “DwPTS+GP”. So it is unnecessary to introduce this new special subframe configuration “DwPTS+GP”. For the new special subframe configuration “GP+UpPTS”, if it is supported then UpPTS can be used for NPRACH or NPUSCH. But in this case, the new NPRACH formats and RU structures may need redesign if any use is to be made of the resources. TDD NB-IoT already supports five NPRACH formats based on current agreements and diverse cell types. Adding more formats creates more eNB receiver implementation effort, and should only be done in case a very clear additional advantage is found;  so far one has not been articulated.
Proposal 3: Additional new special subframe configurations are not supported for standalone mode.
[bookmark: OLE_LINK120][bookmark: OLE_LINK121][bookmark: OLE_LINK122]HARQ in TDD NB-IoT
In FDD NB-IoT, the DL scheduling delay k0 is the number of NB-IoT DL valid subframe(s) starting from DL subframe n+5 until DL subframe n0 where subframe n is the last subframe in which the NPDCCH is transmitted and subframe n0 is the first valid DL subframe in which the NPDSCH is transmitted. In TDD NB-IoT, it was agreed that NPDCCH/NPDSCH can be transmitted in valid special subframes. Thus in TDD NB-IoT, if maintaining the same principle as FDD, the DL scheduling delay k0 should be the number of valid DL and special subframes starting from subframe n+5 until subframe n0 in the same way as FDD. The scheduling delay values in FDD NB-IoT can be reused.
Proposal 4: In TDD NB-IoT, DL scheduling delay is based on valid downlink and special subframes. The scheduling delay values in FDD NB-IoT can be reused.
For uplink in FDD NB-IoT, the scheduling delay k0 is the number of DL subframes. A UE shall perform a corresponding NPUSCH transmission using NPUSCH format 1 at the end of n+k0 DL subframe where subframe n is the last subframe in which NPDCCH is transmitted. However in TDD, there are invalid UL subframes indicated by a bitmap. If maintaining the same UL scheduling delay definition as FDD, the subframe n+k0+1 may not be a valid UL subframe. In this case, postponing to the first valid UL subframe is needed. However, the eNB cannot schedule other UEs during the scheduling delays due to small numbers of valid UL subframes during the few ms scheduling delay. Another simple way is to define the scheduling delay based on valid uplink subframes which is similar as DL scheduling delays. It is easier for eNB to schedule another UEs during the scheduling delays. Note that it was already agreed that UpPTS is not used for NPUSCH and NPRACH for any operation mode. So we have the following proposal. 
Proposal 5: In TDD NB-IoT, UL scheduling delay is based on valid uplink subframes.
In Rel-13 NB-IoT, it is assumed that a UE is required to do only “one thing at a time” to permit very simple UE implementations. The UE is never required to send UL data when the UE is receiving DL data, and vice-versa, due to half duplex operation. For the downlink transmission, the gap between DL grant and NPDSCH transmission is at least 4 ms and the UL ACK/NACK feedback is at least 12 ms later than the end of NPDSCH transmission. In uplink direction, the gap between UL grant and NPUSCH transmission is at least 8 ms and the DL ACK/NACK transmission is at least 3 ms later than the end of NPUSCH transmission. Thus in TDD, it is preferred to keep the minimum gap the same as FDD to avoid increasing the UE processing complexity. And the UE does not required to receive or transmit anything during the minimum gap.
Proposal 6: The minimum gap between transmissions corresponding to one DL or UL HARQ process is the same as FDD.
For 2 HARQ UEs in TDD, it was agreed that the UE 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 in RAN1 #92. However for one DL or one UL HARQ process, in order to keep the same buffer size and process capability as Rel-13 UEs, it is preferred not to support interlaced transmission between DL and UL for 1-HARQ process UEs. That is for Cat. NB1 UEs capable of one DL or one UL HARQ process, the UE cannot be scheduled to transmit in UL subframes that occur during a DL reception, and receive in DL subframes that occur during a UL transmission.
Proposal 7: For single-HARQ Cat. NB1 UEs, the UE cannot be scheduled to transmit in UL subframes that occur during a DL reception, nor receive in DL subframes that occur during a UL transmission.
For 2 HARQ processes in Rel-14 NB-IoT, the gap between NPUSCH to any DL reception is ≥ 1ms due to the retuning time between DL PRB and UL PRB. In TDD, the UL-to-DL and DL-to-UL switching time is covered by the special subframes, so it is unnecessary to separately specify this 1 ms gap in TDD NB-IoT for 2 HARQ processes.
Proposal 8: For 2 DL or 2 UL HARQ processes in Rel-15 TDD NB-IoT, the 1 ms gap between NPUSCH to any DL reception is not defined.
For the UL-DL interlaced transmission, there are 4 cases based on different DL and UL channels combinations assuming that the interlacing is between two HARQ processes and not within one HARQ process, for both DL and UL.
· Case 1: the UE can be scheduled to transmit NPUSCH format 1 of one HARQ process that occurs during the NPDSCH reception of the other other HARQ process. 
· Case 2: the UE can be scheduled to transmit NPUSCH format 1 of one HARQ process that occurs during the NPDCCH reception of the other other HARQ process. 
· Case 3: the UE can be scheduled to transmit NPUSCH format 2 of one HARQ process that occurs during the NPDSCH reception of the other other HARQ process. 
· Case 4: the UE can be scheduled to transmit NPUSCH format 2 of one HARQ process that occurs during the NPDCCH reception of the other other HARQ process.
In case 1, it means that DL and UL transmission can be scheduled in parallel, i.e. if a DL transmission has been scheduled, an UL transmission can also be scheduled until the DL HARQ process is finished. This may have some benefit for the latency reduction when the UE is required to transmit and receive the packet in both directions. However, there would exist the collision between NPUSCH format 1 and format 2 which needs to be avoided by eNB scheduling.
Observation 1: Collisions between NPUSCH format 1 and NPUSCH format 2 should be avoided by eNB when the UE is scheduled to transmit NPUSCH format 1 that occur during the NPDSCH reception.
In case 2, since the NPUSCH format 1 belongs to one HARQ process, the NPDCCH can carry a DL grant or a UL grant corresponding to the other HARQ process. The minimum gap from DL or UL grant to NPDSCH or NPUSCH respectively should be guaranteed.
In case 3, the NPUSCH format 2 corresponding to one HARQ process can be sent during the NPDSCH reception corresponding to the other HARQ process. This can reduce the latency of NPUSCH format 2 transmission. But the 12 ms gap between NPDSCH to ACK/NACK feedback should also be maintained.
In case 4, the NPDCCH can carry a UL grant or a DL grant corresponding to another HARQ process. The minimum gap should also be guaranteed same with case 2.
Proposal 9: For 2-HARQ Cat. NB2 UEs, interlaced transmission supports that the UE can be scheduled to:
· Transmit NPUSCH format 1/2 corresponding to one HARQ process that occur during a DL reception corresponding to the other HARQ process; and
· Receive in DL subframes corresponding to one HARQ process that occur during NPUSCH format 1/2 transmission corresponding to the other HARQ process.
Interlacing within one HARQ process is not supported.
Other
In dynamic TDD, the maximum period for UEs to monitor PDCCH with eIMTA-RNTI is 80ms. But the UL-DL configuration within a period is not changed. So in TDD NB-IoT, the 10 ms or 40 ms bitmap is enough to indicate whether the DL/UL/special subframes are valid or not.
Proposal 10: Do not support 80 ms bitmap to indicate valid subframe configuration for in-band operation mode in Rel-15 TDD NB-IoT.
In RAN1 #92 meeting, it was agreed that 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. Thus the soft channel bits can also be the same with Rel-13/Rel-14 NB-IoT.
Proposal 11: The number of soft channel bits for Cat. NB1 and Cat. NB2 is the same as Rel-13/Rel-14 (e)NB-IoT FDD systems.
Based on the WID, the baseline for Rel-15 TDD is to support the same features as Rel-13 and a part of Rel-14 features. Use of valuable time to go beyond the WID is not appropriate for cross-carrier scheduling discussions.
Conclusion: It is not appropriate to further discuss cross-carrier scheduling in TDD NB-IoT in Rel-15.

Conclusions
In this paper, we discuss the common part of TDD NB-IoT and give some proposals and observations.
Proposal 1: UL-DL configuration #6 is supported in TDD NB-IoT.
Proposal 2: SIB1-NB indicates when CRS is not transmitted in the 5th symbol of DwPTS to support CRS-less special subframe configuration 10 in TDD NB-IoT.
Proposal 3: Additional new special subframe configurations are not supported for standalone mode.
Proposal 4: In TDD NB-IoT, DL scheduling delay is based on valid downlink and special subframes. The scheduling delay values in FDD NB-IoT can be reused.
Proposal 5: In TDD NB-IoT, UL scheduling delay is based on valid uplink subframes.
Proposal 6: The minimum gap between transmissions corresponding to one DL or UL HARQ process is the same as FDD.
Proposal 7: For single-HARQ Cat. NB1 UEs, the UE cannot be scheduled to transmit in UL subframes that occur during a DL reception, nor receive in DL subframes that occur during a UL transmission.
Proposal 8: For 2 DL or 2 UL HARQ processes in Rel-15 TDD NB-IoT, the 1 ms gap between NPUSCH to any DL reception is not defined.
Observation 1: Collisions between NPUSCH format 1 and NPUSCH format 2 should be avoided by eNB when the UE is scheduled to transmit NPUSCH format 1 that occur during the NPDSCH reception.
Proposal 9: For 2-HARQ Cat. NB2 UEs, interlaced transmission supports that the UE can be scheduled to:
· Transmit NPUSCH format 1/2 corresponding to one HARQ process that occur during a DL reception corresponding to the other HARQ process; and
· Receive in DL subframes corresponding to one HARQ process that occur during NPUSCH format 1/2 transmission corresponding to the other HARQ process.
Interlacing within one HARQ process is not supported.
Proposal 10: Do not support 80 ms bitmap to indicate valid subframe configuration for in-band operation mode in Rel-15 TDD NB-IoT.
Proposal 11: The number of soft channel bits for Cat. NB1 and Cat. NB2 is the same as Rel-13/Rel-14 (e)NB-IoT FDD systems.
Conclusion: It is not appropriate to further discuss cross-carrier scheduling in TDD NB-IoT in Rel-15.
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