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Introduction
The agreement on numerology aspects for synchronization signals in RAN1 #86 meeting [1] is as follows:
Agreements:
· For subcarrier spacing of each synchronization signal (e.g. NR PSS,SSS) in a NR carrier, the following alternatives should be studied
· Alt 1: Subcarrier spacing is predefined in the specification for a given frequency range
· Ex: 15kHz for sub-6GHz, 60kHz for over-6GHz
· Note that there are more than one frequency ranges
· Alt 2: Subcarrier spacing is selected by NR BS
· FFS: Details on the set of possible numerologies
· Note: Blind detection of multiple numerologies can be considered
· Alt 3: Single subcarrier spacing is predefined in the specification for all frequency ranges
· Other alternatives are not precluded
· NR synchronization signal is based on CP-OFDM
· Note that DFT-spread-OFDM based design is not precluded

Based on the above agreement, we discuss the design of synchronization signal for supporting different numerologies in this contribution.

Design of Synchronization Signal
Numerology for synchronization signals
In NR, multiple numerology can be used in the same frequency band even in the case that mixed numerology is not considered. When a UE accesses the NR system, the UE does not have any information on the numerology. Therefore, the UE cannot expect which numerology is currently used. In order to address this issue, there was the agreement on numerology aspects for synchronization signal in the last meeting as mentioned in the above. The agreement has three alternatives even though other alternatives are not precluded.

· In case of Alt 1, the predefined subcarrier spacing according to frequency ranges will be used for synchronization signals. In this alternative, blind detection on the numerology for subcarrier spacing is not required at a UE side. However, this alternative enforces the implementation of synchronization signal with the predefined subcarrier spacing even in the case that NR BS wants to use the different subcarrier spacing for data transmission. The proper subcarrier spacing for synchronization signal should be selected by considering various aspects including mobility, frequency offset, coverage, and so on. However, this alternative restricts the number of candidate numerologies for synchronization signals. If the numerologies between synchronization signals and others including data are different, the subframe structure would be complicated. Even though mixed numerology is supported in NR, the mixed-numerology would be mainly targeted to support different usage scenarios (e.g., eMBB and URLLC). In addition to multiplex different numerologies between different services, there will be another different numerologies between data and synchronization signals. It would be required additional guard band and/or filtering to suppress cross interference between data and synchronization signals. In this alternative, additional information on the numerology for data transmission should be also necessary.

· [bookmark: _GoBack]In case of Alt 2, the subcarrier spacing is selected by NR BS. In this option, NR BS can select the same subcarrier spacing for both data and synchronization signals. Therefore, it is not needed to enforce to implement the numerology only for synchronization signal, and additional guard band and/or filtering. The main drawback of this alternative is blind detection considering multiple numerologies. It will increase computational complexity. In order to address this issue, the numerology agnostic design of synchronization signal based on time-repetition waveform has been introduced [2][3]. With this approach, a UE has a common receiver structure regardless of numerologies for synchronization signal. In addition to that, this approach enables detecting which numerology is used. The detail design will be introduced in the following section.

· Regarding Alt 3, in our opinion, there is no big difference between Alt 1 and Alt 3. Therefore, Alt 3 can be considered as the subset of Alt 1.

Proposal: The alternative 2 is preferred for the design of synchronization signal.

Time-repeated synchronization signal
In this section, we introduce the design of synchronization signal which does not require knowledge of numerology in advance. For this, the subcarrier mapping of synchronization sequence considering different subcarrier spacing according to different numerologies should be considered.
When the largest subcarrier spacing is used, a set of synchronization sequence maps onto a set of ‘M’ contiguous subcarriers. In case of the second largest subcarrier spacing, the same synchronization sequence maps onto a set of ‘2M’ contiguous subcarriers in such a way that every 2nd one of ‘2M’ subcarriers carries the synchronization sequence and remaining ones of ‘2M’ subcarriers have zero values. If m-th largest subcarrier spacing is used, the same synchronization sequence maps onto a set of ‘mM’ contiguous subcarriers such that every 2m-1th one of ‘mM’ subcarriers carries the synchronization sequence and remaining ones of ‘mM’ subcarriers have zero values. By this subcarrier mapping method, the transmission bandwidth for a synchronization signal will be the same and the time domain representation of the synchronization signal will be repeated 2m-1 times as shown in Figure 1.



Figure 1 – Example of subcarrier mapping for design of band agnostic synchronization signal
In Figure 1, each repetition part of time domain signal has same sequence. Therefore, at a receiver side, a UE can use a common low pass filter and correlate the received signal with the same sequence regardless of different numerology (i.e., subcarrier spacing) for timing detection. In addition to the timing detection, the UE can also detect the number of peaks based on the time-repeated synchronization signal structure as shown in Figure 2. Therefore, the UE can also obtain the knowledge on the currently used numerology based on the number of detected peaks which are from the correlation result. Our preliminary evaluation results are shown in Appendix A. Based on the evaluation results, it is observed that the proposed design has relatively robust timing and numerology detection performances.

[image: ]
Figure 2 – Example of detecting numerology based on correlation result
However, if there are multiple numerologies and the difference between the smallest and largest subcarrier spacing is large, it will be difficult to apply this approach to design the time-repeated synchronization signal. For example, it is assumed that the supporting numerologies are 15, 30, 60, 120, 240, 480kHz, and 72 subcarriers (including guard subcarriers) are used for transmission of synchronization signal like LTE. With 480kHz subcarrier spacing, the frequency bandwidth for 72 subcarriers will be 34.56MHz instead of 1.08MHz in LTE. The value is infeasible for common frequency bandwidth for initial access. In order to resolve this issue, one simple solution is to divide the multiple numerologies into multiple subset, for example, SET1 (15, 30, 60kHz) and SET2 (120, 240, 480kHz) and to apply the design of time-repeated synchronization signal within each subset separately.

Proposal: The (time-repeated) numerology-agnostic design of synchronization signal should be considered.

Summary
In this contribution, we made the following proposal.
· The alternative 2 is preferred for the design of synchronization signal.
· The (time-repeated) numerology-agnostic design of synchronization signal should be considered.
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Appendix A. Detection performance evaluations
In this appendix, we show the simulation results for detection performances. With the proposed synchronization signal, we evaluate the performances for detecting both timing and numerology since the used numerology can be also determined based on the number of detected peaks. Table 1 shows the simulation assumptions for this evaluation.
Table 1 – Simulation assumptions
	Parameters
	Values

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz, 30kHz, 60kHz

	Sampling frequency
	7.68MHz
(15kHz x 512, 30kHz x 256, 60kHz x 128)

	Channel
	AWGN only

	FFT size
	512 for 15kHz, 256 for 30kHz, 128 for 60kHz

	Synchronization signal
	LTE-based PSS

	Number of Tx/Rx antennas
	2 x 2

	Frequency offset
	TRP = +/-0.05ppm & UE = +/-5ppm
TRP = +/-0.05ppm & UE = +/-0.1ppm

	Detection method
	Hypotheses test and 2-part replica based for +/-5ppm
1-part replica based for +/-0.1ppm

	Target false alarm probability
	0.001

	Search window
	Same as SS transmission period

	Number of interfering TRPs
	0 TRP
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Figure 3 – One-shot detection performances for timing and numerology 
(TRP=0.05ppm and UE=5ppm frequency offset)
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Figure 4 – One-shot detection performances for timing and numerology 
(TRP=0.05ppm and UE=0.1ppm frequency offset)

Figure 3 and 4 show the one-shot detection performances for both timing and numerology. In case of the performance for timing detection, we consider the only exact sample index as the correct timing. We use only one part of time repetition of the synchronization signal for timing detection. There is no big performance difference between different numerologies even though more time repetitions will be able to provide better detection performance
Regarding the performance of numerology detection, in very low SNR region, the probability for detecting single peak is much better than that for detecting multiple peaks. However, as SNR increases, the gap between detecting single and multiple peaks is decreased dramatically. For detecting the number of peaks, the simulation result is one-shot detection performance and we did not optimize the detection algorithm. Therefore, there will be still room to enhance the performance of numerology detection.
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TRP=0.05ppm & UE=5ppm
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TRP=0.05ppm & UE=0.1ppm
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