[bookmark: _Hlk506115943]3GPP TSG RAN WG1 Meeting #95						 		         R1- 1812882
Spokane, USA, November 12th – 16th, 2018

Agenda item:	7.2.5.1
Source: 	CMCC
Title: 	Evaluation results for RIM
Document for:	Discussion and Decision
Introduction
[bookmark: _Hlk506118555]In RAN 1 #94 meeting, general simulation assumptions were agreed with some remaining issues on additional simulation case and simulation metric [1]. In RAN 1 #94bis meeting, Case 2-2B was agreed as the baseline simulation case to evaluate the detection performance where multiple sequences with multiple copies are arrived within the detection window. Performance metric under each case was also agreed to be provided. In addition, more evaluation assumptions, regarding the definitions of false alarm probability, detection probability and reference SNR, were also aligned for the fair comparison of the RIM RS evaluation [2].
In this contribution, we present the evaluation results for Cases 1, 2-1, 2-2A and 2-2B. The detection performance of the 2OS RS is compared to that of the 1OS CSI-RS with comb factor 4. This contribution is an update of our previous contribution R1-1811638.

Detection algorithm
2.1 Detector
In the evaluation, the symbol-level detector is adopted, and the length of the detection window is 1 OFDM symbol. The arrived sequence within the detection window is first transformed to the frequency domain by FFT, and then the frequency domain correlation is implemented. For both the 2OS RS and the 1OS CSI-RS, the local replica sequences are their RS sequences in the frequency domain. To be specific, for the 2OS RS, the local replica is the 612-length of RS sequence that fully occupies the subcarriers, and for the 1OS CSI-RS, it is the 153-length of RS sequence that maps to frequency resources every 4 REs.
2.2 Decision variable
Without otherwise noted, the correlation peak to average power ratio is used as the decision variable to obtain the threshold. Note that a certain range around the correlation peak (e.g., 10% of the FFT size) is considered as the “correlation signal”, and is removed when computing the average power.

Evaluation results for RIM RS
3.1 Simulation parameters
Table 1. Simulation parameters.
	Parameter 
	Value

	SCS
	30 kHz

	Bandwidth
	20 MHz

	gNB MIMO configuration
	1T1R

	Frequency offset
	0 Hz

	RS sequence
	pseudo random sequence in 38.211 section 5.2.1

	Length of RS sequence
	612 (for Alt 2), 153 (for Alt 2)

	FFT size
	1024

	Initial phase
	[10, 46, 118, 190, 327, 402, 511, 680]

	RS time-frequency pattern
	Alt 1: 1OS CSI-RS
- Time pattern: 1 OFDM symbol, comb factor = 4
- Frequency pattern: 153-length of RS sequence maps to frequency resources every 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: 612-length of RS sequence that fully occupies the subcarriers

	Length of detection window
	1 OFDM symbol

	Detection algorithm
	Symbol-level detector

	Decision variable
	Correlation peak to average power ratio

	Channel model
	AWGN with random complex phase

	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].


3.2 Evaluation cases and results
Case 1: Single sequence and single RS
In Figure 1, the solid line shows the detection probability of the 2OS RS, and the dash lines show the detection probability of the 1OS CSI-RS. The required SNRs to attain [90]% detection probability are summarized in Table 2. Comparing to the result of the 1OS CSI-RS without power boosting, the 2OS RS provides a 9 dB gain. With power boosting, the 1OS CSI-RS can obtain a 6 dB gain; however, the 2OS RS still has a 2.8 dB gain when the detection probability attains [90]%.
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Figure 1. The probability of detection as a function of SNR. Number of sequence is 1 and the copy per sequence is 1.
Table 2. Minimum SNR required for one-shot detection with [90]% detection probability under [1]% false alarm rate.
	RS
	Required SNR

	Alt 1: 1OS CSI-RS, comb factor = 4, wo power boosting
	-5.8 dB

	Alt 1: 1OS CSI-RS, comb factor = 4, w power boosting
	-12 dB

	Alt 2: 2OS RS
	-14.8 dB


Observation 1: For Case 1, the minimum SNRs that achieve detection probability of [90]% are -14.8 dB for 2OS RS, -5.8 dB for 1OS CSI-RS with no power boosting, and -12 dB for 1OS CSI-RS with power boosting.
Case 2-1: Single sequence and multiple RSs
[bookmark: _Hlk525899858][bookmark: _Hlk525899849]It is observed from Figure 2 and Table 3 that when the number of copies per sequence is increased from 1 to 10, the probability of detection is enhanced. For the 2OS RS, the detection probability of 90% is obtained at SNR = -17 dB. For the 1OS CSI-RS, the probability of detection of 90% is attained at SNR = -8.5 dB without power boosting, and at SNR = -14.5 dB with power boosting.
[image: ]
Figure 2. The probability of detection as a function of SNR. Number of sequence is 1 and the number of copies per sequence is 10.
Table 3. Minimum SNR required for one-shot detection with [90]% detection probability under [1]% false alarm rate.
	RS
	Required SNR

	Alt 1: 1OS CSI-RS, comb factor = 4, wo power boosting
	-8.5 dB

	Alt 1: 1OS CSI-RS, comb factor = 4, w power boosting
	-14.5 dB

	Alt 2: 2OS RS
	-17 dB


Observation 2: For Case 2-1, when the number of copies per sequence is increased to 10, the minimum SNR that required to achieve detection probability of [90]% decreases.
Observation 3: For Case 2-1, the minimum SNR that achieves detection probability of [90]% are -17 dB for 2OS RS, -8.5 dB for 1OS CSI-RS with no power boosting, and -14.5 dB for 1OS CSI-RS with power boosting.
The detection probability with respect to the number of copies per sequence is illustrated in Figure 3. The results of using the correlation peak to average power ratio as the decision variable is compared to that of using the maximum correlation peak. From our previous evaluations, the correlation peak to average power ratio is necessary for Cases 2-2A and 2-2B to suppress the error detection probability. However, for Case 2-1 where the whole network supports only 1 sequence, by using the correlation peak to average power ratio as the decision variable, the correlation peaks caused by other copies of the sequence except the maximum one are treated as the “noise” and “interference”. Therefore, with the number of copies increases, the detection probability degrades, as shown by the dash line in Figure 3. In contrast, if the maximum correlation peak is used as the decision variable in such a case, the detection probability enhances with the increase of the number of copies.
More evaluation results of using the two decision variables for Case 2-1 are shown in the Annex.
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Figure 3. The probability of detection as a function of number of copies. The SNR is fixed at -16 dB.
Observation 4: For Case 2-1, when using the correlation peak to average power ratio as the decision variable, the detection probability decreases with the increase of the number of copies per sequence; when using the maximum correlation peak as the decision variable, the detection probability improves with the increase of the number of copies per sequence.
Case 2-2A: Multiple sequences and single RS
Figure 4 depicts the minimum detection probability among the 8 sequences and the error detection probability versus the SNR. According to the agreement in RAN 1#94bis meeting, when multiple sequences are supported in the same time-frequency resource in the network, the total false alarm rate should be under the requirement of [1]%. Therefore, in Cases 2-2A and 2-2B, the threshold is higher than that in Cases 1 and 2-1, which indicates that when 1 sequence is arrived within the detection window, the required SNR to obtain [90]% detection probability is slightly decreases, which is -14.1 dB.
It is noted from Figure 4 and Table 5 that, with the increase of the number of arrived sequences, the detection probability decreases. For the 2OS RS, the required SNRs to achieve [90]% detection probability when different number of sequences arrived do not vary much; while for the 1OS CSI-RS, the difference of required SNRs among different number of arrived sequences is more significant.
Evaluation results of the average detection probability versus the SNR are shown in the Annex.
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Figure 4. The detection probability and error detection probability as a function of SNR. The detection probability shows the minimum detection probability among 8 sequences. Number of copies per sequence is 1.
Table 5 Minimum SNR required for one-shot detection with [90]% detection probability under [1]% false alarm rate and [1]% error detection probability.
	Metric
	RS

	
	Alt 1: 1OS CSI-RS, comb factor = 4
	Alt 2: 2OS RS

	
	#ArriSeq = 1
	#ArriSeq = 2
	#ArriSeq = 4
	#ArriSeq = 8
	#ArriSeq = 1
	#ArriSeq = 2
	#ArriSeq = 4
	#ArriSeq = 8

	min Pd
	-4.5 dB
	-4 dB
	-2.6 dB
	4 dB
	-14.1 dB
	-14.1 dB
	-14 dB
	-13.6 dB

	avg Pd
	-4.8 dB
	-4.2 dB
	-2.8 dB
	3.8 dB
	-14.2 dB
	-14.1 dB
	-14 dB
	-13.6 dB


Observation 5: For Case 2-2A, with increase of the number of arrived sequences, the detection probability degrades.
Observation 6: Comparing the results of the 2OS RS and 1OS CSI-RS, the performance degradation of the 1OS CSI-RS when the number of arrived sequences increases is more severe than that of the 2OS RS.
Case 2-2B: Multiple sequences and multiple RSs
For Case 2-2B, the minimum detection probability among 8 sequences and the error detection probability is shown in Figure 5 as a function of the SNR. It is seen that when the number of copies per sequence is 10, the detection probability significantly decreases with the increase of the number of arrived sequences. For the 2OS RS, when 8 sequences arrived, the detection probability barely achieves [90]%. For the 1OS CSI-RS, the performance degradation is more severe.
Evaluation results of the average detection probability versus the SNR, and more evaluation results of the detection probability parameterized by the number of copies are shown in the Annex.
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Figure 5. The detection probability and error detection probability as a function of SNR. The detection probability shows the minimum detection probability among 8 sequences. Number of copies per sequence is 10.
Table 6. Minimum SNR required for one-shot detection with [90]% detection probability under [1]% false alarm rate and [1]% error detection probability. For the case when [90]% detection probability cannot be attained, the detection probability at [-10] dB is provided.
	Metric
	RS

	
	Alt 1: 1OS CSI-RS, comb factor = 4
	Alt 2: 2OS RS

	
	#ArriSeq = 1
	#ArriSeq = 2
	#ArriSeq = 4
	#ArriSeq = 8
	#ArriSeq = 1
	#ArriSeq = 2
	#ArriSeq = 4
	#ArriSeq = 8

	min Pd
	-7.1 dB
	-3 dB
	N/A
min Pd @[-10]dB = 0.0977
	N/A
min Pd @[-10]dB = 0.0225
	-16.3 dB
	-15.2 dB
	-13 dB
	N/A
min Pd @[-10]dB =0.5560

	avg Pd
	-7.5 dB
	-3 dB
	N/A
avg Pd @[-10]dB = 0.1059
	N/A
avg Pd @[-10]dB = 0.0242
	-16.4 dB
	-15.5 dB
	-13.2 dB
	N/A
avg Pd @[-10]dB = 0.5618


Observation 7: For Case 2-2B, the detection probability significantly decreases with the increase of the number of arrived sequences and the number of copies per sequence. 
Observation 8: When 8 sequences arrived and the number of copies per sequence is 10, the detection probability of the 2OS RS barely attains [90]%. When 4 and 8 sequences arrived and the number of copies per sequence is 10, the detection probability of the 1OS CSI-RS barely attains [90]%.
Proposal 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.
Observation 9: For Cases 1, 2-1, 2-2A, and 2-2B, the detection probability of the 2OS RS outperforms that of the 1OS CSI-RS.
[bookmark: _GoBack]Proposal 2: The 2OS RS is adopted as the RIM RS.

Conclusions
In this contribution, we discuss on the evaluation results for RIM RS under Cases 1, 2-1, 2-2A and 2-2B. Based on the above discussions, the observations and proposals are as follows:
Observation 1: For Case 1, the minimum SNR that achieves detection probability of [90]% are -14.8 dB for 2OS RS, -5.8 dB for 1OS CSI-RS with no power boosting, and -12 dB for 1OS CSI-RS with power boosting.
Observation 2: For Case 2-1, when the number of copies per sequence is increased to 10, the minimum SNR that required to achieve detection probability of [90]% decreases.
Observation 3: For Case 1, the minimum SNR that achieves detection probability of [90]% are -17 dB for 2OS RS, -8.5 dB for 1OS CSI-RS with no power boosting, and -14.5 dB for 1OS CSI-RS with power boosting.
Observation 4: For Case 2-1, when using the correlation peak to average power ratio as the decision variable, the detection probability decreases with the increase of the number of copies per sequence; when using the maximum correlation peak as the decision variable, the detection probability improves with the increase of the number of copies per sequence.
Observation 5: For Case 2-2A, with increase of the number of arrived sequences, the detection probability degrades.
Observation 6: Comparing the results of the 2OS RS and 1OS CSI-RS, the performance degradation of the 1OS CSI-RS when the number of arrived sequences increases is more severe than that of the 2OS RS.
Observation 7: For Case 2-2B, the detection probability significantly decreases with the increase of the number of arrived sequences and the number of copies per sequence. 
Observation 8: When 8 sequences arrived and the number of copies per sequence is 10, the detection probability of the 2OS RS barely attains [90]%. When 4 and 8 sequences arrived and the number of copies per sequence is 10, the detection probability of the 1OS CSI-RS barely attains [90]%.
Observation 9: For Cases 1, 2-1, 2-2A, and 2-2B, the detection probability of the 2OS RS outperforms that of the 1OS CSI-RS.
Proposal 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.
Proposal 2: The 2OS RS is adopted as the RIM RS.
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Annex
Case 2-1
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Figure 6. The detection probability of using the correlation peak to average power ratio as the decision variable. The curves are parameterized with the number of copies per sequence.
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Figure 7. The detection probability of using the maximum correlation peak as the decision variable. The curves are parameterized with the number of copies per sequence.
Case 2-2A
[image: ]
Figure 8. The detection probability and error detection probability as a function of SNR. The detection probability shows the average detection probability of 8 sequences. Number of copies per sequence is 1.
Case 2-2B
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Figure 9. The detection probability and error detection probability as a function of SNR. The detection probability shows the average detection probability of 8 sequences. Number of copies per sequence is 10.
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Figure 10. The detection probability as a function of SNR. The curves are parameterized with the number of copies per sequence. The detection probability shows the minimum detection probability among 8 sequences. 
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