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1 Introduction
Modification of Primary Synchronization signal for NB-IoT TDD mode are discussed in detail and performance is compared with FDD signal. NB-IoT TDD is yet to be defined in the specification, so we present the possible designs.

2 Background

From the WID in RP-170852 it is decided to add TDD support for NB-IoT. The expedited standardization process in Rel-13 developed the air interface to support half-duplex FDD. However, TDD spectrum also exists globally, including regulatory environments and operator markets where there is strong un-met demand for NB-IoT. In some cases this demand has existed since the early phases of the Rel-13 work. Therefore, Rel-15 is the right time to add TDD support into NB-IoT, after establishing what the needed targets in terms of coverage, latency, etc. should be.
3 Discussion
Synchronization to BS is the primary task of the UE and consumes significant amount of its power. NB-IoT being a Low Power Wide Area Network, Coverage levels supported can be more than 164dB. Considering the capability of low cost and low power consuming NB-IoT UE, Receiver design is highly dependent on synchronization signals. NB-IoT UE being low cost, may have significant crystal impairments which can result in high frequency offsets. To further enhance coverage levels and help receiver to be tolerant for high frequency offsets, we propose certain modifications to the existing NB-IOT FDD NPSS.

Limitation of adopting FDD-NPSS to TDD NB-IOT 

Mostly used TDD bands, from India is LTE band 40 has center frequency greater than 2GHz. For a crystal with 20ppm offset, working in typical carrier frequencies of order 2.5GHz, the offset along with the channel raster can be ±60KHz. The Current FDD NPSS is a Zadoff-Chu sequence of length 11 and 11 OFDM symbols with a code cover, are transmitted in a single subframe. NPSS occupies 180KHz bandwidth. With FDD NPSS Design, any receiver with an initial bandwidth of 240KHz can sustain a maximum frequency offset along with channel raster till ±30KHz. It’s important for a receiver to keep its bandwidth minimal so as to reduce leakage of unwanted signals during the process of initial synchronization. So TDD-NB IOT receivers with unmodified NPSS can only tolerate less than half of the maximum tolerable frequency offset of NB-IoT FDD modem.
Proposal 1: 

Reduced Bandwidth NPSS for TDD.
It’s imminent to make modifications to the NPSS for the TDD modem to perform on par with FDD modem. Considering further enhancements in NB-IOT TDD, we propose a solution with a bandwidth of 75KHz or length 5 ZC sequence. Current NPSS sequence which is a ZC of length 11, can be modified to length 5, now the occupied signal bandwidth is 75KHz which gives a receiver with bandwidth of 240KHz to tolerate frequency offsets and raster up till ~80KHz. Overall UE can synchronize with same complexity as FDD but can perform better.
The total power available for the NB-IoT system will be transmitted over these subcarriers. We see that such power boosting over reduced BW does not violate RAN4 specifications.
TDD NPSS Sequence: Length 5 Zadoff-chu sequence.
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And after sequence generation we can reuse the design of FD-NPSS i.e, 11 ofdm such ofdm symbols with the code cover in 1 sub frame. We can observe the additional gain in receiver performance from the simulations below. We present various link level simulations to observe the receiver performance. 
Complete TD-NPSS can be generated as follows


[image: image5]


Proposal 2:
We also propose pi/2 BPSK modulated waveform that has low PAPR for TDD - NPSS with bandwidth of either 60 or 90KHz. We can pick up a 4 length or 6 length sequence and modulate with pi/2 BPSK and DFT precoded/spectrum shaped (using two tap filter i.e., 1+D filter) these symbols and generate the time domain sequence with IFFT. This sequence has significantly lower PAPR than ZC 11 such NPSS symbols can be transmitted 
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Simulation Setup:

Table 1:  Simulation Setup

	Scenario
	

	Channel Model
	TU (12-paths with max delay spread of 5 µs)

	Doppler
	1 Hz

	Antenna configuration
	Stand-alone Mode: 1T1R In-band Modes: 1T1R

	BS Tx power (dBm)
	35 dBm

	Coupling loss (dB)
	164

	Frequency offset
	Integer and fractional

	Initial Receiver Bandwidth
	240KHz


Below are plots for the CDF of time to synchronize in terms of frames for 164dB MCL                    [image: image8.png]0.9
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                                   Fig1. CDF of Time to synchronization, Proposal 1
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                            Fig2. CDF of Time to synchronization, Proposal 2
4 Conclusions and Proposals
In this contribution we have highlighted the potential problem in reusing the FDD-NPSS for TDD. Two observations were made to summarize these aspects:
Observation 1: Proposal 1 has almost same performance at -14.6dB when compared to FDD NPSS at -12.6dB (MCL 164dB)
Observation 2: Proposal 2 with either of sequence length 4 or 6 has same performance at  -14.6dB when compared to FDD NPSS at -12.6dB (MCL 164dB)

So the proposed waveforms not only tolerate frequency offsets but also perform even in scenario with MCL >164dB
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