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1 Introduction

The WID of further NB IoT enhancements was updated in RAN#76 [1], and one of the objectives is to support TDD in Rel-15 NB-IoT.
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 give some views on NPSS/NSSS/NPBCH/SIB1-NB transmission in TDD.
2 DL frame structure for TDD NB-IoT
According to the WID, in-band, guard-band, and standalone operation modes need to be supported for TDD NB-IoT. Taking into account the need to minimize the cost of UE implementations which support both TDD and FDD, it is clearly preferred that basic characteristics of DL frame structure as subcarrier spacing, cyclic prefix, symbol, slot, subframe, and radio frame are common for TDD and FDD NB-IoT.
Proposal 1: The basic characteristics of DL frame structure – subcarrier spacing, cyclic prefix, symbol, slot, subframe, and radio frame – are the same in TDD and FDD NB-IoT.
3 NPSS/NSSS/NPBCH/SIB1-NB transmission in TDD
To minimize the specification effort, the signal generation and scheduling of NPSS/NSSS/NPBCH/SIB1-NB in FDD are preferred to be reused for TDD. However, TDD has fewer downlink subframes than FDD per radio frame. For example, if UL-DL configuration 0 is used to deploy TDD NB-IoT, there are only two downlink subframes per radio frame. In this case, the placement of NPSS/NSSS/NBPCH/SIB1-NB requires discussion.
Generally, there are two kinds of options as follows, where UL-DL configuration #6 (DSUUUDSUUD) is assumed for further illustration:
Option 1: NPSS/NSSS/NPBCH/SIB1-NB are transmitted in a single PRB
· Option 1-1: NPSS/NSSS/NPBCH/SIB1-NB are transmitted with the same transmission periodicities as FDD occupying only normal (i.e. not special) subframes.
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Fig. 1 NPSS/NSSS/NPBCH/SIB1-NB transmission (option 1-1)
In option 1-1, NPSS and NPBCH are transmitted respectively in subframe #0 and #5, and NSSS and SIB1-NB are transmitted alternately in subframe #9.
With this option, most properties of NPSS/NSSS/NPBCH/SIB1-NB in Rel-13 are maintained for TDD NB-IoT and fewer specification efforts can be expected. Particularly, the signal generation can be reused without any changes. The required minimum bandwidth for TDD NB-IoT deployment is still 180 kHz. Due to the same transmission periodicities, the latency of synchronization and MIB-NB/SIB1-NB reception in TDD NB-IoT can be expected to be similar as in FDD NB-IoT. A potential drawback of this option is that the UL-DL configuration #0 cannot be supported for TDD NB-IoT.
· Option 1-2: NPSS/NSSS/NPBCH/SIB1-NB are transmitted with the same transmission periodicities as FDD occupying both normal and special subframes.
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Fig. 2 NPSS/NSSS/NPBCH/NSIB1 transmission (option 1-2)
In option 1-2, NPSS is transmitted in subframe#0, and NSSS and NSIB1 are transmitted alternately in subframe 5. For NPBCH, one TB is divided to be transmitted within subframe #1 and #6 of one radio frame assuming both are special subframes, which is different from that in Rel-13.
With this option, the latency for synchronization and MIB-NB/SIB1-NB reception will be similar as in FDD NB-IoT. Moreover, all of the UL-DL configurations can be supported to deploy NB-IoT. However, it should be noted this option requires the special subframe configurations with long DwPTS, otherwise the total of available REs are not enough to carry the TB of MIB-NB. In additional, for the 10ms DL-UL switch periodicity, subframe 6 is always reserved for downlink. In this case, there will be some REs left after RE mapping of NPBCH in subframe 6. Then more investigations are required on how or if to utilize these REs.
· Option 1-3: NPSS/NSSS/NPBCH/SIB1-NB are transmitted with longer periodicities.
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Fig. 3 NPSS/NSSS/NPBCH/SIB1-NB transmission (option 1-3)
In option 1-3, NPSS/NSSS/NPBCH/SIB1-NB are transmitted with 20ms periodicity, each of which occupies one subframe from the set of subframes #0 and #5 of two radio frames.
In this option, all UL-DL configurations can be supported and the existing signal generation can be re-used for TDD NB-IoT. However, the latency for downlink synchronization and MIB-NB/SIB1-NB reception and the processing complexity at the UE side will increase due to needing to buffer more channels during the transmission cycle.
Option 2: NPSS/NSSS/NPBCH/SIB1-NB are transmitted in paired PRBs

In option 2, a pair of PRBs can be used for NPSS/NSSS/NPBCH/SIB1-NB shown in Fig. 4. To camp on a cell, an NB-IoT UE will firstly synchronize with the cell by searching the NPSS/NSSS on the upper PRB, and then switch to the lower PRB to read the NPBCH/SIB1-NB. With this option, the latency and performance for synchronization and NMIB/NSIB1 reception for FDD NB-IoT can also be maintained for TDD NB-IoT. However, this option requires 360 kHz bandwidth for NB-IoT deployment, which is twice that required in options 1-x. How to choose these 2 PRBs would have to be decided.
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Fig. 4 NPSS/NSSS/NPBCH/SIB1-NB transmission in paired PRBs
In this section, several options are shown for NPSS/NSSS/NPBCH/SIB1-NB transmission in TDD NB-IoT. Factors as minimum bandwidth for deployment, UL-DL configuration support, latency for synchronization and MIB-NB/SIB1-NB reception, additional specification effort e.g. caused by new signal generation, and UE complexity are analyzed for these options, and then different pros and cons are observed. Anyway, it is preferred to maintain the signal generation of NPSS and NSSS at least to minimize the specification effort and keep the synchronization performance similar as in Rel-13.
Proposal 2: The signal generation of NPSS/NSSS in Rel-13 should be reused for TDD NB-IoT.
Proposal 3: Factors such as minimum bandwidth for deployment, UL-DL configuration support, latency for synchronization and MIB-NB/SIB1-NB reception, additional specification effort, and UE complexity need to be considered when discussing the transmission of NPSS/NSSS/NPBCH/SIB1-NB for TDD NB-IoT.
4 Conclusions
In this contribution, we give some analysis about transmission of NPSS/NSSS/NPBCH/SIB1-NB for TDD NB-IoT.
Proposal 1: The basic characteristics of DL frame structure – subcarrier spacing, cyclic prefix, symbol, slot, subframe, and radio frame – are the same in TDD and FDD NB-IoT.

Proposal 2: The signal generation of NPSS/NSSS in Rel-13 should be reused for TDD NB-IoT.

Proposal 3: Factors such as minimum bandwidth for deployment, UL-DL configuration support, latency for synchronization and MIB-NB/SIB1-NB reception, additional specification effort, and UE complexity need to be considered when discussing the transmission of NPSS/NSSS/NPBCH/SIB1-NB for TDD NB-IoT.
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