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Introduction
[bookmark: _Ref421460494]In RAN #75 meeting, a Rel-15 new WID [1] on further NB-IoT enhancements was agreed, including:
Support for TDD [RAN1, RAN2, RAN4]

Specify TDD support for in-band, guard-band, and standalone operation modes of NB-IoT. The design shall assume no UL compensation gaps are needed by UE, and strive towards a common design among the deployment modes. 
· Relaxations of MCL and/or latency and/or capacity targets to be considered by RAN1.
· Baseline is to support the same features as Rel-13 NB-IoT, additionally considering small-cells scenarios
In this contribution, TDD configurations including UL/DL configuration and special subframe configuration are discussed. 
UL/DL Configuration 
In Rel-13, FDD NB-IoT was specified, which supported HD-FDD UE with 200kHz RF bandwidth. FDD NB-IoT has three operation modes: LTE in-band mode, LTE guard-band 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. 
Proposal # 1: LTE in-band mode, LTE guard-band mode and standalone mode are supported by NB-IoT TDD. 
In order to avoid UL/DL interference, for LTE in-band and guard-band mode, NB-IoT shall be able to support LTE UL/DL configuration. However, for some UL/DL configurations, the number of DL subframe is too small to convey NPSS/NSSS and MIB [2]. 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. 
In addition, as mentioned above, two carriers can be aggregated to support TDD system to provide a comparable performance as FDD system. Especially for some UL/DL configuration with less DL subframe, SIB 1 can transmit in non-anchor carrier, as well as other SIBs. Details analysis and design can be found in our accompanying contribution [2]. 
Proposal #2: UL/DL configuration #0 is not supported by TDD NB-IoT.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal #3: SIB 1 can be transmitted on non-anchor carrier.
The special subframe is design in LTE TDD system to give enough guard time for 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 configurations for standalone mode can be considered. For example, using bitmap to configure valid DL and UL subframe 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.  
Proposal #4: Bitmap of valid DL and UL subframe can be considered to replace UL/DL configuration for standalone.
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 in-band and guard-band 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. If for in-band or guard-band deployment, if the special subframe can be used for other purpose, e.g., to serve other LTE UEs, the special subframe in LTE system can be configured as invalid subframe.  For standalone mode, with bitmap to indicate valid UL or DL subframe, there is no need to configure a special subframe. 
Proposal #5: For LTE in-band and guard-band deployment, LTE special subframe configuration can be reused for TDD NB-IoT UE. For standalone mode, there is no need to configure a special subframe. 
In order to improve the spectral efficiency, special subframe can be used for uplink or downlink transmission. For example, eMTC will monitor MPDCCH in mode A in special subframe with configuration 3, 4, 8 with 11 or 12 symbols.  For in-band deployment, NB-IoT can also monitor NPDCCH in special subframe with configuration 3, 4, 8. For guard-band and standalone deployment, since first three symbols can transmit NB-IoT downlink channel, more configurations can be considered to monitor for NPDCCH, e.g., configuration 1, 2, 6 with 9 or 10 symbols. Alternatively, valid DL subframe configuration can also indicate if special subframe will be used for DL transmission. If special subframe is configured as valid DL subframe, UE expect DL transmission on that subframe and shall monitor NPDCCH in special subframe. If special subframe is configured as invalid DL subframe, then no matter which special subframe configuration, UE will not monitor NPDCCH on special subframe.  
In UpPTS in special subframe, the number of uplink symbols are small, i.e., 1, 3, 5, or 2, 4, 6. For in-band, UpPTS can be used for SRS transmission, especially when there is only one symbol in UpPTS. Moreover, in [3], it is proposed to using UpPTS in special subframe and one UL subframe to transmit NPRACH. Therefore, there is no strong desire to transmit uplink data on UpPTS. For the configuration with 5 or 6 symbols in UpPTS, NPUSCH format 1 can be considered to transmit on UpPTS.
For NPUSCH format 2, the length of RU is 2ms for 15kHz subcarrier spacing. For some UL/DL configuration, the continuous of uplink is one special subframe and one uplink. If UpPTS is not allowed to transmit UCI, the HARQ RTT will be much longer in these configurations. It may impact on the data rate for UE in good coverage. On the other hand, as discussed above, in some special subframe configuration, there is only one symbol in UpPTS and used for SRS for LTE in-band. Therefore, UCI can be transmitted on UpPTS with 5 or 6 symbols in UpPTS or based on RRC configuration. 
Proposal #6: NPUSCH format 1 and NPUSCH format 2 can be scheduled to transmit on UpPTS with 5 or 6 symbols. 
Conclusion
In this paper, the TDD configurations for NB-IoT were discussed and we proposed:
Proposal # 1: LTE inband mode, LTE guardband mode and standalone mode are supported by NB-IoT TDD. 
Proposal # 2: UL/DL configuration 0 is not supported by TDD NB-IoT.
Proposal #3: SIB 1 can be transmitted on non-anchor carrier.
Proposal #4: Bitmap of valid DL and UL subframe can be considered to replace UL/DL configuration for standalone.
Proposal #5: For LTE in-band and guard-band deployment, LTE special subframe configuration can be reused for TDD NB-IoT UE. For standalone mode, there is no need to configure a special subframe. 
[bookmark: _GoBack]Proposal #6: NPUSCH format 1 and NPUSCH format 2 can be scheduled to transmit on UpPTS with 5 or 6 symbols. 
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