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Introduction
[bookmark: _Ref421460494][bookmark: _GoBack]On discussion of common aspects for TDD NB-IoT, the following agreements are made in 3GPP TSG RAN1 Meeting #90 as: 
Agreements:
· For DL: subcarrier spacing, CP length, symbol length, subframe length, and radio frame length are the same in TDD as FDD
· At least NPSS, NSSS are transmitted on the same NB-IoT carrier.
· Non-anchor carriers at least for unicast, paging and RACH are supported in NB-IoT TDD
In this contribution, TDD configurations including UL/DL configuration, special subframe configuration and HARQ are discussed. 
UL/DL Configuration 
In Rel-13, FDD NB-IoT was specified, which supports HD-FDD UE with 200kHz RF bandwidth. FDD NB-IoT has three operation modes: LTE inband mode, LTE guardband mode and standalone mode. For NB-IoT TDD system, similar deployment scenarios are expected. Therefore, it makes sense to also support three modes for NB-IoT TDD system. Same indication, i.e., in MIB, as NB-IoT FDD can be used. 
In order to avoid UL/DL interference, for LTE in-band and guard-band mode, NB-IoT shall be able to follow same UL/DL configuration. However, for some UL/DL configurations, the number of DL subframe is too small to convey NPSS/NSSS and MIB. For example, UL/DL configuration 0 only has two downlink subframes every 10ms, which cannot transmit NPSS/NSSS and NPBCH with same density as NB-IoT FDD. Although, compared with FDD system with 200kHz system bandwidth, the actual occupied spectrum is 400kHz. Even with two aggregated carriers, it is hard to transmit all DL common channels, e.g., NPSS/NSSS, NPBCH and SIBs and both latency and coverage performance will be highly impacted. Therefore, it is reasonable not to support UL/DL configuration 0 for NB-IoT TDD. For other configurations, at least subframe #0, 5, 9 are DL subframes, which can transmit NPSS/NSSS and NPBCH, share the synchronization module with FDD NB-IoT UE and maintain similar UE complexity as FDD NB-IoT UE. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]Proposal # 1: Strive to support all the UL/DL configurations, except configuration #0 for TDD NB-IoT.
The special subframe is designed in LTE TDD system to give UE enough guard period for potential timing advance and switching timing. There is one special subframe every 5ms or 10ms and the utilization of special subframe is not very efficient. For standalone mode, there is no need to follow UL/DL configuration for LTE TDD. Therefore, more flexible configuration for standalone mode can be considered. For example, using bitmap to configure valid DL and UL subframe in SIB1-NB can be considered. Assuming eNB is more capable, there is no need to define or configure special subframe so that the spectral efficiency can be improved, as well as the performance with more continuous subframe to improve the accuracy of channel estimation. 
As for in-band and guard-band mode, the LTE UL/DL configurations need to be followed, as analyzed before. The utilization of special subframe will be discussed in the following section. To indicate the UL/DL configuration in Table 1, 3 bit will be needed. The indication can be with SIB1-NB, to inherit LTE. Or, It is also possible to convey UL/DL configuration with MIB-NB, which can be associated with the resources for SIB1-NB and/or other SIBs transmission. One simple example would be, if the UL/DL configuration is #1, #2, #4, #5 with subframe #4 as downlink subframe, the SIB1-NB can be transmitted on subframe #4 of anchor carrier, as FDD. Otherwise, if the UL/DL configuration is #3 and #6 with subframe #4 not for downlink, the SIB1-NB can be transmitted on subframe #5 of non-anchor carrier. Further, the UL/DL configuration can also be associated with the resource for other SIBs. For the configurations with limited downlink subframes, e.g., #1 and #6, other SIBs can be transmitted on non-anchor carrier, which can be different from the non-anchor carrier for SIB1-NB to further off-load the traffic on the carrier to transmit system information. 
Proposal #2: Different UL/DL subframe indication method can be considered for different operation mode, 
· Bitmap of valid DL and UL subframe to replace UL/DL configuration, for standalone
· UL/DL configuration indication for guard-band and in-band,
· FFS: indication with MIB or with SIB1-NB

Table 1: Uplink-downlink configurations (Table 4.2-2 in TS 36.211)
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	 
	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Special Subframe 
Similar as UL/DL configuration, for LTE inband and guardband deployment, it is better to follow LTE special subframe configuration. However, for standalone mode, it may not be necessary to follow LTE special subframe configuration. In Rel-13 and Rel-14, HD-FDD NB-IoT system will guarantee 1ms for UL/DL switching, i.e., for RF retuning and timing advance. Therefore, in order to maintain low UE complexity, 1ms gap between UL/DL and DL/UL shall be maintained. With the gap between UL/DL, it is not necessary to configure special subframe, at least for standalone mode. 
For inband or guardband deploy, if the special subframe can be used for other purpose, e.g., other LTE UEs, the special subframe in LTE system can be configured as invalid subframe. Otherwise, the special subframe can be configured to transmit NPUSCH and NPDSCH to increase the utilization efficiency of special subframe, if the UpPTS and DwPTS contain sufficient OFDM symbols. For standalone mode, with bitmap to indicate valid UL or DL subframe, there is no need to configure a special subframe. 
[bookmark: OLE_LINK116]Proposal #3: For LTE inband and guardband deployment, LTE special subframe configuration can be reused for TDD NB-IoT UE. FFS if special subframe can be used for uplink and downlink transmission for TDD NB-IoT. For standalone mode, there is no need to configure a special subframe. 
HARQ
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 repetition 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, the UEs that are capable to be applied with 2 HARQ process will not be too many. The circumstance gets worse with TDD. Since uplink subframes are not continuous, the NPUSCH transmitted within 64ms has even smaller repetitions 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. FFS if larger scheduling delay is needed for 2 HARQ processes.

Conclusion
In this paper, the TDD configurations for NB-IoT were discussed and we proposed:
Proposal # 1: Strive to support all the UL/DL configurations, except configuration #0 for TDD NB-IoT.

Proposal #2: Different UL/DL subframe indication method can be considered for different operation mode, 
· Bitmap of valid DL and UL subframe to replace UL/DL configuration, for standalone
· UL/DL configuration indication for guard-band and in-band,
· FFS: indication with MIB or with SIB1-NB

Proposal #3: For LTE inband and guardband deployment, LTE special subframe configuration can be reused for TDD NB-IoT UE. FFS if special subframe can be used for uplink and downlink transmission for TDD NB-IoT. For standalone mode, there is no need to configure a special subframe. 

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. FFS if larger scheduling delay is needed for 2 HARQ processes.
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