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Introduction
This Tdoc is a revision of R1-1712814 [2].
In RAN1#90 meeting, the downlink aspects of NB-IoT TDD were discussed. The following agreements were reached [1]. 
Agreements:
· 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
· The transmission of SIB1-NB is FFS between:
· Always on the same NB-IoT carrier as NPSS/NSSS
· Always on a different NB-IoT carrier as NPSS/NSSS
· Can be on a different NB-IoT carrier as NPSS/NSSS
· Other SIBs than SIB1-NB can be transmitted on non-anchor carrier

In this contribution, we further discuss the DL design aspects of TDD NB-IoT, such as sync signals and NPBCH/NPDSCH.
Discussion 
NPSS/NSSS
According to last meeting agreement NPSS and NSSS for NB-IoT TDD are transmitted on the same NB-IoT carrier. One of the remaining issues is the subframe mapping for NPSS and 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 in all 7 TDD UL/DL configurations. Additionally, it is preferable to have a different subframe mapping for NPSS and NSS in order to differentiate between FDD and TDD as LTE. Therefore, NPSS/NSSS design for TDD needs to consider the supported TDD UL/DL configurations as well as differentiation of FDD and TDD.
If the periodicity of NPSS and NSSS is kept same as FDD, NPSS and NSSS can be transmitted on two DL subframes, i.e., SF0 and SF5 which are common DL for all the 7 TDD UL/DL configurations. Simply speaking, NPSS is sent on SF5 of every frame and NSSS is sent on SF0 of every even-numbered radio frames. The benefit of this design is to reuse FDD design as much as possible except for different subframe mapping for NSSS. It is expected that the impact on implementation complexity is minimal. Another benefit for having the unified NPSS/NSSS design for all the TDD UL/DL configurations is to reduce the synchronization acquisition time due to no need for hypothesis testing of different TDD UL/DL configurations.
As discussed in [2], another option is to time domain multiplexed of NPSS and NSSS in the same subframe, e.g., SF0, by increasing the periodicity of NPSS to 20ms. However, this is not preferred due to the potential increased acquisition time. And the eNB may need to apply higher power boost values for NPSS to compensate the possible coverage loss.   
Observation 1: A TDD UL/DL configuration dependent NPSS/NSSS design will increase the search complexity and prolong the acquisition time.
Proposal 1: For TDD NB-IoT, NPSS is sent on SF5 of every frame and NSSS is sent on SF0 of every even-numbered frames.
For sequence design, we prefer to use the same sequence as FDD. The working assumption on NPSS cover code made in last meeting can be confirmed. Furthermore, the same short ZC sequence on the frequency domain can be reused for TDD. For NSSS, there were proposals to use different sequences to differentiate FDD and TDD. In our view, this is not needed since the differentiation of FDD and TDD can be done by different subframe mapping. Further differentiation via sequence design is not necessary. Therefore, we propose to use the same NPSS/NSSS sequence for NB-IoT TDD. 
[bookmark: _GoBack]Proposal 2: The same NPSS/NSSS sequence of FDD is reused for TDD.
NPBCH
For NPBCH, the question is to transmit on the same NB-IoT carrier as NPSS/NSSS or on a different carrier. If NB-IoT TDD supports all the 7 TDD UL/DL configurations it is not possible to accommodate NPBCH on the same anchor carrier as NPSS/NSSS. As discussed in [2], NPBCH can be transmitted on a paired carrier in such case. The location for the paired carrier can be determined from the NPSS/NSSS carrier with a fixed offset or implicitly based on the cell ID so it is known to UE after detecting NPSS/NSSS. Using the paired RB/carrier for NPBCH is possible for in-band/guard operation but not for standalone operation for which there is only one anchor carrier. 
It is possible to increase the periodicity of NPBCH, e.g., sending NPBCH on every alternate radio frame instead of every frame. In such case, it is possible to multiplex NPBCH and NSSS on the same subframe but at different radio frame. Note that, in such case the number of repetitions for NPBCH is reduced to 4 in each 80ms transmission duration resulting in a 3dB coverage loss. This may be compensated by additional power boosting. Further evaluations are needed to know the performance impact.
Observation 2: NPBCH design for NB-IoT TDD is highly dependent on whether to support UL/DL configuration 0.
Proposal 3: The following two options can be considered for NBCH design in TDD NB-IoT:
· Option 1: If TDD UL/DL configuration 0 is supported, NPBCH is sent on a paired NB-IoT carrier as the NPSS/NSSS carrier. 
· Option 2: If TDD UL/DL configuration 0 is not supported, NPBCH is sent on the same anchor carrier as NPSS/NSSS, e.g., SF9 of every radio frame.

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. Therefore, SIB1 may be on a different carrier as NPSS/NSSS. It is also possible to transmit the SIB1 on the same carrier as NPSS/NSSS if the current TDD UL/DL configurations have more DL subframes as for standalone deployment. Therefore, the carrier information for SIB1 transmission is highly dependent on the number of carriers and the used TDD UL/DL configurations for NB-IoT. In such case, the MIB on NPBCH can contain the indication of the SIB1 carrier information, such as 1-bit to indicate using the same or different (e.g., paired) NB-IoT carrier as NPSS/NSSS carrier. 
Proposal 4: The SIB1-NB can be transmitted on the same or different NB-IoT carrier as NPSS/NSSS according to the 1-bit carrier indicator information in MIB
Same as LTE, the TDD UL/DL configuration and special subframe configuration information can be conveyed by the 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.
[image: ]
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 observations and proposals:
Observation 1: A TDD UL/DL configuration dependent NPSS/NSSS design will increase the search complexity and prolong the acquisition time.
Observation 2: NPBCH design for NB-IoT TDD is highly dependent on whether to support UL/DL configuration 0.

Proposal 1: For TDD NB-IoT, NPSS is sent on SF5 of every frame and NSSS is sent on SF0 of every even-numbered frames.
Proposal 2: The same NPSS/NSSS sequence of FDD is reused for TDD.
Proposal 3: The following two options can be considered for NBCH design in TDD NB-IoT:
· Option 1: If TDD UL/DL configuration 0 is supported, NPBCH is sent on a paired NB-IoT carrier as the NPSS/NSSS carrier. 
· Option 2: If TDD UL/DL configuration 0 is not supported, NPBCH is sent on the same anchor carrier as NPSS/NSSS, e.g., SF9 of every radio frame.
Proposal 4: The SIB1-NB can be transmitted on the same or different NB-IoT carrier as NPSS/NSSS according to the 1-bit carrier indicator information in MIB
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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