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Introduction
This document provides the results of the RIM SI, based on the assumption in RAN1 Meeting #94bis. In the settings, we consider 3 scenarios:
· No RS: no RS and data transmission, and Rx gNB tracks the threshold with 0.5% false alarm based on received random noise signal for one detection window.
· Single RS: 1 Tx gNB sends one RS, and 1 Rx gNB detects the RS based on one symbol detection window.
· Multi RS with the same sequence: Tx gNB sends multi RS with the same sequence, and 1 Rx gNB correlates the received signal based on the given sequence.
False alarm with No RS
No RS transmission, and Rx side makes correlation with received buffer time domain signals based the random noise sequence. And get the maximum correlation peak to compare with the threshold.
· If peak is larger than threshold, RS is detected. If not, RS is not detected.
· False alarm is defined as the probability of no RS transmission but detecting RS.



Detection probability
Detection probability is defined as the probability of no less than RS detected. 


PAPR definition
PAPR (denotes the maximum correlation peak to the average correlation power ratio) is used to decide RS detection threshold.

Simulation
Simulation parameters

	Simulation parameters

	SCS
	30 kHz (mandatory) 

	Simulation bandwidth
	20 MHz

	gNB MIMO configuration
	1T1R (mandatory)

	Frequency offset
	0 Hz

	FFT size
	1024

	RS type 
	Pseudo random sequence in 38.211 section 5.2.1

	Detection methods
	Sliding window (symbol based, sample based)

	Detection window length
	1 OFDM symbol

	RS arrived delay
	The whole sequence uniformly arrives at Detection Window length

	sequence length
	511

	RS pattern 
	 Option1 : (mandatory)
- Time pattern: 2 OFDM symbols, two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences
- Frequency pattern: RS sequence fully located at the centre of
subcarriers
Option 2: (mandatory)
-Time pattern: 1 OFDM symbol, comb factor = 4 and 2
- Frequency pattern: RS sequence maps to frequency resources every 2 and 4 REs

	Power of received RS
	For the single RS case (Case 1), the power of the received RS is set to the reference power P0 and hence is not varying over time. For multiple RS case (Cases 2-1, 2-2A and 2-2B), the power of the ith received RS Pi has a power offset with respect to the reference power P0, where the power offset is randomly selected from [-0.5 dB, 0.5 dB].

	Metric 
	False alarm, detection probability



False alarm
Observation 1: With the target false alarm rate 0.5%, the normalized threshold is PAPR = 12.27.
[image: ]
[bookmark: p1]Single sequence + single RS
Observation 2: Based on the normalized threshold 12.27, when the probability of detection is 90%, the corresponding SNR = -15 dB.
Observation 3: Comb based RS transmission with 1020 tones in 1 symbol could get little worse performance, compared to the RS repetition with 612 tones in 2 symbols. 
Observation 4: Comb 2 and Comb 4 get the same performance, with the 1020 tones in one symbol. 
[image: ]
In this figure, we consider 3 scenarios. ‘2 OS RS, 1CP + 2Rep’ is with RS repetition in two symbol length, occupied the central 612 tones.  ‘1 OS RS, CSI-RS’ is with comb 2/4 in single symbol, occupied the central 1020 tones. Receiving detector captures the one symbol length samples and calculates the correlation peak in the time domain with 1024 point. 
Case 2-1: Single sequence + multi RS
[bookmark: _GoBack]Observation 5: With multiple copies in the detection window, there will be multiple peaks. The PAPR metric would increase the noise, where the interference would produce many fake peaks, and the noise would include many interference peaks. Eliminate the 10 peaks, which would improve the performance with a 2 dB gain.  
 [image: ]
In the figure, 10 RS with the same sequence arrive in the detection window, and at least half of the repetition would locate within the detection window. If only partial RS is in the window, the left and right parts is the noise, shown in the next figure.


Observation 6: Assuming that 10 copies arrive in the detection window at the same time, different RS will largely interfere each other, and largely degrade the performance.
[image: ]
Conclusions
Observation 1: With the target false alarm rate 0.5%, the normalized threshold is PAPR = 12.27.
Observation 2: Based on the normalized threshold 12.27, when the probability of detection is 90%, the corresponding SNR = -15 dB.
Observation 3: Comb based RS transmission with 1020 tones in 1 symbol could get little worse performance, compared to the RS repetition with 612 tones in 2 symbols. 
Observation 4: Comb 2 and Comb 4 get the same performance, with the 1020 tones in one symbol. 
Observation 5: With multiple copies in the detection window, there will be multiple peaks. The PAPR metric would increase the noise, where the interference would produce many fake peaks, and the noise would include many interference peaks. Eliminate the 10 peaks, which would improve the performance with a 2 dB gain.  
Observation 6: Assuming that 10 copies arrive in the detection window at the same time, different RS will largely interfere each other, and largely degrade the performance.
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