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1. Introduction
In RAN1#94bis meeting, remaining issues on RIM RS evaluation cases, simulation assumptions and performance metrics were agreed and aligned. According to the revised assumptions, 10 companies provide their contributions on the RIM RS evaluation results [1]-[10]. An excel table to collect the evaluation results is also attached in the following.


In this contribution, text proposal to the TR 38.886 is provided to capture the simulation results and initial observations.
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2. Text Proposal 
--------------------------<Start of text proposal for TR 38.866>--------------------------

7. [bookmark: _Toc522801833]Evaluation of reference signals 
[bookmark: _Toc522801834]Evaluation methodology 
For RIM SI, the evaluation is to be carried out via link-level simulation to evaluate the performance of the reference signals in the NR-RIM frameworks.
For simulation evaluation of reference signals in the NR-RIM frameworks, following descriptions of the RS should be provided,  
· RS sequence
· Length of RS sequence
· Time/frequency pattern of RS
· Time pattern (number of symbols)
· Frequency pattern
and the following analytical metrics of the RS should be provided,
· The complexity of reference signal detection at gNB
· Overhead
· Impact on UEs
· Others
[bookmark: _Toc528950502]Evaluation cases
To comprehensively evaluate the RS design in the NR-RIM frameworks, the following cases are examined.
At least the following cases are to be evaluated for RIM RS design.
Case 1: Single sequence and single RS: The number of total sequences in the network is only 1 and the number of RSs arriving within the window is also 1. This case is mainly used to compare and calibrate performance of same RS design.
Case 2: Multiple RSs
· Case 2-1 (Single sequence and multiple RSs): All RSs received within the detection window correspond to the same sequence. Number of total RS sequences is only 1.
· Case 2-2A (Multiple sequences and single RS): Each RS received within the detection window by the detector corresponds to a different sequence. Number of total RS sequences is more than 1.
Case 2-2B (Multiple sequences and multiple RSs): The number of distinctive sequences received within the window is smaller than the number of RS copies. Multiple RSs copies may use the same sequence. Number of total RS sequences is more than 1.
Case 1: Single RS + AWGN (mandatory), where the number of total sequences in the network is only 1 and the number of RSs arriving within the window is also 1. This case is mainly used to compare and calibrate performance of same RS design.
Case 2: Multiple RS + AWGN (mandatory)
· Case 2-1 (Single sequence): All RSs received within the detection window correspond to the same sequence. Number of total RS sequences is only 1
· Case 2-2A (Multiple sequences): Each RS received within the detection window by the detector corresponds to a different sequence. Number of total RS sequences is more than 1.
The following table summarizes the simulation cases.
Table 7.1.1-1 Simulation cases for RIM RS design
	
	Total number of sequences used in the same time-frequency resourcesthe network
(Nseq)
	Number of sequences arriving within the window
(n)
	Number of RS copies using the same sequence
(m)
	Number of total RSs arriving within the window 
(SN)

	Case 1
	1
	1
	1
	1

	Case 2-1
	1
	1
	10 as starting point , other values are encouraged to be provided
	m*n 10 as starting point

	Case 2-2A
	8 as starting point
	1,2,4,8 1
	1
	m*n n

	Case 2-2B
	8 as starting point
	1,2,4,8 1
	10 as starting point , other values are encouraged to be provided
	m*n

	NOTE 1: Separate simulation runs



Other simulation parameters are provided in Annex A.
For the evaluation of reference signals in the NR-RIM frameworks, the following simulation parameters are also applied. 
Table 7.1.1-2 Simulation parameters
	Parameter 
	Value

	SCS
	30 kHz (mandatory) / 15 kHz (optional)

	Bandwidth
	20 MHz

	gNB MIMO configuration
	1T1R (mandatory) / 1T2R (optional)

	Frequency offset
	0 Hz

	RS sequence
	pseudo random sequence in 38.211 section 5.2.1

	Length of RS sequence
	to be provided

	FFT size
	to be provided

	RS time-frequency pattern
	Alt 1: 1OS CSI-RS
- Time pattern: 1 OFDM symbol, comb factor = 2 and 4
- Frequency pattern: RS sequence maps to frequency resources every 2 and 4 REs
Alt 2: 2OS RS
- 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
Alt 3: 2OS RS
- Time pattern: 2 OFDM symbols, where the CP is separately added to the front of each OFDM symbol, but in frequency domain, the RIM-RS in different OFDM symbols need to be multiplied with different linear phase rotation factors.
- Frequency pattern: RS sequence fully located at the centre of subcarriers

	Length of detection window
	to be provided

	Detection algorithm
	to be provided (symbol-level or sample-level detector)

	Decision variable
	to be provided

	Channel model
	Option 1: AWGN with random complex phase (mandatory)
Option 2: TDL-E with K-factor = [22] dB, DS = [30] ns, Doppler [0] Hz (optional)

	Delay of received RS
	When one or multiple RSs arrive in the detection window, the arrival time of the ith RS respect to the start of the detection window, △i , is uniformly distributed within [-Lsymbol, Lsymbol], where Lsymbol is the length of UL symbol based on the numerology of RS.

	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].



[bookmark: _Toc528950503]Detection algorithms
The detection algorithms used in contributions [1]-[10] are summarized as follows.
Table 7.1.2-1 Detection algorithms
	Source
	Length of RS sequence
	Length of detection window
	Detector
	Decision variable

	Resource 1 (R1-1812218)
	600, 150
	N-1 OFDM symbols, where N is the number of repetitions in time domain. 1
1 Note: For fair comparison, we only evaluate the one-shot detection performance of the 1st detection window.
	symbol-level detector
	PAPR

	Resource 2 (R1-1812439)
	612, 306, 153
	The length of the detection window is 2
· 1 OFDM symbol for Alt 1
· 2 OFDM symbols for 2OS RS for Alt 2
2 Note: 3 detection windows are used in detection.
	symbol-level detector
	PAPR

	Resource 3 (R1-1812498)
	600
	1 OFDM symbol
	symbol-level detector
	Correlation peak assuming the interference-plus-noise power is known at the receiver

	Resource 4 (R1-1812569)
	600, 300, 150
	1 OFDM symbol
	symbol-level detector
	Maximum peak

	Resource 5 (R1-1812625)
	612, 306
	1 OFDM symbol
	symbol-level detector
	PAPR

	Resource 6 (R1-1812882)
	612, 153
	1 OFDM symbol
	symbol-level detector
	· Correlation peak to average power ratio for all cases
· Correlation peak for Case 2-1.

	Resource 7 (R1-1813889)
	600
	2 OFDM symbols
	symbol-level detector
	Maximum peak 3
3 Note: Estimating the variance of the noise plus interference to scale the threshold to obtain the desired probability of false alarm for all SNRs assuming the detection window of length Wdet.

	Resource 8 (R1-1813879)
	512
	1 OFDM symbol
	symbol-level detector
	Maximum peak

	Resource 9 (R1-1813429)
	612
	1 OFDM symbol
	symbol-level detector
	PAPR

	Resource 10 (R1-1813465)
	600, 300, 150
	The length of the detection window is 1OFDM symbol, and the simulation window of 3-OFDM-symbol-length is used.
	symbol-level detector
	Highest peak



[bookmark: _Toc522801835]Performance metric
For Case 1, the metric is the minimum SNR required for one-shot detection with 90% detection probability and 1% false alarm requirement.
For Case 2-1 and 2-2A, the following options for detection probability should be evaluated.
· Detection probability of option 1: Worst case detection probability of all sequences as  Pd,k, where Pd,k = Prob{sequence k is detected in a detection window | sequence k is present the detection window}  
· Detection probability of option 2: Average detection probability of all the sequences Pd,k
For single sequence case (Case 2-1), gNB attempts to detect only one sequence per detection window.
For multiple sequence case (Case 2-2A), the RS detector should attempt to detect all possible RS sequences arriving in the detection window, where no advanced receiver algorithm is adopted for RS detection.
False detection rate of RS is evaluated by only AWGN input to the receiver, i.e. modelling thermal noise, and should be no larger than 1% for all evaluation cases.
[bookmark: _Toc528950506]False alarm probability
False alarm is defined based on detecting any sequences transmitted in the same time-frequency resource in the network with only AWGN input, i.e. only thermal noise is input to the receiver, and should be limited under [1]% over 2 symbols.
For evaluation, the detector (window length and sliding granularity) should be consistent when calculating the false alarm and detection probability. Note that for different detectors, the false alarm probability will be scaled proportionally over the detection duration:
· For the symbol-level detector, the detection duration is the length of the detection window
e. g., for the 1 OS symbol-level detection window, the false alarm rate is [0.5]%.
· For the sample-level detector, the detection duration is the number of symbols that the detection window is sliding over
e.g., for the 1 OS sample-level detection window sliding from symbol 0 to 1, the false alarm rate is [1]%.
[bookmark: _Toc528950507]Detection probability
The detection probability is defined as the probability of detecting a sequence in a detection window given that the sequence is present in the detection window, i.e,
Pd,k = Prob{sequence k is detected in a detection window | sequence k is present in the detection window}.
· For symbol-level detection, only sequences present in the detection window are counted for detection probability.  “Sequence k is present in the detection window” means that the power of at least one RS copy using sequence k captured in the detection window is no less than that captured in other detection windows.
· For sample-level sliding detection, all sequences arrived should be counted.
Two options of detection probability should be evaluated:
· Option 1: Worst case detection probability of all sequences, i.e.,  Pd,k .
· Option 2: Average detection probability of all the sequences Pd,k .
[bookmark: _Toc528950508]Error detection probability
The error detection probability is defined as the probability that the detected sequence IDs do not match with the sequence IDs actually arrived within the detection window. The metric is counted as 
Pe =  
where Perr,n is the probability of detecting at least one sequence different from all the one(s) that actually arrived within the detection window. 
[bookmark: _Toc528950509]Minimum SNR
For Case 1, the metric is the minimum SNR required for one-shot detection with [90]% detection probability under [1]% false alarm requirement.
For Case 2-1, the metric is the minimum SNR required for one-shot detection with [90]% detection probability under [1]% false alarm requirement.
For Cases 2-2A and 2-2B, the metric is the minimum SNR required for one-shot detection with [90]% detection probability under [1]% false alarm and [1]% error detection requirement. For the case where [90]% detection probability cannot be achieved, the detection probability at [-10] dB should be provided.
[bookmark: _Toc522801836]Evaluation results and findingsobservations
The simulation results are taken manually from the contributions shown below [1]-[10].
[bookmark: _Toc528950517]Case 1: Single sequence and single RS
Table 7.3.1-1 Minimum SNR (in dB) required for one-shot detection with [90]% detection probability under [1]% false alarm rate.
	Source
	Alt 1: 1OS CSI-RS, comb factor  = 1
	Alt 1: 1OS CSI-RS, comb factor  = 2
	Alt 1: 1OS CSI-RS, comb factor = 4
	Alt 2: 2OS RS, comb factor = 1
	Alt 2: 2OS RS, comb factor = 2
	Alt 2: 2OS RS, comb factor = 4
	Alt 3: 2OS RS

	Resource 1 (R1-1812218)
	-
	-
	-
	-
	-
	-
	-17.0	Comment by Dan: More explanations may be needed on the difference between the result and other results

	Resource 2 (R1-1812439)
	-10.6
	-7.8
	-4.6
	-14.5
	-11.5
	-8.5
	-

	Resource 3 (R1-1812498)
	-
	-
	-
	-13.6
	-
	-
	-

	Resource 5 (R1-1812625)
	-
	-5.7
	-
	-15.0
	-
	-
	-

	Resource 6 (R1-1812882)
	-
	-
	-5.8
	-14.8
	-
	-
	-

	Resource 7 (R1-1813889)
	-10.6
	-10.6
	-10.6
	-14.3
	-
	-
	-

	Resource 8 (R1-1813879)
	-
	-
	-
	-14
	-
	-
	-14

	Resource 9 (R1-1813429)
	-
	-12.6
	-12.6
	-15
	-
	-
	-

	Resource 10 (R1-1813465)
	-13.3
	-9.8
	-6.5
	-14.6
	-11.3
	-8.0
	-



[Observations:
- For the 2OS RS (Alt 2 and Alt 3) with comb factor = 1, the required SNRs to attain [90]% detection probability are [-13.6, -17] dB.
- The detection performance of the 2OS RS is better than that of the 1OS CSI-RS, no matter power boosting is used by the 1OS CSI-RS or not.]

[bookmark: _Toc528950518]Case 2-1: Single sequence and multiple RSs
Table 7.3.2-1 Minimum SNR (in dB) required for one-shot detection with [90]% detection probability under [1]% false alarm rate. For the case when [90]% detection probability cannot be attained, the detection probability at [-10] dB is provided.
	Source
	Number of copies
(S)
	Alt 1: 1OS CSI-RS, comb factor  = 1
	Alt 1: 1OS CSI-RS, comb factor  = 2
	Alt 1: 1OS CSI-RS, comb factor = 4
	Alt 2: 2OS RS, comb factor = 1
	Alt 2: 2OS RS, comb factor = 2
	Alt 2: 2OS RS, comb factor = 4
	Alt 3: 2OS RS

	Resource 1 (R1-1812218)
	10-
	-
	-
	-
	-
	-
	-17-
	-23.5	Comment by Dan: More explanations may be needed on the difference between the result and other results

	Resource 2 (R1-1812439)
	10
	-15.0
	-11.9
	-8.5
	-17.2
	-13.8
	-9.6
	-

	
	[20]
	-16.0
	-12.6
	-8.5
	-18.0
	-14.2
	-9.4
	-

	
	[50]
	-16.9
	-13.6
	-7.8
	-19.5
	-16.0
	-8.9
	-

	Resource 3 (R1-1812498)
	10-
	--
	-
	-
	-17.1-
	-
	-
	-

	
	[20]
	-
	-
	-
	-18.3
	-
	-
	-

	
	[50]
	-
	-
	-
	-20.1
	-
	-
	-

	
	[100]
	-
	-
	-
	-21.6
	-
	-
	-

	Resource 5 (R1-1812625)
	10-
	--
	-8.5
	-
	-17.4
	-
	-
	-

	
	[20]
	-
	-8.2
	-
	-18.0
	-
	-
	-

	
	[50]
	-
	NA, Pd=47.9%
	-
	-18.2
	-
	-
	-

	
	[100]
	-
	NA, Pd=35.7%
	-
	-18.8
	-
	-
	-

	Resource 6  (R1-1812882)
	10-
	-
	-
	-8.5
	-17.0
	-
	-
	-

	
	[20]
	-
	-
	-
	-18.0
	-
	-
	-

	
	[50]
	-
	-
	-
	-18.0
	-
	-
	-

	
	[100]
	-
	-
	-
	-16.5
	-
	-
	-

	Resource 7  (R1-18131661813889)
	10-
	-
	-
	-
	-17.2
	-
	-
	-

	
	[20]
	-
	-
	-
	-17.6
	-
	-
	-

	
	[50]
	-
	-
	-
	-19.0
	-
	-
	-

	
	[100]
	-
	-
	-
	-20.3
	-
	-
	-

	Resource 8 (R1-1813879)
	10
	-
	-
	-
	-20	Comment by Dan: More explanations may be needed on the difference between the result and other results
	-
	-
	-

	Resource 9  (R1-1813429)
	10-
	-
	-
	-
	-17.0
	-
	-
	-

	
	[20]
	-
	-
	-
	-17.7
	-
	-
	-

	
	[50]
	-
	-
	-
	-18.2
	-
	-
	-

	
	[100]
	-
	-
	-
	-19.2
	-
	-
	-



[Observations:
- When the number of copies per sequence increases from 1 to 50, the required SNR to achieve [90]% detection probability decreases. 
- When the number of copies per sequence is 10, for the 2OS RS (Alt 2 and Alt 3) with comb factor = 1, the required SNRs to achieve [90]% detection probability are [-17, -23.5] dB.]


[bookmark: _Toc528950519]Case 2-2A: Multiple sequences and single RS
Table 7.3.3-1 Minimum SNR required for one-shot detection with [90]% detection probability under [1]% false alarm probability and [1]% error detection probability. For the case when [90]% detection probability cannot be attained, the detection probability at [-10] dB is provided. 4
	Source
	Number of sequences
(N)
	Alt 1: 1OS CSI-RS, comb factor  = 1
	Alt 1: 1OS CSI-RS, comb factor  = 2
	Alt 1: 1OS CSI-RS, comb factor = 4
	Alt 2: 2OS RS, comb factor = 1
	Alt 2: 2OS RS, comb factor = 2
	Alt 2: 2OS RS, comb factor = 4
	Alt 3: 2OS RS

	Resource 1 (R1-1812218)
	1
	-
	-
	-
	-
	-
	-
	-15.2

	
	2
	-
	-
	-
	-
	-
	-
	-15.0

	
	4
	-
	-
	-
	-
	-
	-
	-14.7

	
	8
	-
	-
	-
	-
	-
	-
	-14.1

	Resource 2 (R1-1812439) 5
	1
	-10.6
	-7.8
	-4.6
	-14.5
	-11.5
	-8.5
	-

	
	2
	-10.5
	-7.6
	-4.2
	-14.4
	-11.2
	NA, Pd=58%
	-

	
	4
	-10.3
	-6.8
	-3.2
	-14.2
	-10.9
	NA, Pd=48%
	-

	
	8
	-9.4
	-5.7
	NA, Pd=14%
	-13.8
	-9.7
	NA, Pd=30%
	-

	Resource 3 (R1-1812498)	Comment by Dan: More explanations may be needed on the difference between the result and other results
	1
	-
	-
	-
	-12.8
	-
	-
	-

	
	2
	-
	-
	-
	0
	-
	-
	-

	
	4
	-
	-
	-
	NA, Pd=72.9%
	-
	-
	-

	
	8
	-
	-
	-
	- NA, Pd=69.7%
	-
	-
	-

	Resource 5 (R1-1812625)
	1
	-
	-4.8
	-
	-14.5
	-
	-
	-

	
	2
	-
	-4.2
	-
	-14.3
	-
	-
	-

	
	4
	-
	-2.4
	-
	-14.1
	-
	-
	-

	
	8
	-
	NA, Pd=14.7%
	-
	-13.5
	-
	-
	-

	Resource 6 (R1-1812882)
	1
	-
	-
	-4.8
	-14.2
	-
	-
	-

	
	2
	-
	-
	-4.2
	-14.1
	-
	-
	-

	
	4
	-
	-
	-2.8
	-14.0
	-
	-
	-

	
	8
	-
	-
	3.8
	-13.6
	-
	-
	-

	Resource 7 (R1-1813889)
	1
	-
	-
	-
	-14.3
	-
	-
	-

	
	2
	-
	-
	-
	-14.2
	-
	-
	-

	
	4
	-
	-
	-
	-14.0
	-
	-
	-

	
	8
	-
	-
	-
	-13.3
	-
	-
	-

	Resource 8 (R1-1813879)	Comment by Dan: More explanations may be needed on the difference between the result and other results
	2
	-
	-
	-
	-13
	-
	-
	-

	
	4
	-
	-
	-
	-13
	-
	-
	-

	
	8
	-
	-
	-
	-11
	-
	-
	-


4 Note: Without otherwise noted, the average detection probability is summarized in Table 7.3.3-1 and Table 7.3.4-1, which shows little difference with the worst case detection probability.
5 Note: Resource 2 provides the worst case detection probability in Table 7.3.3-1 and Table 7.3.4-1.

[Observations:
 - With the number of arrived sequences increases, the required SNR to achieve [90]% detection probability increases.
 - When the number of sequences arrived within the detection window increases, the detection performance degradation of the 1OS CSI-RS is more severe than that of the 2OS RS. ]

[bookmark: _Toc528950520]Case 2-2B: Multiple sequences and multiple RSs
Table 7.3.4-1 Minimum SNR required for one-shot detection with [90]% detection probability under [1]% false alarm probability and [1]% error detection probability when the number of copies per sequence is 10. For the case when [90]% detection probability cannot be attained, the detection probability at [-10] dB is provided.
	Source
	Number of sequences (N)
	Number of copies (S)
	Alt 1: 1OS CSI-RS, comb factor  = 1
	Alt 1: 1OS CSI-RS, comb factor  = 2
	Alt 1: 1OS CSI-RS, comb factor = 4
	Alt 2: 2OS RS, comb factor = 1
	Alt 2: 2OS RS, comb factor = 2
	Alt 2: 2OS RS, comb factor = 4
	Alt 3: 2OS RS

	Resource 1 (R1-1812218)
	1
	10
	-
	-
	-
	-
	-
	-
	-18.8

	
	2
	10-
	--
	--
	--
	--
	--
	--15.0
	-18.1

	
	4
	10-
	--
	--
	--
	--
	--
	--14.7
	-16.6

	
	8
	10-
	--
	--
	--
	--
	--
	--14.1
	NA, Pd=87%

	Resource 2 (R1-1812439)
	1
	10
	-15.0
	-11.9
	-8.5
	-17.2
	-13.8
	-9.6
	-

	
	
	[20]
	-16.0
	-12.6
	-8.5
	-18.0
	-14.17
	-9.4
	-

	
	
	[50]
	-16.9
	-13.6
	-7.8
	-19.5
	-16.0
	-8.9
	-

	
	2
	10
	-14.66
	-11.2
	-6.9
	-16.8
	-12.6
	NA, Pd=64%
	-

	
	
	[20]
	-15
	-11.5
	-5.3
	-17
	-12.3
	NA, Pd=58%
	-

	
	
	[50]
	-15.1
	-10
	NA, Pd=42%
	-18
	-11.2
	NA, Pd=45.9%
	-

	
	4
	10
	-13.5
	-8.9
	NA, Pd=28%
	-15.66
	-9.6
	NA, Pd=32%
	-

	
	
	[20]
	-13.2
	-5.5
	NA, Pd=22%
	-14.5
	-9.0
	NA, Pd=24.8%
	-

	
	
	[50]
	-8.5
	NA, Pd=31%
	NA, Pd=14%
	-9.0
	NA, Pd=48%
	NA, Pd=14.2%
	-

	
	8
	10
	-10.6
	NA, Pd=42%
	NA, Pd=12%
	-11.54
	NA, Pd=49%
	NA, Pd=11%
	-

	
	
	[20]
	NA, Pd=72%
	NA, Pd=20%
	NA, Pd=8%
	NA, Pd=74%
	NA, Pd=27%
	NA, Pd=6%
	-

	
	
	[50]
	NA, Pd=34%
	NA, Pd=6%
	NA, Pd=3%
	NA, Pd=32.7%
	NA, Pd=11.6%
	NA, Pd=2.8%
	-

	Resource 3 (R1-1812498)
	1
	10
	-
	-
	-
	-15.5
	-
	-
	-

	
	
	[20]
	-
	-
	-
	-15.7
	-
	-
	-

	
	
	[50]
	-
	-
	-
	-14.0
	-
	-
	-

	
	
	[100]
	-
	-
	-
	NA, Pd=86.5%
	-
	-
	-

	
	2
	10
	-
	-
	-
	-14.2
	-
	-
	-

	
	
	[20]
	-
	-
	-
	-13.7
	-
	-
	-

	
	
	[50]
	-
	-
	-
	NA, Pd=69%
	-
	-
	-

	
	
	[100]
	-
	-
	-
	NA, Pd=34.5%
	-
	-
	-

	
	4
	10
	-
	-
	-
	-10.3
	-
	-
	-

	
	
	[20]
	-
	-
	-
	NA, Pd=56.9%
	-
	-
	-

	
	
	[50]
	-
	-
	-
	NA, Pd=13.7%
	-
	-
	-

	
	
	[100]
	-
	-
	-
	NA, Pd=4.4%
	-
	-
	-

	
	8
	10
	-
	-
	-
	NA, Pd=39.4%
	-
	-
	-

	
	
	[20]
	-
	-
	-
	NA, Pd=18.3%
	-
	-
	-

	
	
	[50]
	-
	-
	-
	NA, Pd=4.4%
	-
	-
	-

	
	
	[100]
	-
	-
	-
	NA, Pd=1.5%
	-
	-
	-

	Resource 4 5 (R1-1812625)
	1
	10
	-
	-7.2
	-
	-16.5
	-
	-
	-

	
	
	[20]
	-
	-6.0
	-
	-16.9
	-
	-
	-

	
	
	[50]
	-
	NA, Pd=27.3%
	-
	-16.2
	-
	-
	-

	
	
	[100]
	-
	NA, Pd=18.0%
	-
	-16.3
	-
	-
	-

	
	2
	10
	-
	-0.94
	-
	-15.8
	-
	-
	-

	
	
	[20]
	-
	NA, Pd=16.1%
	-
	-15.3
	-
	-
	-

	
	
	[50]
	-
	NA, Pd=7.7%
	-
	-5.3
	-
	-
	-

	
	
	[100]
	-
	NA, Pd=3.3%
	-
	NA, Pd=71.9%
	-
	-
	-

	
	4
	10
	-
	NA, Pd=8.9%
	-
	-13.4
	-
	-
	-

	
	
	[20]
	-
	NA, Pd=4.3%
	-
	-4.1
	-
	-
	-

	
	
	[50]
	-
	NA, Pd=1.4%
	-
	NA, Pd=32.6%
	-
	-
	-

	
	
	[100]
	-
	NA, Pd=0.5%
	-
	NA, Pd=15.8%
	-
	-
	-

	
	8
	10
	-
	NA, Pd=2%
	-
	NA, Pd=56.4%
	-
	-
	-

	
	
	[20]
	-
	NA, Pd=0.8%
	-
	NA, Pd=19.0%
	-
	-
	-

	
	
	[50]
	-
	NA, Pd=0.2%
	-
	NA, Pd=5.6%
	-
	-
	-

	
	
	[100]
	-
	NA, Pd=0.1%
	-
	NA, Pd=1.7% 
	-
	-
	-

	Resource 5 6 (R1-1812882)
	1
	10
	-
	-
	-7.5
	-16.4
	-
	-
	-

	
	
	[20]
	-
	-
	-
	-16.4
	-
	-
	-

	
	
	[50]
	-
	-
	-
	-16.0
	-
	-
	-

	
	
	[100]
	-
	-
	-
	-12.6
	-
	-
	-

	
	2
	10
	-
	-
	-3.0
	-15.5
	-
	-
	-

	
	
	[20]
	-
	-
	-
	-15.0
	-
	-
	-

	
	
	[50]
	-
	-
	-
	0.0
	-
	-
	-

	
	
	[100]
	-
	-
	-
	NA, Pd=44.8%
	-
	-
	-

	
	4
	10
	-
	-
	NA, Pd=10.6%
	-13.2
	-
	-
	-

	
	
	[20]
	-
	-
	-
	-4.0 dB
	-
	-
	-

	
	
	[50]
	-
	-
	-
	NA, Pd=20.9%
	-
	-
	-

	
	
	[100]
	-
	-
	-
	NA, Pd=6.4%
	-
	-
	-

	
	8
	10
	-
	-
	NA, Pd=2.4%
	NA, Pd=56.1%
	-
	-
	-

	
	
	[20]
	-
	-
	-
	NA, Pd=15.4%
	-
	-
	-

	
	
	[50]
	-
	-
	-
	NA, Pd=2.6%
	-
	-
	-

	
	
	[100]
	-
	-
	-
	NA, Pd=0.8%
	-
	-
	-

	Resource 6 7 (R1-1813889429)
	1
	10
	-
	-
	-
	-17.2
	-
	-
	-

	
	
	[20]
	-
	-
	-
	-17.6
	-
	-
	-

	
	
	[50]
	-
	-
	-
	-19.1
	-
	-
	-

	
	
	[100]
	-
	-
	-
	-20.2
	-
	-
	-

	
	2
	10
	-
	-
	-
	-16.4
	-
	-
	-

	
	
	[20]
	-
	-
	-
	-16.2
	-
	-
	-

	
	
	[50]
	-
	-
	-
	-15.5
	-
	-
	-

	
	
	[100]
	-
	-
	-
	-12.0
	-
	-
	-

	
	4
	10
	-
	-
	-
	-14.2
	-
	-
	-

	
	
	[20]
	-
	-
	-
	-4.5
	-
	-
	-

	
	
	[50]
	-
	-
	-
	NA, Pd=45%
	-
	-
	-

	
	
	[100]
	-
	-
	-
	NA, Pd=17%
	-
	-
	-

	
	8
	10
	-
	-
	-
	NA, Pd=60%
	-
	-
	-

	
	
	[20]
	-
	-
	-
	NA, Pd=23%
	-
	-
	-

	
	
	[50]
	-
	-
	-
	NA, Pd=5%
	-
	-
	-

	
	
	[100]
	-
	-
	-
	NA, Pd=1%
	-
	-
	-

	Resource 8 (R1-1813879)
	2
	10
	-
	-
	-
	-19
	-
	-
	-

	
	4
	10
	-
	-
	-
	-17
	-
	-
	-

	
	8
	10
	-
	-
	-
	-12	Comment by Dan: More explanations may be needed on the difference between the result and other results
	-
	-
	-



[Observations:
- Increasing the number of copies does not necessarily improve the detection performance.
- For different number of arrived sequences, there exists optimal number of copies per sequences:
· When 1 sequence is arrived, the optimal number of copies per sequence is between 20 and 50 [3][5][6]; the optimal number of copies per sequence is larger than 50 [2][7]. 6
· When 2 sequences are arrived, the optimal number of copies per sequence is between 10 and 20 [3][5][6][7]; the optimal number of copies per sequence is larger than 50 [2].
· When 4 sequences are arrived, the optimal number of copies per sequence is between 10 and 20 [2][3][7]; the optimal number of copies per sequence is between 1 and 10 [5][6].
· When 8 sequences are arrived, the optimal number of copies per sequence is between 1 and 10 [2][3][5][6][7].
- When 8 sequences arrived within the detection window and each sequence contains 10 copies, the detection probability barely attains [90]%.
- When 4 sequences with 20 copies per sequence are arrived within the detection (i.e., total 80 sequences are arrived), the detection probability is better than that when 8 sequences with 10 copies per sequence are arrived.
6 Note: The evaluation results of [2] and [7] are generally better than that from other resources. The possible reason may lie in that they use longer detection windows. For [2], 3 detection windows are used to detect the 2OS RS, and each detection window is 2OS-length; [7] uses a 2OS-length detection window, the detection is implemented twice, and a 1OS-length detection window is used for each time.]

[bookmark: _Toc522801837]Conclusions for evaluation
[ Based on the above evaluations, the following conclusions are drawn:
1. To ensure high detection probability, the number of RSs sharing the same sequence within a detection window should not be too large, i.e., the number of gNBs that share the same set ID should not be too large.
2. The detection probability of the 2OS RS outperforms that of the 1OS CSI-RS for Cases 1, 2-1, 2-2A, and 2-2B, which can be adopted as the RIM RS.]
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Revision comments

				Date		Version		Company		Comments

				2018.10.12		0.0		CMCC 		Document created as in R1-1812061

				2018.10.16		1.0		CMCC 		Tables modified according to RAN1 #94bis agreement

				2018.10.19		1.1		CMCC 		Tables modified according to email discussion comments: Added Pd(avg or worst case); Added note for more evaluation values for m; modifed the note about not reaching target performance

				2018.10.30		1.2		Ericsson		Inclusion of simulation results

				2018.10.31		1.3		CMCC 		Inclusion of simulation results

				2018.11.2		1.4		CATT		Inclusion of simulation results

				2018.11.5		1.5		Nokia		Inclusion of simulation results for Case 1

				2018.11.7		1.6		Intel		Inclusion of simulation results

				2018.11.8		1.7		Nokia		TDL-E results are replaced by 1Rx results

				2018.11.8		1.8		Huawei, Hisilicon		Inclusion of simulation results

				2018.11.8		1.9		Huawei, Hisilicon		Clarification of PAPR threshold setting for simulation cases

				2018.11.9		2.0		Qualcomm		Inclusion of simulation results

				2018.11.9		2.1		ZTE		Inclusion of simulation results

				2018.11.11		2.2		CMCC 		Remodify the format

				2018.11.12		2.3		CMCC 		Capture the  simulation results from updated contributions from Ericsson and CEWiT















RS sequece & Detection methods

				Table 1 Collection of RS sequence design

				Note: Companies explain detailed RS seqeunce design here and use the index 
RS-x to provide evaluation resuls in the following four sheets

				RS Alternative		RS		Details		Company

				Alt 1		RS-1.1		1) RS sequence: length 153 Gold sequence;
2) Bandwidth and frequency pattern: The RS sequence maps to the frequency resource every 4 REs;
3) Time pattern: The RS contains 1 OFDM symbol.		CMCC, ZTE

						RS-1.2		1) RS sequence: length 306 Gold sequence;
2) Bandwidth and frequency pattern: The RS sequence maps to the frequency resource every 2 REs;
3) Time pattern: The RS contains 1 OFDM symbol.		CATT, ZTE

						RS-1.3		1) RS sequence: length 600 Gold sequence
2) Bandwidth and frequency pattern: 20 MHz (50 RBs) with comb-1 
3) Time pattern: One OFDM symbol		Nokia

						RS-1.4		1) RS sequence: length 300 Gold sequence
2) Bandwidth and frequency pattern: 20 MHz (50 RBs) with comb-2  
3) Time pattern: One OFDM symbol		Nokia

						RS-1.5		1) RS sequence: length 150 Gold sequence
2) Bandwidth and frequency pattern: 20 MHz (50 RBs) with comb-4  
3) Time pattern: One OFDM symbol		Nokia

						RS-1.6		1) RS sequence: length 612 Gold sequence
2) Bandwidth and frequency pattern: 20 MHz (51 RBs) with comb-1  
3) Time pattern: One OFDM symbol		ZTE

				Alt 2		RS-2.1		1) RS sequence: length 600 Gold sequence
2) Bandwidth and frequency pattern: 20 MHz (50 RBs) with comb-1  
3) Time pattern: The RS contains 2 OFDM symbols, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences.		Ericsson, Intel

						RS-2.1		1) RS sequence: length 612 Gold sequence;
2) Bandwidth and frequency pattern: The RS sequence fully occupies the subcarriers;
3) Time pattern: The RS contains 2 OFDM symbols, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences.		CATT, CMCC, ZTE

						RS-2.2		1) RS sequence: length 300 Gold sequence
2) Bandwidth and frequency pattern: 20 MHz (50 RBs) with comb-2  
3) Time pattern: The RS contains 2 OFDM symbols, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences.		Nokia

						RS-2.3		1) RS sequence: length 150 Gold sequence
2) Bandwidth and frequency pattern: 20 MHz (50 RBs) with comb-4  
3) Time pattern: The RS contains 2 OFDM symbols, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences.		Nokia

						RS-2.4		1) RS sequence: length 306 Gold sequence;
2) Bandwidth and frequency pattern: The RS sequence maps to the frequency resource every 2 REs;
3) Time pattern: The RS contains 2 OFDM symbols, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences.		ZTE

						RS-2.5		1) RS sequence: length 153 Gold sequence;
2) Bandwidth and frequency pattern: The RS sequence maps to the frequency resource every 4 REs;
3) Time pattern: The RS contains 2 OFDM symbols, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences.		ZTE

						RS-2.6		1) RS sequence: length 512 Gold sequence
2) Bandwidth and frequency pattern:  The RS sequence occupies at the center of 512 subcarriers;
3) Time pattern: The RS contains 2 OFDM symbols, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences.		CEWiT

				Alt 3		RS-3.1		1) RS sequence: length 600/150 Gold sequence;
2) Bandwidth and frequency pattern: The RS sequence occupies at the center of 600/150 subcarriers;
3) Time pattern: The RS contains 2~4 OFDM symbols, where 2~4 copies of the RS sequence are concatenated. The 2~4 copies are multiplied with different phase rotation factor to guarantee cyclic characteristics in time domain, and each copy is with one CP attached at the beginning of the copy.		Huawei, HiSilicon

						RS-3.2		1) RS sequence: length 512 Gold sequence;
2) Bandwidth and frequency pattern: The RS sequence occupies at the center of 512 subcarriers;
3) Time pattern: The RS contains 2~4 OFDM symbols, where 2~4 copies of the RS sequence are concatenated. The 2~4 copies are multiplied with different phase rotation factor to guarantee cyclic characteristics in time domain, and each copy is with one CP attached at the beginning of the copy.		CEWiT

						Table 2 Collection of detection methods

						Note: Companies explain detailed detection method here and use the index 
DetectMethod-x to provide evaluation resuls in the following four sheets

						Detect Method		Details
At least including detection window length, detection complexity(symbol or sample level, etc),  decision variable (PAPR, max peak or SINR, etc)		Company

						DetectMethod-1:  FFT/IFFT based correlation + PAPR		1) 1OS Symbol-level detector: FFT/IFFT transforms based correlation algorithm with full-copy of time-domain signal used to generate local replica signal;
2) using PAPR (denotes the maximum correlation peak to the average correlation power ratio)  to generate the decision variable.		CMCC, CATT

						DetectMethod-1a:  FFT/IFFT based correlation + PAPR		
1) (N-1) OS Symbol-level: N is the OS number of RIM-RS. FFT/IFFT transforms based correlation algorithm with full-copy of time-domain signal used to generate local replica signal;
2) using PAPR (denotes the maximum correlation peak to the average correlation power ratio)  to generate the decision variable.
3) Different PAPR thresholds optimized for different simulation cases		Huawei, HiSilicon

						DetectMethod-1c: FFT/IFFT based correlation + PAPR		1) FFT/IFFT transforms based correlation algorithm with full-copy of time-domain signal used to generate local replica signal;
2) using PAPR to generate the decision variable;
3) slideing detection window symbol by symbol to get 3 detection windows,in each detection window, there are N OS RIM-RS,N is the OS number of RIM-RS,but in each detection window,N PAPRs are calculated using N OS RIM-RS data individually, and the largest PAPR is chosen as the PAPR of  the detection window，and the biggest PAPRof the 3 detection window is chosen as the final decision value.		ZTE

						DetectMethod-2:  FFT/IFFT based correlation + maximum peak searching		1) For the 2OS PRACH-like RS, the local replica sequence in the time domain is the 1-OFDM-symbol signal; Threshold is set to give slightly less than 1% Pf. Interference is estimated using only REs occupied by the RS.
2) By performing FFT, the received sequence and local replica sequence are transformed to the frequency domain to implement the correlation.  		Ericsson

						DetectMethod-3:  FFT/IFFT based correlation, coherent combining/accumulation of repetitions, decision variable generated based on Chebyshev’s inequality		1) 1OS Symbol-level: the local replica sequence is a single repetition taken from the full length time-domain signal. E.g., in case of FFT/IFFT size of 1024, comb-4 RS and sequence length of 150, the length of local replica sequence is 256.
2) Coherent combining/accumulation of repetitions within a detection window of length 1OS + phase rotation compensation. By performing FFT, the received sequence and local replica sequence are transformed to the frequency domain to implement the correlation.		Nokia

						DetectMethod-4: FFT/IFFT correlation + correlation peak with knowledge of the interference plus noise power		Correlation peak assuming the interference-plus-noise statistics (power) is known at the receiver so that the threshold is scaled properly (the false alarm and detection error probabilities are always satisfied)		Intel

						DetectMethod-5:  FFT/IFFT based correlation + maximum peak searching (not scaled by the interference and noise power)		1) 1OS Symbol-level detector: FFT/IFFT transforms based correlation algorithm with full-copy of time-domain signal used to generate local replica signal;
2) using the (only) maximum correlation peak as the decision variable to obtain the threshold, which is not scaled by the interference and noise power.		CMCC
(for Case 2-1)

CEWiT





Case 1 Pd

				Table 3  Evaluation results for Case 1 - Minimum SNR (dB) achieving 90% detection probability under 1% false alarm rate 

				Tdoc /
Source		Reported parameters				Evaluated RS type

						Detection method		Pd 		RS-2.1		RS-2.2		RS-2.3		RS-2.4		RS-2.5		RS-2.6		RS-1.1		RS-1.2		RS-1.3		RS-1.4		RS-1.5		RS-1.6		RS-3.1		RS-3.2

				R1-1813889 / Ericsson		DetectMethod-2		Average Pd		-14.3

								Worst case Pd		-14.3

						Additional comments: almost same Pd for average and worst case scenarios

				R1-1812882 / 
CMCC		DetectMethod-1		[90]%		-14.8												-5.8 

						Additional comments (e.g., other parameters)

				R1-1812625 / 
CATT		DetectMethod-1		[90]%		-15.0														-5.7

						Additional comments (e.g., other parameters): Average is used for Pd calculation

				R1-1813465 / Nokia
		DetectMethod-3		Worst Pd (1Rx)		-14.6		-11.3		-8.0												-13.3		-9.8		-6.5

								Worst Pd (2Rx)		-17.2		-13.4		-10.1												-15.7		-12.2		-8.7

						Additional comments: In case of comb-4 and comb-2 RSs, RS power boosting is NOT used. 

				R1-1812498 /
 Intel		DetectMethod-4		Average Pd		-13.6

				R1-1812218 / Huawei, HiSilicon		DetectMethod-1a		Average Pd																										(-17 dB) for rep=2 OS
(-19 dB) for rep=3 OS
(-20.5 dB) for rep=4 OS

						Additional information: PAPR Threshold A optimized for Case 1

				R1-1813429 / 
Qualcomm		DetectMethod-1		[90]%		-15.0												-12.6		-12.6

						Comb 4 and Comb 2 consider the power boosting

				R1-1812439 / 
ZTE		DetectMethod-1c		Worst Pd		-14.5						-11.5		-8.5				-4.6		-7.8								-10.6

						Additional comments (worst Pd, and the average case is not given here, but they both are similar)

				R1-1812498 /
CEWiT		DetectMethod-5		Average Pd												-14																-14





Case 2-1 Pd

				Table 4  Evaluation results for Case 2-1 - Minimum SNR (dB) achieving 90% detection probability under 1% false alarm rate 

				Note *: S=10 as starting point , other  values are encouraged to be provided

				Tdoc /
Source		Reported parameters				Number of total RSs within the window 
(S) *		Evaluated RS type

						Detection method		Pd 				RS-2.1		RS-2.4		RS-2.5		RS-2.6		RS-1.1		RS-1.2		RS-1.6		RS-3.1

				R1-1813889 / Ericsson		DetectMethod-2		Average Pd		S=10		-17.2								-		-

										S=20		-17.6								-		-

										S=50		-19.0								-		-

										S=100		-20.3								-		-

								Worst Pd		S=10		-17.2								-		-

										S=20		-17.6								-		-

										S=50		-19.0								-		-

										S=100		-20.3								-		-

						Additional comments: almost same Pd for average and worst case scenarios

				R1-1812882 / CMCC		DetectMethod-1		[90]%		S = 10		-17 								-8.5 

										S = [20]		-18

										S = [50]		-18

										S = [100]		-16.5

						DetectMethod-5		[90]%		S = 10		-18.6

										S = [20]		-20.2 

										S = [50]		-22.1 

										S = [100]		-23.5 

						Additional comments (e.g., other parameters)

				R1-1812625 / 
CATT		DetectMethod-1		Average Pd		S=10		-17.4								-		-8.5

										S=20		-18.0								-		-8.2

										S=50		-18.2								-		NA; Pd=47.9%@-10dB

										S=100		-18.8								-		NA; Pd=35.7@-10dB

						Additional comments: Average is used for Pd calculation.

				R1-1812498 /  Intel		DetectMethod-4		Average Pd		S=[2]		-14.2

										S=[5]		-15.7

										S=10		-17.1

										S=[20]		-18.3

										S=[50]		-20.1

										S=[100]		-21.6

				R1-1812218 / Huawei, HiSilicon		DetectMethod-1a		Average Pd		S = 10																
(-23.5 dB) for rep=2 OS
(-25.5 dB) for rep=3 OS
(-26.5  dB) for rep=4 OS

										S = 20

										S = 50

										S = 100

						Additional information: PAPR Threshold B1 optimized for Case 2-1

				R1-1813429 / Qualcomm		DetectMethod-1		Average Pd		S=10		- 17 		-		-

										S=20		-17.7 		-		-

										S=50		-18.2 		-		-

										S=100		-19.2 		-		-

						Additional comments (e.g., other parameters)

				R1-1812439 / 
ZTE
		DetectMethod-1c		Worst Pd		S = 10		-17.2		-13.8		-9.6				-8.5		-11.9		-15

										S = [20]		-18		-14.17		-9.4				-8.5		-12.6		-16

										S = [50]		-19.5		-16		-8.9				-7.8		-13.6		-16.9

						Additional comments (worst case, and the average case is not given here, but they both are similar)

				R1-1812498 /
CEWiT		DetectMethod-5		Average Pd		S=10								-20





Case 2-2A Pd&Pe

				Table 5  Evaluation results for Case 2-2A - Minimum SNR (dB) achieving 90% detection probability under [1]% false alarm rate and [1]% detection error probability

				Note: When 90% detection probability cannot be achieved, provide the actual achieved detection and error detection probability at [-10]dB

				Tdoc /
Source		Reported parameters				Number of sequences arrived within the window 
(n)		Evaluated RS type

						Detection method		Pd 				RS-2.1		RS-2.4		RS-2.5		RS-2.6		RS-1.1		RS-1.2		RS-1.6		RS-3.1 (20 MHz)		RS-3.1 (5 MHz)

				R1-1813889 / Ericsson		DetectMethod-2		Average Pd		n = 1, N_seq=8		-14.3 								-		-

										n = 2, N_seq=8		-14.2 								-		-

										n = 4, N_seq=8		-14.0								-		-

										n = 8, N_seq=8		-13.3 								-		-

								Worst Pd		n = 1, N_seq=8		-14.3 								-		-

										n = 2, N_seq=8		-14.2 								-		-

										n = 4, N_seq=8		-13.9 								-		-

										n = 8, N_seq=8		-13.2 								-		-

								Average Pd		n = 1, N_seq=16		-14.2								-		-

										n = 2, N_seq=16		-14.2								-		-

										n = 4, N_seq=16		-14.0								-		-

										n = 8, N_seq=16		-13.3 								-		-

								Worst Pd		n = 1, N_seq=16		-14.3 								-		-

										n = 2, N_seq=16		-14.2 								-		-

										n = 4, N_seq=16		-13.9 								-		-

										n = 8, N_seq=16		-13.3 								-		-

								Average Pd		n = 1, N_seq=32		-14.3 								-		-

										n = 2, N_seq=32		-14.2 								-		-

										n = 4, N_seq=32		-14.0								-		-

										n = 8, N_seq=32		-13.3 								-		-

								Worst Pd		n = 1, N_seq=32		-14.3 								-		-

										n = 2, N_seq=32		-14.2 								-		-

										n = 4, N_seq=32		-13.9 								-		-

										n = 8, N_seq=32		-13.2 								-		-

						Additional comments: almost same Pd for average and worst case scenarios

				R1-1812882 / CMCC		DetectMethod-1		Worst case		n = 1		-14.1 								-4.5

										n = 2		-14.1 								-4

										n = 4		-14 								-2.6

										n = 8		-13.6								4

								Average		n = 1		-14.2								-4.8 

										n = 2		-14.1								-4.2 

										n = 4		-14								-2.8

										n = 8		-13.6								3.8 

						Additional comments (e.g., other parameters)

				R1-1812625 / CATT		DetectMethod-1		Average Pd		n = 1, N_seq=8		-14.5								-		-4.8

										n = 2, N_seq=8		-14.3								-		-4.2

										n = 4, N_seq=8		-14.1								-		-2.4

										n = 8, N_seq=8		-13.5								-		NA; Pd=14.7%@-10dB

								Average Pd		n = 1, N_seq=16		-14.3								-		-4.5

										n = 2, N_seq=16		-14.2								-		-3.8

										n = 4, N_seq=16		-13.9								-		-2.1

										n = 8, N_seq=16		-13.3								-		NA; Pd=11.5%@-10dB

								Average Pd		n = 1, N_seq=32		-14.2								-		-4.4

										n = 2, N_seq=32		-13.9								-		-3.7

										n = 4, N_seq=32		-13.7								-		-1.9

										n = 8, N_seq=32		-13.1								-		NA; Pd=10%@-10dB

						Additional comments: Average is used for Pd calculation.

				R1-1812498 /  Intel		DetectMethod-4		Average Pd		n = 1, N_seq=8		-12.8

										n = 2, N_seq=8		0 

										n = 4, N_seq=8		NA; 72.9% at -10dB

										n = 8, N_seq=8		NA; 69.7% at -10dB

				R1-1812218 / Huawei, HiSilicon		DetectMethod-1a		Average Pd		n = 1, N_seq=8																-15.2		-9.5

										n = 2, N_seq=8																-15		-8.7

										n = 4, N_seq=8																-14.7		-7.5

										n = 8, N_seq=8																-14.1		N.A 
@-10dB Pd = 0.37
@-10dB Pe = 0.005

						Additional information: PAPR Threshold B2 optimized for Case 2-2A and Case 2-2B

				R1-1812439 / 
ZTE
		DetectMethod-1c		Worst Pd		n = 1		-14.5		-11.5		-8.5				-4.6		-7.8		-10.6

										n = 2		-14.4		-11.2		NA; 69.7% at -10dB				-4.2		-7.6		-10.5

										n = 4		-14.17		-10.9		@-10dB,Pd=0.48				-3.2		-6.8		-10.3

										n = 8		-13.77		-9.7		@-10dB,Pd=0.3				@-10dB,Pd=0.14		-5.7		-9.4

						Additional comments (worst Pd, and the average case is not given here, but they both are similar)

				R1-1812498 /
CEWiT		DetectMethod-5		Average Pd		n = 2								-13

										n=4								-13

										n=8								-11





Case 2-2B Pd&Pe

				Table 6  Evaluation results for Case 2-2B - Minimum SNR (dB） achieving 90% detection probability under [1]% false alarm rate and [1]% detection error probability

				Note: When 90% detection probability cannot be achieved, provide the actual achieved detection and error detection probability at [-10]dB
Note *: m=10 as starting point , other  values are encouraged to be provided

				Tdoc /
Source		Reported parameters				Number of sequences arrived within the window 
(n)		Number of RS copies using the same sequence
(m)*		Evaluated RS type

						Detection method		Pd 						RS-2.1		RS-2.4		RS-2.5		RS-2.6		RS-1.1		RS-1.2		RS-1.6		RS-3.1 (20 MHz)		RS-3.1 (5 MHz)

				R1-1813889 / Ericsson		DetectMethod-2		Worst case		n = 1		m = 10		-17.2

												m = 20		-17.6

												m = 50		-19.1

												m = 100		-20.2

										n = 2		m = 10		-16.4

												m = 20		-16.2

												m = 50		-15.5

												m = 100		-12.0

										n = 4		m = 10		-14.2

												m = 20		-4.5

												m = 50		Pd 0.45 at -10 dB and Pd 0.5 at high SNR

												m = 100		Pd 0.17 at -10 dB and Pd 0.18 at high SNR

										n = 8		m = 10		Pd 0.6 at -10 dB and Pd 0.78 at high SNR

												m = 20		Pd 0.23 at -10 dB and Pd 0.28 at high SNR

												m = 50		Pd 0.05 at -10 dB and Pd 0.06 at high SNR

												m = 100		Pd 0.01 at -10 dB and also at high SNR

								Average case		n = 1		m = 10		-17.2

												m = 20		-17.6

												m = 50		-19.1

												m = 100		-20.2

										n = 2		m = 10		-16.4

												m = 20		-16.2

												m = 50		-15.7

												m = 100		-12.2

										n = 4		m = 10		-14.5

												m = 20		-9.3

												m = 50		Pd 0.56 at -10 dB and Pd 0.61 at high SNR

												m = 100		Pd 0.29 at -10 dB and Pd 0.3 at high SNR

										n = 8		m = 10		Pd 0.68 at -10 dB and Pd 0.85 at high SNR

												m = 20		Pd 0.31 at -10 dB and Pd 0.36 at high SNR

												m = 50		Pd 0.1 at -10 dB and also at high SNR

												m = 100		Pd 0.03 at -10 dB and also at high SNR

				R1-1812882 / CMCC		DetectMethod-1		Worst case		n = 1		m = 10		-16.3								-7.1 

												m = [20]		-16.4 

												m = [50]		-15.9 

												m = [100]		-12 

										n = 2		m = 10		-15.2 								-3 

												m = [20]		-15 

												m = [50]		2 

												m = [100]		N.A 
@-10dB Pd (worst case) = 0.4323

										n = 4		m = 10		-13 								N.A 
@-10dB Pd (worst case) = 0.0977

												m = [20]		-3.8 

												m = [50]		N.A 
@-10dB Pd (worst case) = 0.1990

												m = [100]		N.A 
@-10dB Pd (worst case) = 0.0605

										n = 8		m = 10		N.A 
@-10dB Pd (worst case) = 0.5560								N.A 
@-10dB Pd (worst case) = 0.0225

												m = [20]		N.A 
@-10dB Pd (worst case) = 0.1447

												m = [50]		N.A 
@-10dB Pd (worst case) = 0.0240

												m = [100]		N.A 
@-10dB Pd (worst case) = 0.0069

								Average		n=1		m = 10		-16.4 								-7.5 

												m = [20]		-16.4 

												m = [50]		-16 

												m = [100]		-12.6 

										n=2		m = 10		-15.5 								-3 

												m = [20]		-15 

												m = [50]		0 

												m = [100]		N.A 
@-10dB Pd (average) = 0.4482

										n=4		m = 10		-13.2 								N.A 
@-10dB Pd (average) = 0.1059

												m = [20]		-4 

												m = [50]		N.A 
@-10dB Pd (average) = 0.2093

												m = [100]		N.A 
@-10dB Pd (average) = 0.0635

										n=8		m = 10		N.A 
@-10dB Pd (average) = 0.5612								N.A 
@-10dB Pd (average) = 0.0242

												m = [20]		N.A 
@-10dB Pd (average) = 0.1542

												m = [50]		N.A 
@-10dB Pd (average) = 0.0260

												m = [100]		N.A 
@-10dB Pd (average) = 0.0077

						Additional comments (e.g., other parameters)



				R1-1812625 / CATT		DetectMethod-1		Average case		n = 1		m = 10		-16.5										-7.2

												m = 20		-16.9										-6

												m = 50		-16.2										NA; Pd=27.3% @-10dB

												m = 100		-16.3										NA; Pd=18.0% @-10dB

										n = 2		m = 10		-15.8										-0.94

												m = 20		-15.3										NA; Pd=16.1% @-10dB

												m = 50		-5.3										NA; Pd=7.7% @-10dB

												m = 100		NA; Pd=71.9% @-10dB										NA; Pd=3.3% @-10dB

										n = 4		m = 10		-13.4										NA; Pd=8.9% @-10dB

												m = 20		-4.1										NA; Pd=4.3% @-10dB

												m = 50		NA; Pd=32.6% @-10dB										NA; Pd=1.4% @-10dB

												m = 100		NA; Pd=15.8% @-10dB										NA; Pd=0.5% @-10dB

										n = 8		m = 10		NA; Pd=56.4% @-10dB										NA; Pd=2.0% @-10dB

												m = 20		NA; Pd=19.0% @-10dB										NA; Pd=0.8% @-10dB

												m = 50		NA; Pd=5.6% @-10dB										NA; Pd=0.2% @-10dB

												m = 100		NA; Pd=1.7% @-10dB										NA; Pd=0.1% @-10dB

				R1-1812498 /  Intel		DetectMethod-4		Average Pd		n = 1		m = 10		-15.5

												m = [20]		-15.7

												m = [50]		-14.0

												m = [100]		NA; 86.5% at -10dB

										n = 2		m = 10		-14.2

												m = [20]		-13.7

												m = [50]		NA; 69.0% at -10dB

												m = [100]		NA; 34.5% at -10dB

										n = 4		m = 10		-10.3

												m = [20]		NA; 56.9% at -10dB

												m = [50]		NA; 13.7% at -10dB

												m = [100]		NA; 4.4% at -10dB

										n = 8		m = 10		NA; 39.4% at -10dB

												m = [20]		NA; 18.3% at -10dB

												m = [50]		NA; 4.4% at -10dB

												m = [100]		NA; 1.5% at -10dB

				R1-1812218/Huawei, HiSilicon		DetectMethod-1a		Average Pd		n = 1		m = 10																-18.8		-11.9

										n = 2		m = 10																-18.1		-7.5

										n = 4		m = 10																-16.6		N.A 
@-10dB Pd = 0.24
@-10dB Pe = 0.005

										n = 8		m = 10																N.A 
@-10dB Pd = 0.87
@-10dB Pe = 0.005		N.A 
@-10dB Pd = 0.06
@-10dB Pe = 0.005

						Additional information: PAPR Threshold B2 optimized for Case 2-2A and Case 2-2B

				R1-1812439 / 
ZTE
		DetectMethod-1c		Worst Pd		n = 1		m = 10		-17.2		-13.8		-9.6				-8.5		-11.9		-15

												m = [20]		-18		-14.17		-9.4				-8.5		-12.6		-16

												m = [50]		-19.5		-16		-8.9				-7.8		-13.6		-16.9

										n = 2		m = 10		-16.8		-12.6		@-10dB,Pd=0.64				-6.9		-11.2		-14.66

												m = [20]		-17		-12.3		@-10dB,Pd=0.58				-5.3		-11.5		-15

												m = [50]		-18		-11.2		@-10dB,Pd=0.459				@-10dB,Pd=0.42		-10		-15.1

										n = 4		m = 10		-15.66		-9.6		@-10dB,Pd=0.32				@-10dB,Pd=0.28		-8.9		-13.5

												m = [20]		-14.5		-9		@-10dB,Pd=0.248				@-10dB,Pd=0.22		-5.5		-13.2

												m = [50]		-9		@-10dB,Pd=0.48		@-10dB,Pd=0.142				@-10dB,Pd=0.14		@-10dB,Pd=0.31		-8.5

										n = 8		m = 10		-11.54		@-10dB,Pd=0.49		@-10dB,Pd=0.11				@-10dB,Pd=0.12		@-10dB,Pd=0.42		-10.6

												m = [20]		@-10dB,Pd=0.74		@-10dB,Pd=0.27		@-10dB,Pd=0.06				@-10dB,Pd=0.08		@-10dB,Pd=0.2		@-10dB,Pd=0.72

												m = [50]		@-10dB,Pd=0.327		@-10dB,Pd=0.116		@-10dB,Pd=0.028				@-10dB,Pd=0.03		@-10dB,Pd=0.06		@-10dB,Pd=0.34

						Additional comments (worst Pd, and the average case is not given here, but they both are similar)

				R1-1812498 /
CEWiT		DetectMethod-5		Average Pd		n = 2		m = 10								-19

										n=4		m = 10								-17

										n=8		m = 10								-12






