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1 Introduction
In the RAN1#90, the following agreement is achieved for TDD downlink aspect for R.15 NBIoT to support work item objective of specifying TDD support for in-band, guard-band, and standalone operation modes of NB-IoT:

Agreements:

· We will position NPSS and NSSS and NPBCH in subframes from among the set: {0, 4, 5, 8, 9} – FFS which precise subframes.

· If NPSS and NSSS are the same as FDD:

· The combination of {NPSS in subframe #5 and NSSS in subframe #9} is a precluded option.

· Subframes 0 and 5 will certainly be used
Agreements:

· NPSS uses

· The last 11 OFDM symbols in one subframe

· As a working assumption: the lower 11 subcarriers in one subframe

· As a working assumption: the same cover code as in FDD

· The design shall be decodable within the same signal processing effort as the design used for FDD

· RAN1 intends to prefer NPSS designs for TDD with the smallest practicable impact to FDD NB-IoT UEs’ initial cell acquisition
Agreements:
· 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, detailed consideration of downlink aspect for TDD support is presented. The main design principal is compatibility with FDD and less standardalization effort.
2 NBIoT TDD Downlink Design
As agreed in the WID, three operation modes shall be supported for TDD NB-IoT, standalone, guard band operation and inband operation. As analysis in our companion contribution [2], it is preferred that inband and guard band has the same TDD UL/DL configuration as the LTE TDD carrier to minimize the interference, while standalone has some dynamic TDD UL/DL configurations suitable to the NBIoT DL and UL features (e.g. 3.75KHz PUSCH with 2ms NB-Slot resource unit constraint, only one switching point in 10ms radio frame, etc). For TDD downlink design, it is reasonable to reuse the FDD design as much as possible, especially the synchronization signal/sequence design and NPBCH/NB-SIB design principal. 
For NBIoT FDD, common channels/signals (including NPSS/NSSS/NPBCH/NB-SIB1) are transmitted in subframe #0#4#5#9 of anchor carrier as shown in Figure 1, while PDCCH and PDSCH can be transmitted in anchor/non-anchor carriers configured by high layer signaling. The period of above common channel/signal for FDD NBIoT is: 

· NPSS is transmitted in every 10ms in subframe #5( occupying 11 OFDM symbols / 1PRB 

· NSSS is transmitted in every 20ms in subframe #9 ( occupying 11 OFDM symbols / 1PRB 

· NPBCH is transmitted in every 10ms in subframe #0 ( occupying 11 OFDM symbols / 1PRB 

· NB-SIB1 is transmitted in every 20ms(at most) in subframe #4 ( occupying 11 OFDM symbols / 1PRB 
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Figure 1 NBIOT FDD DL frame structure
2.1 NPSS/NSSS/NPBCH
For TDD common channel/signal transmission, it is preferred that all common channel/signal should be transmitted in anchor carrier in at least one TDD configuration considering the operator network deployment. However, for some TDD UL/DL configuration, it is hard to transit all the common channel/signal in the anchor carrier if the period of these channels are not increased. Even those TDD UL/DL configurations with more than 3 DL subframes are not suitable to transmit all common channel/signals, because only subframes #0#1#5#6 are non-MBSFN subframe in LTE and can be used to transmit common channel/signals.
Therefore, it is necessary to reserve/predefine more carriers for some of TDD configurations, and the meaning of anchor carrier in NB-IoT TDD may be different than that of NB-IoT FDD. In FDD, all the common channel/signal are carried on the anchor carrier, while in TDD anchor carrier should be defined as the carrier that may not include all common channel/signal, e.g only contains NPSS and NSSS. 
For the NPBCH transmission, if NPBCH is transmitted in non-anchor carriers, it is necessary to implicitly indicate the non-anchor carrier position after NPSS/NSSS detection (e.g., neighboring carrier of the anchor carrier), which will reduce the flexibility of non-anchor carrier configuration and make all common channel/signal transmitted in different carriers for all TDD UL/DL configuration. So it is preferred NPBCH is also transmitted in anchor carriers.
Proposal 1: Anchor carrier in NB-IoT TDD should be defined as the carrier that contains NPSS, NSSS and NPBCH.
We propose that NPSS/NSSS are sent on subframe #0 and/or # 5 since they are DL subframes in all the TDD configurations. It is noted that the subframe location is different from FDD. Similar to legacy LTE, TDD NB-IoT and FDD NB-IoT system can be distinguished by the relative location of NPSS and NSSS. The interval between NPSS and NSSS is 4 subframes for FDD NB-IoT as shown in Figure 1 while the interval between NPSS and NSSS is 5 subframes for TDD NB-IoT as shown in Figure 2. Note the period of the NPSS and NSSS should be the same as that of FDD since the duplex mode is blindly detected from the relative position of the two. 
For sequence design, NPSS is used to acquire the coarse frequency and time synchronization to the system, while NSSS is used to determine cell ID and 20ms frame boundary. A new sequence for conveying extra information may increase the detection error probability and increase the UE detection complexity, so it is preferred to adopt the same sequence as FDD both NPSS and NSSS to minimize the specification efforts.
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Figure 2 NBIoT TDD NPSS/NSSS Structure
Proposal 2: Use the same NPSS/NSSS sequence for FDD and TDD.
In FDD, NPBCH is sent on subframe of every radio frame on the same carrier as NPSS/NSSS. In TDD, due to the limited number of DL subframes, the time location of the NPBCH could be different from that of FDD. It is possible to send NPBCH on every every radio frame on subframe#5. 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 achieve the similar performance of NPBCH as that of FDD, NPBCH can also be transmitted in special subframes if only those specific subframe configurations with long DwPTS are supported as analysis in our companion contribution [2]. For NPBCH transmission in special subframe, the length of NPBCH depends on the length of DwPTS or using a default minimal DwPTS length (9 symbols).
Similar to FDD NPBCH, the coded MIB-NB is split into 8 blocks. The first block is transmitted on the first subframe (subframe #5) and repeated in subframe #5 of the next 3 consecutive every other radio frames, respectively. In subframe #5 of radio frame after next, the same procedure is done for second block. This process is repeated until the whole MIB-NB is transmitted. Symbols are mapped around the NRS and the LTE CRS, where it is always assumed that two antenna ports are defined for NRS and 4 antenna ports for CRS.
For special subframe PBCH transmission, symbol repetition is preferred as eMTC. Symbols without CRS/NRS are repeated in symbols without CRS/NRS in a special subframe and symbols with CRS/NRS may be repeated in symbols with CRS/NRS in special subframe.
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Figure 3 NBIoT TDD NPBCH Structure

Proposal 3: NPBCH can be transmitted every other radio frame on SF5 and potentially transmitted special subframe.
2.2 SIBx
Currently in NB-IoT FDD system, SIB1-NB is sent on SF#4 in the radio frame where SIB1-NB period is scheduled in MIB. Because the number of available downlink subframe for some TDD configurations is limited, we can consider transmit NB-SIB1 on non-anchor carriers as well as non-MBSFN subframes of the anchor carrier. The time-frequency resource for NB-SIB1 should be determined by operation mode, TDD UL/DL configurations (potential) and so on, which can be indicated by MIB. For example, SIB-NB is transmitted in every other subframe #9 of anchor carrier, or every other subframe #0 in neighboring carrier of the anchor carrier as shown in Figure 4. In this design, eNB can configured the network that all of common channel/signal is transmitted in anchor carrier at least one TDD configuration. 
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Figure 4 NBIoT TDD SIB1 transmission indicated in MIB
Proposal 4: The time-frequency resource for NB-SIB1 should be determined by operation mode, TDD UL/DL configurations and so on, which can be indicated by MIB.

Same as LTE, the TDD UL/DL configuration and special subframe configuration information can be conveyed by MIB/SIB1-NB. The SI message except SIB1 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 non-anchor carrier to avoid the blocking of downlink control and traffic scheduling on anchor carrier at least for some TDD UL/DL configuration. More specially, NB-SIB1 will configure not only the detailed time domain but also frequency domain scheduling information for other SIB messages. 

Proposal 5: SI message except SIB1 can be transmitted on non-anchor carrier or some TDD UL/DL configuration according to the scheduling information in NB-SIB1.
2.3 NPDCCH/NPDSCH

It is preferred to reuse the FDD design as much as possible for TDD NPDCCH and PDSCH transmission. Due to the limited number of DL subframes for some TDD UL/DL configurations, the NPDCCH/NPDSCH may be transmitted on the non-anchor carriers as NB-SIB transmission configured by higher layer signalling.
Another issue 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 transmitted on special subframe. For NRS in special subframes of TDD NB-IoT, as shown in Figure 5, the OFDM symbols used for NRS are the shift pattern of the regular DL NRS as the same as those used for TDD LTE DL DMRS.
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Figure 5 Example of NRS pattern for special subframe
Proposal 6: NPDCCH/NPDSCH may be transmitted in special subframes if DwPTS is greater than 3 and OFDM symbols used for NRS are the shift pattern of the regular DL NRS.
3 Conclusions
In this contribution, considerations of downlink aspect for TDD support are provided. The following proposals are given.
Proposal 1: Anchor carrier in NB-IoT TDD should be defined as the carrier that contains NPSS, NSSS and NPBCH.
Proposal 2: Use the same NPSS/NSSS sequence for FDD and TDD.
Proposal 3: NPBCH can be transmitted every alternate radio frame on SF5 and/or special subframe.
Proposal 4: The time-frequency resource for NB-SIB1 should be determined by operation mode, TDD UL/DL configurations and so on, which can be indicated by MIB.

Proposal 5: SI message can be transmitted on non-anchor carrier at least for some TDD UL/DL configuration according to the scheduling information in NB-SIB1.

Proposal 6: NPDCCH/NPDSCH may be transmitted in special subframes if DwPTS is greater than 3 and OFDM symbols used for NRS are the shift pattern of the regular DL NRS.
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