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1. Introduction
In RAN1#86 meeting, several agreements regarding subcarrier spacing of NR synchronization signals were made as follows:
	Agreement:

· 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


In this contribution, we discuss numerology for NR synchronization signal.
2. Discussion
· Numerology candidates for NR synchronization signal
There are two alternatives in the agreement for subcarrier spacing of each synchronization signal (e.g., NR PSS, SSS). The first alternative is that subcarrier spacing is predefined in the specification for a given frequency range. For example, 15 kHz subcarrier spacing can be used for sub-6GHz (e.g., 4GHz or 6GHz) and 60 kHz subcarrier spacing can be used for over-6GHz (e.g., 30GHz or 40GHz). The other alternative is that subcarrier spacing is selected by NR base station (BS). If the second alternative is used for NR synchronization signal, it would bring the detection complexity of UE due to blind detection. In this point of view, the predefined subcarrier spacing for synchronization signal for a given frequency range is preferred.
Proposal 1: Default numerology is applied for synchronization signal for a given frequency range.
· Consideration points for numerology selection
There are several consideration points for numerology selection. In this section, we focus on following consideration points:
· Subcarrier spacing

· CP length

· Synchronization signal transmission bandwidth
(1) Subcarrier spacing

Generally, the performance of CP-OFDM based synchronization single is very sensitive to frequency offset. So, in order to discuss proper subcarrier spacing according to carrier frequency, the frequency offset according to carrier frequency should be considered. There were agreements on frequency offset in evaluation assumption as followings [1]: 

· Initial acquisition
· TRP: uniform distribution +/- 0.05 ppm
· UE: uniform distribution +/- 5, 10, 20 ppm (each company to choose one)
· Non-initial acquisition
· TRP: uniform distribution +/- 0.05 ppm
· UE: uniform distribution +/- 0.1 ppm
According to the agreements of frequency offset for initial acquisition, table 1 shows the frequency offset according to different carrier frequencies and table 2 shows normalized frequency offset according to different carrier frequencies.

Table 1. Frequency offset according to different carrier frequencies
	ppm
	Carrier Frequency (GHz)

	
	4
	30
	70

	5
	20 kHz
	150 kHz
	350 kHz

	10
	40 kHz
	300 kHz
	700 kHz

	20
	80 kHz
	600 kHz
	1400 kHz


Table 2. Normalized Frequency offset according to carrier frequency
	Subcarrier Spacing (kHz)
	ppm
	Carrier Frequency (GHz)

	
	
	4
	30
	70

	15
	5
	1.33
	10
	23.33

	
	10
	2.67
	20
	46.67

	
	20
	5.33
	40
	93.33

	30
	5
	0.67
	5
	11.67

	
	10
	1.33
	10
	23.33

	
	20
	2.67
	20
	46.67

	60
	5
	0.33
	2.5
	5.83

	
	10
	0.67
	5
	11.67

	
	20
	1.33
	10
	23.33

	120
	5
	0.17
	1.25
	2.92

	
	10
	0.33
	2.5
	5.83

	
	20
	0.67
	5
	11.67

	240
	5
	0.08
	0.63
	1.46

	
	10
	0.17
	1.25
	2.92

	
	20
	0.33
	2.5
	5.83

	480
	5
	0.04
	0.31
	0.73

	
	10
	0.08
	0.63
	1.46

	
	20
	0.17
	1.25
	2.92


As shown in table 1, it is noted that carrier frequency offset increases when the center frequency increases. The Effect of CFO is very critical in initial acquisition especially PSS detection. According to table 2, it is noted that wide subcarrier spacing for synchronization signal provides the robust performance against CFO. As a result, we suggest that N times wider subcarrier spacing than default numerology should be used for the subcarrier spacing of PSS. For example, if default subcarrier spacing for sub-6GHz is 15 kHz, 4 times-wider subcarrier spacing (i.e., 60 kHz) should be used for the subcarrier spacing of PSS.
On the other hands, the effect of CFO is not harmful in non-initial acquisition because of the compensation of CFO. In this point of view, default numerology should be used for the subcarrier spacing of PBCH. Also, if coarse CFO is detected from PSS and that value is compensated, the same approach can be applied to SSS. For example, if default subcarrier spacing for sub-6GHz is 15 kHz, default subcarrier spacing (i.e., 15 kHz) should be used for the subcarrier spacing of SSS and PBCH.
(2) CP length
Generally, cyclic prefix (CP) protects inter symbol interference (ISI) which occurs due to delay spread. In sub-6GHz, CP length defined in legacy LTE specification is necessary to support long delay spread channel such as eTU channel model in legacy LTE or TDL (Tapped Delay Line) channel model with 1μs rms delay spread. However, if wider subcarrier spacing than legacy subcarrier spacing of LTE is used, it would be sensitive to long delay spread because CP length is shortened due to wider subcarrier spacing.
(3) Transmission bandwidth for synchronization signal
In legacy LTE specification, the bandwidth for synchronization signal is 1.08MHz and the OFDM symbol duration is 70μs. When wider bandwidth is introduced according to wider subcarrier spacing, calculation complexity for PSS detection in UE side is also increasing. Basically, increasing the complexity of PSS detection is not preferred. In this point of view, we prefer that transmission bandwidth and time duration for NR synchronization signal is similar with that of LTE.
From the above discussion, two alternatives can be considered for synchronization signal design.
Alt. 1: Increasing both bandwidth and subcarrier spacing for SS. (Symbol shortening)

Alt. 2: Keeping the bandwidth, and increasing the subcarrier spacing for SS. (Symbol shortening and repetition)
· Note: PSS and SSS could be set different numerology.
Therefore, it should be studied the synchronization signal design based on wider subcarrier spacing than default numerology considering on both CP length and SS bandwidth.
Proposal 2: Study wider subcarrier spacing based synchronization signal design in NR considering on both CP length and SS bandwidth.
· Different default numerology for synchronization signal
In NR system, different default numerology could be applied to different frequency band (e.g. 15 kHz for below 6GHz, 60kHz for above 6GHz). If different sequences for synchronization signal are used according to subcarrier spacing for default numerologies, it would bring the implementation complexity. In this point of view, common sequence for synchronization signal across is preferred for simplicity.

Proposal 3: Common sequence across different default numerologies should be considered.
3. Performance Evaluation

In this section, initial performance evaluation results are presented. The evaluation assumptions are summarized in table 3 in appendix. In these evaluation results, we considered three types of synchronization signal, which are as followings:

(1) Legacy LTE: bandwidth for synchronization signal is 1.08 MHz, subcarrier spacing is 15 kHz, and using 1 symbol for PSS and SSS.

(2) Alt. 1: bandwidth for synchronization signal is 4.32 MHz, subcarrier spacing is 60 kHz, and using 1 symbol for PSS and SSS.

(3) Alt. 2: bandwidth for synchronization signal is 1.08 MHz, subcarrier spacing is 60 kHz for PSS and 15 kHz for SSS, and using 4 symbols for PSS and 1symbol for SSS (i.e., legacy LTE SSS).
Figure 1. CDF of acquisition time for different numerologies in AWGN channel
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Figure 2. CDF of acquisition time for different numerologies in eTU channel 
[image: image2.png]CDF

100%

CDF of acquisition time for different numerologies

90%

[EsNo: -3dB, ppm: 20, eTU]

E———— g —

I

80%

70%

60%

50%

40%

— - Legacy LTE in4 GHz
Alt 1in4 GH:

——Alt2in4 GHz

30%
0.00

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
Acquisition time (ms)





In these evaluation results, the acquisition time is used for performance metric. Therefore, the detection probability of these evaluation results keeps certain level (i.e., 98%) for all cases. Figure 1 shows the CDF of acquisition time for different numerologies in AWGN channel. As shown in figure 1, it is noted that the subcarrier spacing increases, evaluation performance increases in terms of acquisition time. In other words, using wider subcarrier spacing for synchronization signal increases the initial access performance. Also, figure 2 shows the CDF of acquisition time for different numerologies in eTU channel (frequency selective channel). According to figure 2, it is noted that the CP length decreases, evaluation performance decreases in terms of acquisition time. In other words, using short CP length (i.e., wider subcarrier spacing) for synchronization signal decreases the initial access performance.
Observation 1: 
(i) Using LTE design for SS, the performance degrades due to large CFO in AWGN channel.
(ii) Using alternative 1 for SS, the performance degrades due to large delay spread in TU channel.
(iii) The best performance is made by using alternative 2 for SS.
4. Conclusion
In this contribution, we discussed numerology for NR synchronization signal. The following is our proposal:

Proposal 1: Default numerology is applied for synchronization signal for a given frequency range.

Proposal 2: Study wider subcarrier spacing based synchronization signal design in NR considering on both CP length and SS bandwidth.

Proposal 3: Common sequence across different default numerologies should be considered.
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Appendix: 
Table 3. Link-level Evaluation Assumptions
	Parameter
	Value

	Carrier Frequency
	4 GHz, 

	Channel Model
	AWGN, eTU

	Subcarrier Spacing
	15 kHz, 60 kHz

	Antenna Configuration
	1 Tx, 1 Rx

	Timing offset
	Uniformly distributed in [-1 ms, 1 ms] for 15 kHz

Uniformly distributed in [-0.25 ms, 0.25 ms] for 60 kHz

	Frequency Offset
	10 ppm, 20 ppm

	Detection threshold value
	False alarm probability of 0.1 % when only AWGN exists

	PSS/SSS detection
	One shot detection

	PSS/SSS period
	5 ms

	Subframe duration
	1 ms for 15 kHz SC, 0.25 ms for 60 kHz SC

	OFDM symbols in SF
	14


