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1. Introduction
This is the revision of the document R1-1813879 with updates in tables.
The following agreements have been made in RAN1 Meeting #94b [2] regarding evaluation of RIM RS. 
Agreements:
· Change the agreement from RAN1#94 related to detection window simulation assumption to: Length of detection window WdetLsymbol: to be provided
· [bookmark: _GoBack]Change the agreement from RAN1#94 related to RS delay model to: Delay of received RS: When one or multiple RSs arrive in the detection window, tThe arrival time of the i-th 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.
· Clarify that the power of the received RS in case of single RS (Case 1) is set to the reference power P0 and hence is not varying over time.
Agreements:
· For fair comparison of evaluation results, more evaluations assumptions need to be aligned.
· Performance metrics are evaluated at reference SNR, the reference SNR is defined as follows:
· SNRref(dB)=P0(dBm)-N(dBm)
· whereP0 is the reference receiver power and N is the noise power bothwithin the length of 1 OFDM symbol.
· 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 simulation, the detector (window length and sliding granularity) should be consistent when calculating false alarm and detection probability
· For different detectors, the false alarm rate will be scaled proportionallyover the detection duration
· For symbol-level detector, the detection duration is the length of the detection window 
· E.g. For 1 OS symbol-level detection window, the false alarm rate is [0.5%]
· For sample-level detector, the detection duration is the number of symbols that the detection window is sliding over plus detection window length.
· E.g. For 1 OS sample-level detection window sliding from symbol 0 to 1, the false alarm rate is [1%]
Agreements:
· Clarify that 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 ofat 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.
· Note that symbol-level detection requires less complexity at the expense of lower detection probability
· 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 case 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.
· Detection algorithm should be declared, at least including 
· Symbol-level or sample-level sliding detection window, etc
· how decision variable is calculated (e.g. PAPR or max peak, etc)

Agreements:
· Add Case 2-2B as simulation case, and provide results under various number of copies per sequence to reflect the impact of number of gNBs that share the same set ID on detection probability.
· 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.
· Modify the Table 7-1 in TR
Table 7-1 Simulation cases for RIM RS design
	
	Total number of sequences used in the same time-frequencyresource in the 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 
(S)

	Case 1
	1
	1
	1
	1

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

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

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

	
	NOTE 1: Separate simulation runs



Agreements:
· Add “Error detection probability”, which is defined as the detected sequence IDs do not match with the sequence IDs actually arrived within the detection window, as the other metric for RIM RS evaluation. 
· [bookmark: __Fieldmark__8174_370902585][bookmark: __Fieldmark__10951_164602726][bookmark: __Fieldmark__6391_370902585][bookmark: __Fieldmark__8184_370902585][bookmark: __Fieldmark__10956_164602726][bookmark: __Fieldmark__6398_370902585]The metric is counted as follows: Pe=max_n{1,2,4}Perr,n, where Perr,nis the probability of detecting at least one sequence different from all the one(s) that actually arrived within the detection window, and n is the number of sequences arriving within the window given in Table 7.1 in the TR.
Agreements:
· The pseudo-random sequence (length-31 Gold sequence) specified in NR is adopted as the RIM RS sequence

Agreements:
· Time-domain circular characteristics should be satisfied for NR-RIM design. The following alternatives are used for further evaluation.
· Alt 1: 1 symbol RS using existing CSI-RS with comb-like structure in frequency-domain; 
· Comb factor = 2 and 4;
· Alt 2: 2 symbol RS, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences; 
· Alt 3: 2 symbol RS, 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.
· Note that Alt 2 and Alt 3 may be identical in terms of performance. It is claimed that Alt 3 can use the same FFT as PDSCH generation. Under proper CP design, Alt 2 can also use the same FFT as PDSCH generation.

For the above-mentioned cases, the RIM-RS has been evaluated in the following sections. 

2. RIM-RS transmission and detection 
The RIM-RS consists of PN sequence of length 512. Consecutive resource elements in frequency domain are filled with the RS. The RS is repeated in time domain maintaining the circularity and transmitted. At the receiver, the detection window is of one OFDM symbol duration. The received signal in the detection window is correlated with all the possible RSs that can be transmitted. The threshold is based on the maximum peak of the received signal. A RS sequence is considered to be detected if the correlation coefficient is greater that the threshold value. For different SNRs, the threshold is varied and the probability of false alarm and detection are calculated. 

3. Simulation Results
3.1.  Comparison between alternative 2 and alternative 3
We performed a comparative study between alt. 2 and alt. 3 for 1 RS sequence as shown in Fig. 1. The minimum SNR satisfying the criteria is -14 dB for both the cases. It shows that the performance is same in both the cases. 

[image: ]
Fig.1 Detection probability vs. False alarm probability for 1 sequence for alt. 2 and alt. 3

Observation 1: Performance wise alt. 2 and alt. 3 are the same.

3.2. Evaluation results for Case 1
In this case, only 1 RIM-RS sequence is transmitted and detected in the detection window for various values of SNR and threshold. As shown in Fig. 2, the curve of detection probability vs. false alarm probability shifts upwards as the SNR increases. The minimum SNR satisfying 1% false alarm and 90% probability of detection is -14 dB.
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Fig.2 Detection probability vs. False alarm probability for 1 sequence and 1 copy

3.3. Evaluation results for Case 2-1
In this case, 1 RS sequence with 10 copies and different delays are received in the detection window. Fig. 3 shows the plots of detection probability vs. false alarm probability for 2 different values of SNRs. For SNR of -20 dB, the criteria of 1% false alarm and 90% probability of detection is satisfied. As compared to case 1, there is 6 dB improvement in performance. 
[image: E:\CEWiT\NewResultsRIM\fig1.jpg]

Fig. 3 Detection probability vs. False alarm probability for 1 sequence and 10 copies

	Number of copies of RIM-RS
	Minimum SNR in dB

	10
	-20



Table 1: The minimum SNR to satisfy 1% false alarm and 90% probability of detection criteria for 10 copies of RIM-RS

Observation 2:The performance improves as the number of copies of received RS is increased to 10 as compared to only 1.

3.4. Evaluation results for Case 2-2
3.4.1. Case 2-2A
In this case, 2, 4 and 8 RS sequences (different from each other) are transmitted. Only one copy of each RS sequence is received. Fig. 4and 5 show the detection probability vs. false alarm probability for 2 and 4 sequences respectively. The minimum SNR satisfying the criteria of 1% false alarm, 1% error probability and 90% probability of detection is around -13 dB in both cases. 
[image: E:\CEWiT\NewResultsRIM\fig2.jpg]

Fig.4 Detection probability vs. False alarm probability for 2 sequences and 1 copy


[image: E:\CEWiT\NewResultsRIM\fig4.jpg]

Fig.5 Detection probability vs. False alarm probability for 4 sequences and 1 copy

Fig. 6 shows the detection probability vs. false alarm probability for 8 sequences. The minimum SNR satisfying the criteria of 1% false alarm, 1% error probability and 90% probability of detection is -11 dB. The results are tabulated in table 2.

[image: E:\CEWiT\NewResultsRIM\fig6.jpg]
Fig.6 Detection probability vs. False alarm probability for 8 sequences and 1 copy


	Number of Copies
	Number of RIM-RS
	Minimum SNR in dB

	1
	2
	-13.4

	1
	4
	-13

	1
	8
	-11



Table 2: The minimum SNR to satisfy 1% false alarm and 90% probability of detection criteria for 2, 4, 8 sequences of RIM-RS

It is observed from table 2 that the minimum SNR to satisfy the 1% false alarm and 90% probability of detection criteria for 2 sequences is more (-13.4 dB) as compared to 1 sequence (-14 dB). 

Observation 3: Higher SNR is required to satisfy the 1% false alarm and 90% probability of detection criteria when the number of RS sequences increase.

3.4.2. Case 2-2B
In this case, 2, 4 and 8 RS sequences (different from each other) are transmitted with 10 copies of each RS. The 10 copies are with different delays. Fig. 7, 8 and 9 show the detection probability vs. false alarm probability for 2, 4 and 8 RS sequences with 10 copies respectively. Table 3 tabulates all the results.


[image: E:\CEWiT\NewResultsRIM\fig3.jpg]
Fig. 7 Detection probability vs. False alarm probability for 2 sequences and 10 copies


[image: E:\CEWiT\NewResultsRIM\fig5.jpg]
Fig. 8 Detection probability vs. False alarm probability for 4 sequences and 10 copies


[image: E:\CEWiT\NewResultsRIM\fig7.jpg]

Fig. 9 Detection probability vs. False alarm probability for 8 sequences and 10 copies


	Number of Copies
	Number of RIM-RS
	Minimum SNR in dB

	10
	2
	-18

	10
	4
	-17

	10
	8
	-12



Table 3: The minimum SNR to satisfy 1% false alarm and 90% probability of detection criteria for 2, 4, 8 sequences of RIM-RS

The results show that the performance improves as compared to the 1 copy of received RS as stated in observation 2.

4. Conclusion
The following observations are made in the contribution.
Observation 1: Performance wise alt. 2 and alt. 3 are the same.

Observation 2: The performance improves as the number of copies of received RS is increased to 10 as compared to only 1. 

Observation 3: Higher SNR is required to satisfy the 1% false alarm and 90% probability of detection criteria when the number of RS sequences increase.
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Annexure A: Simulation Assumptions

	Parameter
	Value

	SCS
	30 KHz

	Simulation BW
	20 MHz

	gNB MIMO configuration
	1T1R

	FFT size
	1024

	Length of detection window
	1 OFDM symbol

	Channel model
	AWGN with random complex phase


Note: All the other parameters are as per the agreements.
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