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1 Introduction
During RAN #76 meeting, “New WI proposal: Further NB-IoT enhancements” was approved [1]. One objectives of this work item is to specify TDD support for in-band, guard-band, and standalone operation modes of NB-IoT as follow:
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, 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 [3], at least inband and guard band TDD NB-IoT use the same UL/DL configuration as the LTE TDD carrier to minimize the interference between LTE and NB-IoT. For TDD downlink design, it is reasonable to reuse the FDD design as much as possible, especially the synchronization signal/sequence design and NB-PBCH/NB-SIB design principal. For FDD, NB-PSS/SSS/PBCH/SIB1 is transmitted in subframe #0#4#5#9 of anchor carrier in R.13 as shown in Figure 1. The period of above channel/signal for FDD NBIoT is: 

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

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

· NB-PBCH 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
Based on the above NBIoT FDD frame structure, TDD NB-PSS/SSS/PBCH/SIB1 can transmit in subframe #0, #5, #1 and #6 (non-MBSFN subframe) as shown in Figure 2. Several considerations were given to the design of TDD NB-PSS/SSS/PBCH/SIB1: 
· To use only subframe #0 and # 5 is not compatible with FDD NB-PSS/NB-SSS/NB-PBCH periodicity (10ms, 20ms, 10ms) unless the requirement of initial access is relaxed.

· It is not necessary to relax requirement of initial access and increase period of NB-PSS/NB-SSS/NB-PBCH if one or two of above channels are transmitted in subframe #1 and #6 (always special subframe, downlink sometimes).

· It is hard to design NB-PSS/NB-SSS in special subframe due to unknown length of DwPTS or normal DL, and it will increase the UE complexity if two SYNC(s) are supported for TDD and FDD separately.

· It is preferable to design the NB-PBCH/NB-SIB1 in subframe #1 or/and #6, because NB-PBCH or NB-SIB1 can be rate-matched according to the length of DL OFDM, which is easy to design in RAN1 aspect. 

· When NB-PSS is transmitted in subframe #0 with the period of 10ms, and NB-SSS is transmitted in subframe #5 with the period of 20ms, the SYNC signal sequence is the same as FDD. The differentiation of TDD and FDD mode is the relative position of NB-PSS and NB-SSS for FDD and TDD.
· NB-PBCH is transmitted in subframe #1 and/or subframe #6, the length of NB-PBCH is dependent on the length of DwPTS or using the default minimal DwPTS length (9 symbols) in subframe 1 and/or subframe #6, assuming the DwPTS is no less than 9 symbols.
· NB-SIB1 is transmitted in subframe #5 with the shortest interval of 20ms, which has almost the same period and design principal with NB-SIB1 FDD.
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Figure 2 NBIOT TDD DL frame structure solution
Proposal 1: For TDD downlink design, it is reasonable to reuse the FDD design as much as possible, especially synchronization signal/sequence design and NB-PBCH/NB-SIB design principal.
Proposal 2: NB-PSS/SSS/PBCH/SIB1 can be transmitted in subframe #0, #1, #5, #6 because these subframes are always available for downlink and non-MBSFN subframe for TDD.
3 NB-PBCH TDD design
We proposed in our companion contribution [3] that the special subframe configurations with more symbols in DwPTS need to be supported, such as special subframe configurations except for #0, #5, #9 of normal CP. NB-PBCH is transmitted in subframe #1 and/or subframe #6, the length of NB-PBCH depends on the length of DwPTS or using the default minimal DwPTS length (9 symbols). Similar to FDD NB-PBCH, the coded MIB-NB is split into 8 blocks. The first block is transmitted on the first subframe (SF1) and repeated in SF1 of the next 7 consecutive radio frames, respectively. In SF1 of the following radio frame, the same procedure is done for BL2. This process is repeated until the whole MIB-NB is transmitted. (SF6 is another potential subframe for NB-PBCH) as shown Figure 3. 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. 
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Figure 3 NB-PBCH transmission illustration
Proposal 3: NB-PBCH is transmitted in subframe #1 and/or subframe #6, the length of NB-PBCH is depended on the length of DwPTS or using the default minimal DwPTS length (9 symbols).
4 Conclusions
In this contribution, considerations of downlink aspect for TDD support are provided. The following proposals are given.
Proposal 1: For TDD downlink design, it is reasonable to reuse the FDD design as much as possible, especially synchronization signal/sequence design and NB-PBCH/NB-SIB design principal.
Proposal 2: NB-PSS/SSS/PBCH/SIB1 can be transmitted in subframe #0, #1, #5, #6 because these subframes are always for downlink and non-MBSFN subframe for TDD.
Proposal 3: NB-PBCH is transmitted in subframe #1 and/or subframe #6, the length of NB-PBCH is depended on the length of DwPTS or using the default minimal DwPTS length (9 symbols).
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