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Introduction
In RAN1#76 meeting, the support of NB-IoT TDD was approved and the latest WID of feNB-IoT in [1] defines the work scope which says the baseline design for NB-IoT TDD is Rel-13: 
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, we discuss the DL design aspects of TDD NB-IoT, such as sync signal and NPBCH/NPDSCH.
Discussion 
NPSS/NSSS
In FDD, NPSS is sent on SF5 every radio frame and NSSS is on SF9 every alternate frame. However, SF9 is not always DL subframe if all TDD UL/DL configurations are supported for NB-IoT TDD. Therefore, NPSS/NSSS design for TDD may need to consider the supported TDD UL/DL configurations. A simple extension from FDD design may not work.
There could be two alternatives. One is to transmit NPSS/NSSS on the common DL subframes for all the UL/DL configurations, such as SF0 or SF5 to achieve a unified design. The second option is to have a configuration dependent design. For example, for UL/DL configurations except for configuration 0, the FDD NPSS/NSSS subframe mapping can be reused. A new subframe mapping of NPSS/NSSS is used only for TDD UL/DL configuration 0. However, this option may increase UE search complexity since the TDD UL/DL configuration information is not known by UE. Therefore, we prefer to have a unified NPSS/NSSS design for all the TDD UL/DL configurations.
We propose that NPSS/NSSS are sent on one of SF0 or SF5 since they are guaranteed to be DL subframes in all the TDD configurations. It is noted that the subframe location is different from FDD. Here we assume that UE can know the duplex mode before searching, such as according to the carrier band so there is no increase on search complexity, e.g., no hypothesis on FDD/TDD during the search.
If NPSS is sent on every frame same as FDD then two DL subframes are required for NPSS/NSSS. If NPBCH and broadcast NPDSCH are also sent on common DL subframes then they shall be on a different RB/carrier than NPSS/NSSS. Another option is to transmit NPSS on alternate radio frame to allow NPSS/NSSS TDM on the same DL subframe. However, the second option would increase the search complexity and prolong the acquisition time due to the increased NPSS periodicity. In addition, the eNB may need to use the higher power boosting value for NPSS to compensate the coverage loss.
Proposal 1: For TDD NB-IoT, a unified NPSS/NSSS design shall be supported for all the UL/DL configurations.  At least two options for the time domain location and periodicity can be considered:
· Option 1: NPSS is sent on SF5 of every frame and NSSS is sent on SF0 of every even-numbered frames
· Option 2: NPSS is sent on SF5 of every odd-numbered frame and NSSS is sent on SF5 of every even-numbered frame
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Figure 1: NPSS/NSSS time domain location by Option 1
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Figure 2: NPSS/NSSS time domain location by Option 2

For sequence design, the same sequence as FDD can be reused at least for NPSS to minimize the specification efforts. Alternatively, the NSSS sequence can convey additional information such as TDD UL/DL configurations or TDD/FDD mode information. Different sequences for NSSS can be obtained by either changing the zadaff-chu sequence or the cover code. However, different NSSS sequence would add to UE complexity. Since NSSS is used by UE to determine cell ID and 20ms frame boundary, a new sequence for conveying extra information may increase the detection error probability if the periodicity is not increased. 
Proposal 2: Use the same NPSS/NSSS sequence for FDD and TDD
NPBCH
In FDD, NPBCH is sent on SF0 of every radio frame on the same carrier as NPSS/NSSS. For TDD due to the limited number of DL subframes, the time and frequency domain location of the NPBCH could be different from that of FDD. For example, for TDD UL/DL configuration 0, only SF0 and SF5 are DL subframes. If both of them are used for NPSS/NSSS then NPBCH cannot be transmitted unless on a different RB/carrier. 
It is possible to send NPBCH on every alternate radio frame on SF0 to accommodate NSSS for example when option 1 is used for NPSS/NSSS. But in such case, the number of repetition is reduced to 4 in each block of 80ms periodicity resulting in a 3dB coverage loss.
If we want to keep the same number of repetition in each 80ms block then NPBCH can be sent on a different RB/carrier as that used for NPSS/NSSS. The location of the NPBCH RB/carrier can be implicitly determined from the location of the RB/carrier for NPSS/NSSS, e.g., the next one or the previous one or by a fixed offset. In such case, it is different form FDD that NPBCH can be transmitted on the same subframe as NPSS/NSSS for TDD NB-IoT. 
Proposal 3: Two options can be considered for NBCH design in TDD NB-IoT:
· Option 1: NPBCH is sent on every alternate radio frame, such as on SF0 of every odd-numbered frame on the same carrier as NPSS/NSSS
· Option 2: NPBCH is sent on SF0 of every radio frame but on a different RB/carrier as that of NPSS/NSSS

SIBx
In FDD, SIB1-NB is sent on SF4 of every other frame in 16 consecutive frames with a fixed scheduling periodicity of 2560ms. The starting radio frame for the first transmission is indicated by NPBCH. For TDD, since SF4 may not be guaranteed to be a DL subframe for all the TDD configurations, the subframe for SIB1 for TDD NB-IoT can be different from FDD.
If we assume that UE does not know TDD configuration information before decoding SIB1, it is desirable that the SIB1 subframe can be on a common DL subframe so that UE does not need to hypothesize TDD configurations for SIB1 decoding. In such way, SIB1 may be on the different carrier as NPSS/NSSS, and on the same or different carrier as NPBCH dependent on whether NPBCH is on the same carrier as NPSS/NSSS. It is preferable that SIB1 is transmitted on the same carrier as NPBCH on one of SF0 or SF 5. It is also possible that NPBCH payload can contain the information about the carrier of SIB1, such as 1-bit to indicate to use the NPSS/NSSS carrier or NPBCH carrier for SIB1-NB transmission. 
Proposal 4: SIB1 can be transmitted on the same carrier as NPBCH. FFS to indicate the SIB1 carrier information using NPBCH for scheduling flexibility
Same as LTE, the TDD UL/DL configuration and special subframe configuration information can be conveyed by SIB1-NB. The SI message can be transmitted on subframes other than SF0 or SF5 according to the TDD UL/DL configuration. The SI message can be transmitted on the same or different carrier as NPBCH/NPSS/NSSS. More specially,  SIB1-BR will configure not only the detailed time domain but also frequency domain scheduling information for other SIB messages. 
Proposal 5: SI message can be transmitted on the same or different carrier as NPBCH/NPSS/NSSS according to the scheduling information in SIB1-BR
NPDCCH/NPDSCH
For NPDCCH/NPDSCH of TDD NB-IoT, we can adopt FDD design as much as possible. Due to the limited number of DL subframes for some TDD UL/DL configurations, the NPDCCH/NPDSCH may be transmitted on the non-anchor carrier also for broadcast transmission. Another key difference for TDD NB-IoT is whether to support NPDCCH/NPDSCH in the special subframe. At least for DwPTS with more than 3 OFDM symbols we think NPDCCH/NPDSCH can be presented on special subframe.
To support NPDCCH/NPDSCH in DwPTS, a new NRS pattern may need to be defined. Currently, NRS is transmitted on last two OFDM symbols in each slot as shown in Figure 3. For DwPTS with 9, 10, 11 or 12 OFDM symbols, the last two OFDM symbols in the second slot of the subframe is punctured for GP and UpPTS.  Therefore, the NRS in SSF can be based on the existing pattern by puncturing the last two NRS symbols. If a new NRS pattern is needed then a shift pattern as shown in Figure 4 can be considered for which NRS is mapped to the 3rd and 4th OFDM symbols of each slot.
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Figure 3: NRS mapping in normal DL subframe
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Figure 4: Shifted NRS pattern in special DL subframe
Proposal 6: NPDCCH/NPDSCH may be present in some special subframes if the number of OFDM symbols is greater than 3. FFS on NRS pattern in SSF
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In this contribution, we discussed the DL design aspects of NB-IoT. We made the following proposal:
Proposal 1: For TDD NB-IoT, a unified NPSS/NSSS design shall be supported for all the UL/DL configurations.  At least two options for the time domain location and periodicity can be considered:
· Option 1: NPSS is sent on SF5 of every frame and NSSS is sent on SF0 of every even-numbered frames
· Option 2: NPSS is sent on SF5 of every odd-numbered frame and NSSS is sent on SF5 of every even-numbered frame
Proposal 2: Use the same NPSS/NSSS sequence for FDD and TDD
Proposal 3: Two options can be considered for NBCH design in TDD NB-IoT:
· Option 1: NPBCH is sent on every alternate radio frame, such as on SF0 of every odd-numbered frame on the same carrier as NPSS/NSSS
· Option 2: NPBCH is sent on SF0 of every radio frame but on a different RB/carrier as that of NPSS/NSSS
Proposal 4: SIB1 can be transmitted on the same carrier as NPBCH. FFS to indicate the SIB1 carrier information using NPBCH for scheduling flexibility
Proposal 5: SI message can be transmitted on the same or different carrier as NPBCH/NPSS/NSSS according to the scheduling information in SIB1-BR
Proposal 6: NPDCCH/NPDSCH may be present in some special subframes if the number of OFDM symbols is greater than 3. FFS on NRS pattern in SSF
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