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Introduction
[bookmark: _Ref421460494]The common aspects of TDD NB-IoT was discussed in RAN1 #92 and #92bis meetings with the following agreements:
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
· 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
And through email discussion, the following agreements were agreed:
· Proposal A) 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.
· Proposal B) 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.
· Proposal 5) 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
· Proposal 6) 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
· Proposal 8) 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, support of 2 HARQ and cross carrier scheduling are discussed. 
Cross carrier scheduling
Compared with FDD, on one carrier, TDD system has less uplink subframe and downlink subframes, and the ratio is configured by eNB. Therefore, in some UL/DL configurations, DL resource is very limited, and in other UL/DL configurations, UL resource is very limited. For anchor carrier, 2~3 DL subframes every 10ms are occupied by DL common channel/signals, which makes UL and DL resource are very imbalanced. In order to balance the UL and DL resource, it is better to support cross carrier scheduling for TDD NB-IoT system. 1ms for UL to DL or DL to UL switching time is better to be kept, similar as the one for FDD, although the retuning gap may be limited within 20MHz. Based on LS from RAN 4, since there are guard period from DL-to-UL and timing advance may natural create a gap for UL-to-DL, therefore, there is no need to further specify the gap for UL-to-DL or DL-to-UL switching on the same carrier for TDD NB-IoT. 
The carrier for UE specific search space (USS) can be configured by RRC, as well as a set of DL carriers and UL carriers. DCI can be used to indicate one of the set of UL or UL carriers for NPDSCH or NPUSCH format 1 transmission. For carrier for NPUSCH format 2 (UCI) transmission, as discussed in [2], can also be configured by RRC, so that it may not have to be the same one as for NPUSCH format 1. From eNB point of view, it may be easier to schedule a group of UEs on one carrier for UCI transmission, which only has single-tone allocation. It could also have more uplink resource with whole PRBs to support high data rate transmission with 12 tones.   
Proposal #1: Support cross carrier scheduling in NB-IoT TDD system, with 1ms for UL-to-DL or DL-to-UL carrier switching. 
Proposal #2: Use DCI to indicate one of the carrier for NPDSCH or NPUSCH format 1 transmission from a set of DL or UL carriers configured by RRC.
Proposal #3: The carrier for NPUSCH format 2 transmission is configured by RRC. 
Support of 2 HARQ in TDD
Definition of UL scheduling delay
In Rel-14 FDD NB-IoT, for uplink data transmission, scheduling delay for NPUSCH format 1 is indicated in DCI, with the supported value from {8, 16, 32, 64}ms. For NPDSCH, 4ms is guaranteed to decode DCI, and prepare for receiving downlink data. DCI indicates additional scheduling delay from 0 to maximal 1024 valid subframes for , after 4ms. 
For the scheduling delay of NPUSCH transmission, there are two options, one is use absolute values as for FDD for NPUSCH, and the other option is 8ms plus counting the number of valid UL subframes, similar as DL. As discussed in [2], for option 1, larger scheduling delay is needed which may require more bits in DCI. For the second option, the number of valid UL subframes will naturally scales with different UL/DL configuration and 2 bits in DCI is enough. On the other hand, since in TDD system, there are DL subframes between UL subframes, it is easier to find proper position for NPDCCH transmit to achieve higher data rate. 
Proposal #4: The uplink scheduling delay is defined as 8 physical subframes + k0, with k0 = {0, 8, 16, 32} in TDD, where k0 is based on valid uplink subframes.
UL/DL interlacing
[bookmark: _GoBack]UL/DL interlacing can happen between one UL HARQ process and one DL HARQ process, or between two DL HARQ processes, or between two UL HARQ processes. It is unnecessary to support full flexibility of UL/DL interlacing, which means eNodeB can send DL grant or NPDSCH at any time during the uplink HARQ process of UE and vice versa, due to the high complexity and some potential problems. 
Interlaced NPDSCH and NPUSCH format 1/2 was agreed in the email discussion. The remaining types of UL/DL interlacing are listed below with corresponding discussion on whether it should be supported:
· NPDCCH monitoring during NPUSCH: UE can monitor MPDCCH search space in DL subframes during NPUSCH format 1 transmission to receive potential UL/DL grants. For NUSCH format 2, NPDCCH monitoring is achievable with limited additional complexity, but the gain is limited as well, since the ongoing HARQ process will finish after a very short time interval. This case can be accepted if necessary, e.g. if NPDCCH monitoring behavior for NPUSCH format 1 and format 2 needs to be aligned.
· NPDCCH monitoring during NPDSCH is not supported since NPDSCH occupies the overall bandwidth. 
· NPDCCH monitoring during transmission gap: For NPDCCH monitoring during the gap between data and HARQ-ACK feedback, UE needs to decode received NPDSCH and prepare ACK/NACK feedback during the gap, therefore additional NPDCCH monitoring and decoding might have impact on UE complexity and result in higher requirement of UE capability. This case should be further evaluated. 
Therefore, we have the following proposal:
Proposal #5: For UL/DL interlacing capable UE with one UL HARQ process and one DL HARQ process, the following are supported:
· If UE are not already scheduled with two HARQ processes, UE monitors NPDCCH during NPUSCH format 1 or format 2 transmission;
· UE is not expected to receive NPDCCH during NPDSCH reception of the DL HARQ processes;
· NPDCCH monitoring during the gap between NPDSCH and the corresponding ACK/NACK feedback might have impact on UE decoding of NPDSCH and should be further discussed.
With interlaced UL/DL HARQ processes, the UL/DL switching will happen more frequently and the switching time introduces large overhead. Since the same carrier is used for both UL and DL in TDD, the UL/DL switching time should be reduced compared with legacy FDD NB-IoT. In RAN1#91 meeting, RAN4 replies an LS on minimum time for UL/DL switching on one NB-IoT carrier for TDD NB-IoT UEs as follows,
Considering NB-IoT UEs should be low complexity, RAN4 further discussed the minimum time for DL-to-UL and UL-to-DL switching on one NB-IoT carrier for TDD NB-IoT UEs and evaluated it to be equal to 40s for both direction.
Therefore, for two adjacent UL and DL subframes with interlaced UL/DL transmission, at least one symbol should be used as minimum gap to allow UL/DL switching. For DL-to-UL switching, GP+UpPTS can be used. For UL-to-DL switching, the control region can be used for in-band operation mode, and puncturing should be introduced for guard-band and standalone operation modes.
Proposal #6: GP+UpPTS is used for DL-to-UL switching. For UL-to-DL switching, the control region is used for in-band, and for guard-band/standalone further evaluation is needed that which symbol(s) should be punctured.
Conclusion
In this paper, support of 2 HARQ and cross carrier scheduling are discussed. We proposed:
Proposal #1: Support cross carrier scheduling in NB-IoT TDD system, with 1ms for UL-to-DL or DL-to-UL carrier switching. 
Proposal #2: Use DCI to indicate one of the carrier for NPDSCH or NPUSCH format 1 transmission from a set of DL or UL carriers configured by RRC.
Proposal #3: The carrier for NPUSCH format 2 transmission is configured by RRC. 
Proposal #4: The uplink scheduling delay is defined as 8 physical subframes + k0, with k0 = {0, 8, 16, 32} in TDD, where k0 is based on valid uplink subframes.
Proposal #5: For UL/DL interlacing capable UE with one UL HARQ process and one DL HARQ process, the following are supported:
· If UE are not already scheduled with two HARQ processes, UE monitors NPDCCH during NPUSCH format 1 or format 2 transmission;
· UE is not expected to receive NPDCCH during NPDSCH reception of the DL HARQ processes;
· NPDCCH monitoring during the gap between NPDSCH and the corresponding ACK/NACK feedback might have impact on UE decoding of NPDSCH and should be further discussed.
Proposal #6: GP+UpPTS is used for DL-to-UL switching. For UL-to-DL switching, the control region is used for in-band, and for guard-band/standalone further evaluation is needed that which symbol(s) should be punctured.
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