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1 Introduction

In RAN #86bis [1], agreements were reached for NR to have an NR-PSS to be used for the initial UE system synchronization. 

Agreements:
· NR defines at least two types of synchronization signals

· NR-PSS at least for initial symbol boundary synchronization to the NR cell

· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing

· NR-SSS for detection of NR cell ID or at least part of NR cell ID

· Number of NR cell IDs is targeted to be at least 504

· FFS: larger than that in LTE

· FFS number of NR cell IDs

· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead

· FFS FDM or TDM

· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index

Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’

· FFS: details how to compose PSS, SSS and/or PBCH

· Multiplexing other signals are not precluded within a ‘SS block’

· One or multiple ‘SS block(s)’ compose an ‘SS burst’

· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)

· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’

· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set

· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.
In this contribution, we look at the MCL requirements set in TR38.913 [2] for NR and note that additional PSS resources are required for NR. 

2 Difficulty of NR MCL of 164

The target maximum coupling loss (MCL) for NR system coverage set in TR38.913 [2] represents a significant challenge in the design of NR system. As a comparison, the table below shows the MCL and SNR requirements for NR, MTC and NB-IOT. It can be seen that the MCL of NR results in an SNR requirement that is 4dB lower than NB-IOT. The main reason for this difference is the different assumption in the UE NF, for NB-IOT 5 dB was used for NR 9 dB was agreed [2]. 
	
	NR
	MTC
	NB-IOT

	MCL
	-164dB
	-155.7dB
	-164dB

	UE receiver noise figure
	9
	9
	5

	SNR
	-22.5dB
	-14.2dB
	-18.5dB


[Note: assume Tx power of 46dBm]
Observation: SNR requirement for NR is 4dB lower than NB-IOT.
3 Additional PSS Resources Required

In order to meet the MCL requirements for NR system coverage, it can be predicted that more PSS resources are required for NR compared to the LTE MTC and NB-IOT systems. The limitations of the LTE PSS can be seen in the PSS detection simulation, set at -22.5dB SNR, shown below. 
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Observation: Using 6 PRBs X 1sym (legacy LTE PSS), the best detection probability is less than 60% for a false alarm rate of 1%.
Conclusion: To meet the 164dB MCL, NR needs more PSS resources than LTE has.
Note: The simulations were conducted using the parameters in the table below:

	Simulation parameter
	Value

	Carrier frequency
	2.1 GHz

	Channel Models
	EPA

	Subcarrier Spacing
	15 kHz

	PSS Sequence type
	Zhadoff-Chu

	Number of sequences
	3

	PSS length
	63

	PSS periodicity
	5ms

	SNR
	-22.5dB

	Doppler
	1 Hz


4 Wide PSS vs Additional PSS Symbols
As mentioned above, in order to improve the PSS detection probability in low SNR, either the width of the PSS sequence can be increased, or additional symbols can be used in the PSS (note the length of the PSS can remain the same). There are advantages for both, namely the detection performance and the PSS channel raster reductions. 

4.1 PSS Channel Raster

In [3] and in other contributions it is suggested to use a synchronization channel raster that is sparser than the carrier/channel raster in order to reduce the number of candidate searches which will achieve faster synchronization signal detection. As noted in [3], the bandwidth of the PSS would be bounded by the values selected for the synchronization channel raster spacing and the minimum system bandwidth. A wider PSS will reduce the allowable synchronization channel raster spacing, consequently increasing the number of frequencies the UE will need to scan and increasing the PSS acquisition time.


The improvement in the PSS acquisition time due to the reduction of the PSS bandwidth is shown in the Table below for two candidate PSS bandwidth and two candidate minimum NR supported system bandwidth are used:

	PSS Bandwidth MHz
	Minimum NR Supported System bandwidth
	Maximum Sync channel raster spacing
	% Improved Sync Acquisition

	2.16 MHz
	5 Mhz
	23
	Baseline

	2.16 MHz
	3 Mhz
	5
	Baseline

	1.08 MHz
	5 Mhz
	34
	48%

	1.08 MHz
	3 Mhz
	16
	220%


[Note: assuming LTE channel raster of 100 kHz and 15 kHz sub-carrier spacing and 10 % guard band]: 

Observation: If the minimum NR supported bandwidth is 5 MHz, a 1.08 MHz PSS results in a 48% improvement in the PSS acquisition time compared to a 2.16MHz PSS. 
Observation: If the minimum NR supported bandwidth is 3 MHz, a 1.08 MHz PSS results in a 220% improvement in the PSS acquisition time compared to a 2.16MHz PSS. 
4.2 PSS Detection Performance
In the follow simulations we compare the two methods using a PSS of 1.08MHz (legacy LTE) and PSS of 540 kHz with 2 or 3 symbols. Ideally the simulations should compare a PSS of 1.08MHz and a PSS of 2.16 MHz but the shorter length results can be used for the relative comparisons 
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In the EPA fading channel simulations, the wider PSS (blue line) and the narrow PSS with 2 symbols (pink line) show a similar probability of correct detection. The EPA fading channel has less frequency diversity so the narrow PSS with 2 or 3 benefits from the correlation combining gain.
Observation: A wide PSS doesn’t improve the PSS detection performance over narrow PSS with 2 symbols in EPA fading channel. 
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The ETU fading channel simulations have more taps (resulting in more frequency diversity) than the EPA model. So the narrow PSS (pink line) shows slightly worse performance compared to the wider PSS (blue line). At the 90% probability of correct detection, the narrow PSS with 2 symbols requires 200ms whereas the wider PSS requires 180ms accumulation time, resulting in 10% performance improvement. The narrow PSS with 3 symbols (black line) approaches the wider PSS (black line). 

Observation: A wide PSS improves the PSS detection performance over narrow PSS with 2 symbols in ETU fading channel by 10%. 

5 Summary

Although there is a 10% PSS detection performance loss of the narrow PSS compared to the wider PSS, but this is much smaller than the performance gained by the reduction in the number of candidate PSS frequencies which results in either 48% or 220% (depending on the NR’s minimum supported system bandwidth).

Proposal: Recommend using a PSS of 6 PRB with at least 2 symbols for carrier frequencies less than 3 GHz.
6 Conclusion

Observation: SNR requirement for NR is 4dB lower than NB-IOT.
Observation: Using 6 PRBs X 1sym (legacy LTE PSS), the best detection probability is less than 60% for a false alarm rate of 1%.
Conclusion: To meet the 164dB MCL, NR needs more PSS resources than LTE has.

Observation: If the minimum NR supported bandwidth is 5 MHz, a 1.08 MHz PSS results in a 48% improvement in the PSS acquisition time compared to a 2.16MHz PSS. 
Observation: If the minimum NR supported bandwidth is 3 MHz, a 1.08 MHz PSS results in a 220% improvement in the PSS acquisition time compared to a 2.16MHz PSS. 
Observation: A wide PSS doesn’t improve the PSS detection performance over narrow PSS with 2 symbols in EPA fading channel. 

Observation: A wide PSS improves the PSS detection performance over narrow PSS with 2 symbols in ETU fading channel by 10%. 

Proposal: Recommend using a PSS of 6 PRB with at least 2 symbols for carrier frequencies less than 3 GHz.
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