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Introduction
[bookmark: _Ref421460494]RAN 1 got an LS from RAN 4 [1], 
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.
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
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 TDD NB-IoT, the indication method of scheduling delay can be reused, with a few changes. 
Firstly, NPUSCH transmission should start from, the first valid uplink subframe that meets the scheduling delay, since the first subframe shortly after scheduling delay may not be for uplink subframe with a certain UL/DL configuration. 
Secondly, to support 2 HARQ process in TDD, larger scheduling delay may be needed, at least for NPUSCH. It is actually a remaining issue since FDD. For NPUSCH, to schedule the second HARQ process, the scheduling delay needs to be large enough to ensure NPUSCH for the first process ends before the NPUSCH for the second process starts. The maximum scheduling delay for NPUSCH is only 64 ms in legacy NB-IoT. 64ms can only support the single-tone transmission of 8 repetitions with single RU, and cannot even support any transmission with 10 RUs. Actually, even for 12-tone, 64 ms is only enough for 4 repetitions if the number of RU is 10. It implies that, eNB can only schedule a UE in very good coverage with 2 HARQ processes. The circumstance gets worse with TDD. Since uplink subframes are not continuous, the uplink subframes for NPUSCH transmission within 64ms has even smaller than previous analysis. To support efficient application of this feature, it is suggested to enlarge the maximum scheduling delay, at least for NPUSCH. The detailed value could be FFS. 
Proposal #4: For TDD NB-IoT, the same method of scheduling delay indication in DCI can be resued. The NPUSCH transmission starts from the first valid uplink subframe after the scheduling delay. 
Proposal #5: Introduce larger scheduling delay for NPUSCH at least for 2 HARQ processes and FFS on the values. 
Different from FDD, in TDD system, UE may be able to monitor DL during UL transmission after the switching gap. For example, during NPUSCH format 1 transmission, UE can monitor NPDCCH on DL subframe. It seems also possible to receive NPDSCH during NPUSCH format 1 transmission. However, compared with FD-FDD, which only can start DL reception after finish of an NPUSCH HARQ process, it may have impact to UE complexity, e.g., it requires UE to handle one UL HARQ process and one DL HARQ process at the same time. 
For FDD NB-IoT UE, it was agreed in RAN 2 that not support UL and DL transmission in parallel, shown as in TS 36.321 Section 5.7
NOTE:	For NB-IoT DL and UL transmissions will not be scheduled in parallel, i.e. if a DL transmission has been scheduled an UL transmission will not be scheduled until HARQ RTT Timer of the DL HARQ process has expired (and vice versa).
Therefore, in order to maximal reuse FDD NB-IoT UE, it is not preferred to support interlaced UL HARQ and DL HARQ. However, in order to utilize the character, UE can monitor NPDCCH on the DL subframes between NPUSCH format 1transmission for early termination of NPUSCH format 1, or for the schedule of the second uplink HARQ process. And during NPUSCH format 2 transmission, UE can monitor NPDCCH on the DL subframes for the scheduling of second NPDSCH HARQ process.  
Proposal #6: UE is required to monitor NPDCCH on the DL subframes between NPUSCH format 1 transmissions for early termination of NPUSCH transmission or the scheduling of the second HARQ process of NPUSCH.
Proposal #7: UE is required to monitor NPDCCH on the DL subframes between NPUSCH format 2 transmissions for the scheduling of the second HARQ process of NPDSCH.
Proposal #8: For NB-IoT DL and UL transmissions will not be scheduled in parallel, i.e. if a DL transmission has been scheduled an UL transmission will not be scheduled until HARQ RTT Timer of the DL HARQ process has expired (and vice versa)(Same as FDD NB-IoT).
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: For TDD NB-IoT, the same method of scheduling delay indication in DCI can be resued. The NPUSCH transmission starts from the first valid uplink subframe after the scheduling delay. 
Proposal #5: Introduce larger scheduling delay for NPUSCH at least for 2 HARQ processes and FFS on the values. 
Proposal #6: UE is required to monitor NPDCCH on the DL subframes between NPUSCH format 1 transmissions for early termination of NPUSCH transmission or the scheduling of the second HARQ process of NPUSCH.
Proposal #7: UE is required to monitor NPDCCH on the DL subframes between NPUSCH format 2 transmissions for the scheduling of the second HARQ process of NPDSCH.
Proposal #8: For NB-IoT DL and UL transmissions will not be scheduled in parallel, i.e. if a DL transmission has been scheduled an UL transmission will not be scheduled until HARQ RTT Timer of the DL HARQ process has expired (and vice versa)(Same as FDD NB-IoT).
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