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1 Introduction
In RAN #77 meeting, revised WID RP-172063 on Further NB-IoT enhancements was adopted [1]. One of the objectives is to support for TDD.
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 addition to the baseline, support the following:

· Based on Rel-14 FDD designs:

· OTDOA positioning using Rel-14 NPRS RE patterns and sequences. Subframe configurations Part A and Part B shall be used with necessary amendments, if any.

· Non-anchor carrier operation for paging and random access

· UE category NB2, with the same TBS table as FDD, and support for 1 and 2 UL/DL HARQ processes. The support of 2 UL/DL HARQ processes by UE is an optional capability available to Cat NB2, i.e. same way as FDD.

· Non-anchor carrier operation for system information (MIB-NB and any SIB-NB) can be considered.

· Specify band specific requirements for band 41

In RAN #90 meeting, the following agreements were achieved for common aspects [2].
· MCL target of 164 dB at an ‘application layer’ data rate of 160 bps is targeted for at least one UL:DL configuration (FFS which one or more than one).

· NOTE: The at least one UL:DL configuration may or may not be different for UL MCL target than DL MCL target

· For evaluations, the FDD numbers of repetitions for physical channels are assumed 

· FFS the noise figure (eNB and UE) which will be assumed

· The 2.6 GHz TDD band is prioritized for evaluations

· This does not imply that 164 dB MCL or ‘application layer’ data rate targets will be relaxed

· Targets of latency, and capacity may be relaxed for TDD NB-IoT.

· 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

· For DL: subcarrier spacing, CP length, symbol length, subframe length, and radio frame length are the same in TDD as FDD

In this contribution, we discuss the detailed design on common aspects to support for TDD NB-IoT.
2 Considerations on frame configuration for TDD
For single anchor carrier deployment case, all the common channels (including NPSS/NSSS, MIB-NB, SIB1-NB, and SI messages), and downlink control and traffic (including Paging and RAR messages) only can be transmitted in anchor carrier. To ensure the acceptable system information acquisition latency, enough downlink subframes should be used for common channel transmission. In this case, the subframes which can be used for downlink control and traffic transmission are very limited, thus downlink control and traffic transmission on anchor carrier would be seriously blocked, especially for TDD UL/DL configuration 0. In order to mitigate the above blocking issue, TDD UL/DL configuration 0 should not be supported for single anchor carrier deployment.
For non-anchor carrier available case, some common channels (e.g., MIB-NB/SIB1-NB/SI messages), and downlink control and traffic can be transmitted on non-anchor carriers. In this case, the blocking issue of downlink control and traffic scheduling caused by common channels can be mitigated. So there is no need to restrict TDD uplink-downlink configurations for non-anchor carrier available case.
Observation 1: For TDD NB-IoT, when only single anchor carrier is deployed, downlink control and traffic scheduling would be seriously blocked for TDD uplink-downlink configuration 0.
Proposal 1: For TDD NB-IoT, TDD uplink-downlink configuration 0 is not supported for single anchor carrier deployment.
For TDD uplink-downlink configuration 5, uplink traffic may be blocked since there is only one uplink subframe within 10 ms downlink-to-uplink switch-point periodicity. Considering that uplink transmission is the key use case of NB-IoT system, uplink-downlink configuration 5 is not supported for TDD NB-IoT.
Observation 2:  For TDD uplink-downlink configuration 5, uplink traffic may be blocked.
Proposal 2: TDD uplink-downlink configuration 5 is not supported for TDD NB-IoT.
For different special subframe configurations, the OFDM symbols available for downlink transmission are different. The NB-IoT UEs don’t know the special subframe configuration before decoding SIB1-NB. It may be feasible to take special subframe configuration with minimum downlink OFDM symbols as default configuration if common channels are transmitted on special subframe. However, minimum number of downlink OFDM symbols in a special subframe is 3 and the first two symbols should be reserved for legacy PDCCH for in-band operation mode. In this case, special subframe is not appropriate for NPSS/NSSS/NPBCH/SIB1-NB transmission. Based on the assumption that latency requirement can be relaxed for TDD NB-IoT, it would not have significant impact if NPSS/NSSS/ NPBCH/SIB1-NB transmission is not allowed in special subframes. After the UE acquiring SIB1-NB, special subframes may be used for other downlink transmission except for NPSS/NSSS/NPBCH/SIB1-NB.
Proposal 3: Special subframe is not used for NPSS/NSSS/NPBCH/SIB1-NB transmission. 
For Guard band operation mode, TDD configuration of guard band should be aligned with that of in-band region to avoid downlink and uplink interference. So, the uplink-downlink configuration and special subframe configuration of guard band and in-band should be the same for TDD NB-IoT.  
Proposal 4: For TDD NB-IoT, TDD uplink-downlink configurations and special subframe configurations of in-band operation mode are reused for guard band operation mode.
For standalone operation mode, independent design is feasible. However, from the perspective of simple/common design, reusing TDD uplink-downlink configurations and special subframe configurations of in-band/guard band operation mode should be considered as high priority. Further optimization can be studied according to the use cases for standalone operation mode. For example, in order to increase the number of downlink and/or uplink subframes, new special subframe configurations (e.g., DwPTS + GP and/or GP + UpPTS) can be considered. 
Proposal 5: For standalone operation mode, reusing TDD uplink-downlink configurations and special subframe configurations of in-band operation mode is baseline. 
· FFS on further optimization
3 Impact on HARQ timing for TDD
In Rel-13 NB-IoT, the NPDSCH/NPUSCH scheduling timing is indicated dynamically by DCI. For example, if the ending subframe of NPDCCH is in subframe n, the UE will start to transmit NPUSCH after subframe n+k0, where k0 is indicated by DCI with the following values shown in Table 1.
Table 1: scheduling delay of NPUSCH
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Dynamic scheduling is beneficial for search space sharing and reducing resource fragment. For HARQ timing in TDD NB-IoT, it is preferable to reuse dynamic scheduling in FDD NB-IoT. However, as discussed in [3], if HARQ timing in FDD NB-IoT is directly reused for TDD, the subframe for NPUSCH transmission may be DL subframe or vice versa. Regarding HARQ-ACK feedback, the issue that multiple HARQ-ACKs locate in the same UL subframe also needs to be considered.
Resource allocation of NPUSCH is based on resource unit (RU). For TDD NB-IoT, if RU definition in FDD NB-IoT is reused, the specific RU layouts are different for different starting subframe index and number of subcarriers of the RU as shown in Figure 1.
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Figure 1 Example of specific RU layouts for different TDD configurations
For TDD NB-IoT, HARQ timing based on scheduling unit of N subframes can be considered, where N is 5 ms or 10 ms or determined according to TDD UL/DL configuration. As shown in Figure 2, if ending subframe of NPDCCH is in scheduling unit #N, if the scheduling delay is 6, NPUSCH will be transmitted in mth uplink subframe of scheduling unit #(N+6), where m can be a fixed value or indicated by DCI. For example, flexibility of starting subframe can be guaranteed if m is indicated by DCI for 12-tone RU. For other tones, NPUSCH can be transmitted in the first uplink subframe of a scheduling unit. 
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Figure 2 HARQ timing based on scheduling unit of N subframes
Proposal 6: Dynamic HARQ timing is supported for TDD NB-IoT. 
· HARQ timing based on scheduling unit of N subframes can be considered.
4 Conclusions
In this contribution, we have discussed the common aspects to support TDD NB-IoT. We make the following observations and proposals:
Observation 1: For TDD NB-IoT, when only single anchor carrier is deployed, downlink control and traffic scheduling would be seriously blocked for TDD uplink-downlink configuration 0.
Observation 2:  For TDD uplink-downlink configuration 5, uplink traffic may be blocked.
Proposal 1: For TDD NB-IoT, TDD configuration 0 is not supported for single anchor carrier deployment.
Proposal 2: TDD uplink-downlink configuration 5 is not supported for TDD NB-IoT.
Proposal 3: Special subframe is not used for NPSS/NSSS/NPBCH/SIB1-NB transmission. 
Proposal 4: For TDD NB-IoT, TDD uplink-downlink configurations and special subframe configurations of in-band operation mode are reused for guard band operation mode.
Proposal 5: For standalone operation mode, reusing TDD uplink-downlink configurations and special subframe configurations of in-band operation mode is baseline. 
· FFS on further optimization
Proposal 6: Dynamic HARQ timing is supported for TDD NB-IoT. 
· HARQ timing based on scheduling unit of N subframes can be considered.
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