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Introduction
In RAN1#86bis meeting, there was the following agreements on the periodicity of the initial synchronization signal (SS)[1]. The system performance with various SS periodicities needs to be evaluated and compared, based on different SS design.
Agreements:
· From RAN1 specification perspective, NR air interface defines at least one periodicity of SS burst set
· FFS: whether or not to define common periodicity range for SS burst set across NR carriers
· Values of the periodicities of SS burst set is for further study
· E.g., 5ms, 40ms, 100ms
· The lowest value of the periodicity of SS burst set is X ms, e.g., 5ms, 40ms, 80ms 
· Note: Interval of SS burst can be the same as interval of SS burst set in some cases, e.g., single beam operation
· Note: the main bullet can be applied to PSS, SSS and/or PBCH
· FFS: networks is allowed to transmit SS burst set at least at the defined periodicities
· FFS: UE is allowed or informed to adapt acquisition procedure based on periodicities of SS burst set
· FFS: For example, if multiple periodicities of SS burst set are defined for initial blind acquisition, UE assumes X ms of an NR carrier as periodicity of SS burst set for dwell time on a freq

In this contribution, the PSS performance as a function of the periodicities with various PSS designs, which is described in [2], including repetition and longer sequence length, is shown. 
[bookmark: _Ref178064866]Discussion
Simulation setup
An illustration of an enhanced PSS design based on LTE PSS, i.e., Zadoff–Chu sequence, is illustrated as one OFDM symbol in Figure 1, where (a) is the repetition in the frequency domain and (b) is the lengthened sequence.
[image: ]
(a) Enhancement with 4 times repetition in the frequency domain
[image: ]
(b) Enhancement with lengthening sequence in frequency domain
Figure 1 Illustrations of NR-PSS sequence as the enhanced ZC sequence 
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The following simulation settings are used within this section:
· Carrier frequency of 4 GHz
· Allocation of 288 subcarriers (i.e., 4.32 MHz) for the NR-PSS with a sub-carrier spacing of 15 kHz 
· CDL-C channel with 100 ns delay scaling value
· UE speed of 3 km/h
· 1 transmitter antenna and 2 receiver antennas at gNB and UE, respectively
In the evaluation, a ZC sequence is selected as the source signal, and the UE would scan the received samples to search the sequence from a set of candidates, whose size is determined how many IDs to be supported from NR-PSS. In the evaluation of this contribution, three PSS candidates (as in LTE) are assumed. Thus, the missed detection rate is used as the metric for the performance comparison.  
The missed detection rate versus SNR without frequency error are shown in Figure 2, where (a) is of 10ms periodicity and (b) is of 20ms periodicity, respectively. In the simulation, the search window in the time domain is 40ms. For the repetition case, the sequence of LTE release 8 with root of 29 is used. The sequence selected for the lengthening case in the simulation is not optimized for the longer size. In addition, it is also assumed that the duplicates in the search window are not coherently combined before the matched filter.
     [image: ] [image: ]
(a) Periodicity: 10ms					(b) Periodicity: 20ms
[bookmark: _Ref466017402]Figure 2 Missed detection rate with different periodicities
It is shown that given the same search window, the larger periodicities would have higher missed detection rate because of the less resources for the sequence in the window, and the more duplicates in the window also means the higher successful detection rate. The enhanced schemes have similar performance and obtain about 6 dB gain over the original one for the repetition and longer size.
To have a fair comparison, the numbers of resource elements reserved for all schemes needs to be the same, which means the N times periodicity would have N time repetition in one period. The results can be found in Figure 3, where short LTE PSS with periodicity of 10ms and long enhanced PSS with periodicity of 40ms are compared. 
[image: ]
[bookmark: _Ref466023172]Figure 3 Simulation results with the same overhead for PSS in the search window
The simulation results show that with the same number of resource elements reserved for the PSS, they can have similar performance without frequency error. Note that, in the simulation, the SNR per subcarrier is assumed, which results in different SNR values for the SS because of the number of subcarriers for the two alternatives. For the shorter periodicity, i.e., more duplicates in the time domain, the LTE PSS can obtain some diversity in the time domain, compared with the longer periodicity schemes, which have more resource in the frequency domain.
Observation 1	The alternatives with repetition in the frequency domain and lengthened ZC sequence with longer periodicity can achieve similar missed detection rate performance as the short ZC sequence with shorter periodicity

Conclusion
In section 2 we made the following observations:
Observation 1	The alternatives with repetition in the frequency domain and lengthened ZC sequence with longer periodicity can have similar performance as the short ZC sequence with shorter periodicity
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