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1	Introduction
During 3GPP RAN1 #94bis, following agreements have been made on the simulation evaluation of reference signals in the NR-RIM frameworks [1]. 
Agreements:
· Change the agreement from RAN1#94 related to detection window simulation assumption to: Length of detection window WdetLsymbol: to be provided
· 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)
· where P0 is the reference receiver power and N is the noise power both within 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 proportionally over 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 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.
· 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-frequency resource 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. 
· The metric is counted as follows: Pe=max_n{1,2,4}Perr,n, 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, 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.

In this contribution, we are providing the simulation results as well as simulation parameters especially for the single RS case. We are also providing the details on the detection algorithm used for the evaluation. .  
2	RS design consideration for RIM
Within a single network, the bandwidth of the RIM-RS can be configured based on the network deployment and policies. However, RIM is also required between networks in the different region or countries. There are several studies on the inter-nation RI [2]. Thus, in order to be used without central coordination or political negotiation, different spectrum allocation may be impacted to RI detection. Thus, it is beneficial to define a minimum bandwidth of RIM-RS with respect to the operating bands. In the current specification, 5 or 10 MHz of bandwidth are defined as a minimum bandwidth for NR deployment. Also, the bandwidth of the RIM-RS can be multiples of minimum bandwidth, to be detected for all allocation. If we use this as one grid of RIM-RS, based on measurement of RI per each grid, RIM-RS bandwidth can be determined. 
The subcarrier spacing of the carrier can be different in a band per networks, so it is also beneficial to have a single reference subcarrier spacing for RIM-RS which is the minimum in a operating band. If 15kHz with comb-4 structure is applied, it can be received as two symbol RIM-RS with 30kHz subcarrier spacing. Thus, such comb-type patterns is good to be applicable to systems with different numerologies. Also, if we use comb-type structure, by using different subcarrier offset, interference can be reduced. Though there is small loss from the short sequence length, since we can use power boosting in each REs, the comb-type structure can exploit the gain from interference avoidance.

Due to large time delay of RIM-RS, there are several proposals to apply additional time-domain repetition to extend the contiguous OFDM signal pattern. This is beneficial to reduce the additional effort for obtaining timing of the RIM-RS. Also, it may be useful to improve the SNR of the received signal, and result in better detection performance. However, longer signal may impacted to the interference for RIM-RS detection as well as the interference to the UEs downlink reception of the aggressive cells. In addition, the aggressive cell may not fully receive RIM-RS due to DL/UL switching time. 
Thus, for reducing ambiguity of RIM-RS pattern when inter-operator case, it is helpful to use a single RIM-RS pattern regardless of the numerology. 
3	Detection Algorithm
The used detection algorithm is able to utilize efficiently the time domain repetition structure of a RS with a frequency comb pattern by coherently combining any received repetitions within a single detection window. More detailed description of the used detection algorithm is given below.
3.1 Generation of local replica signals
For all different base sequences used in the network, the following steps are performed:
· Step-1: Based on the used sequence length and comb pattern, allocate RS symbols to active subcarriers of an OFDM symbol in frequency domain.
a. In case of a comb RS structure, comb shift of zero can be always assumed, i.e., the RS is allocated starting from the first RE in a PRB.
· Step-2: Perform full length IFFT (e.g. 1024). Depending on the used comb pattern and sequence length, the obtained full length time domain signal consist of different number of repetitions. Figure 1 shows the full length time domain signal in case of a RS with comb-4 pattern.
· Step-3: In case of a time domain repetition structure, take a single time domain repetition and perform FFT of length . In case of a sequence length of 150 and comb-4 pattern, the used FFT size is 256. Obtained frequency domain RS is used as the local replica signal in a detector for frequency domain correlation.
[image: ]
Figure 1: Structure of a time domain signal in case of comb-4 RS pattern and FFT/IFFT size of 1024.
3.2 Algorithm description of sequence detection
For sequence detection and correlation in frequency domain, the frequency domain RSs obtained in step-3 in Section 3.1 are used. The following steps are performed for every base sequence hypothesis and for all detection windows.
· Step-1: Coherent combining/accumulation of received repetitions within a detection window. How many repetitions can be combined depends on the delay of RS and the RS repetition structure as illustrated in Figure 2.
· For coherent combining of repetitions, phase rotation has to be taken into account. In case a comb RS pattern, phase rotation depends on the used comb shift/offset. As used comb shift is unknown in the detector, all possible comb shift hypothesis have to be tested. Based on the current comb shift hypothesis, the phase of a received signal within a detection window is rotated in sample level as the delay of RS is unknown.
· After phase rotation, coherent combining of repetitions can be performed as illustrated in Figure 3.
· Step-2: FFT length of  is performed to combined signals of every comb shift hypothesis. 
· Step-3: Correlation in frequency domain against local replica signal for every comb shift hypothesis.
· The local replica signal is generated using comb shift zero.
· Step-4: Combining of correlation outputs of every comb shift hypothesis.
· Or select the results with highest peak.
· Step-5: Combine correlation outputs of each Rx antenna port, if any. 
· Or select the Rx antenna port with highest peak.
· Step-6: Given target false alarm probability, calculate detection threshold.
· The used detection threshold calculation is based on Chebyshev’s inequality.
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Figure 2: Received single OFDM symbol comb-4 RSs from a single detection window point of view. In case of IFFT/FFT size of 1024 and comb-4 RS pattern, an OFDM symbol is divided to four parts of length 256.
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Figure 3: Combining of repetitions after phase rotation has been compensated in case of comb-4 RS and IFFT/FFF size of 1024.

3.3 Algorithm description of comb shift detection
The algorithm described in Section 3.2 is for sequence detection and it cannot detect the actual comb shift of a received RS nor the delay of received RS (timing estimation). However, comb shift can be detected along with the estimation of delay of an RS by additional complexity, if so desired. It should be noted that if detection of a comb shift or estimating the delay of an RS is not required, additional steps and complexity described below can be skipped.
In order to detect the comb shift of a received RS, full length time domain replica signals with all possible comb shifts have to be generated and used for correlation. These full length time domain signals are generated as described in Section 3.1 step-2, but for all different comb shifts.
· If a sequence is correctly detected using the algorithm described in Section 3.2, detection window in which the sequence was detected and the peak position with the resolution of the sequence length are known. Based on this information, there are a finite set of possible RS locations, depending on the RS length and comb pattern. Hence, sample-by-sample correlation is not required. Assuming that multiple consecutive detection windows are used, a RS is likely to be detected in the detection window in which most of the RS energy has arrived. Hence, in case of a single OFDM symbol RS with comb-4 pattern, there are five different location hypothesis of the received RS as illustrated in Figure 4.
· All possible location hypothesis are tested with all possible comb shift hypothesis by performing correlation in time domain against full time domain replica signal for each comb shift.
· Select the highest correlation result. This correlation result indicates the comb shift of the detected RS along with the exact timing estimation (delay of RS).
[image: ]
Figure 4: There are five different RS location hypothesis in case of comb-4 1 OS RS and multiple consecutive detection windows. Other locations can be captured by adjacent detection windows. In this example, the delay offset of a sequence with a resolution of 256 is zero.

3.4 Sequence generation
The pseudo-random sequence (length-31 Gold sequence) specified in NR is used as the RIM RS sequence.
The following initialization  values are selected: {5, 11, 22, 46, 74, 144, 194, 364} based on evaluation of the cross-correlation. 
4	Link-level Evaluations for Case 1
In this Section, we have performed simulations for the Case 1. The general simulation assumptions are shown in Appendix A.
We have considered several types of RSs for RIM detection. One option is reusing the comb-4 pattern of NR CSI-RS for mobility, then different single OFDM symbol RSs with different sequence lengths and comb patterns, and finally two symbol long PRACH-like RSs with different sequence lengths and comb patterns. The detection performance of several single OFDM symbol RS patterns and two OFDM symbol PRACH-like RS patterns are studied in detail in Sections 4.1 and 4.2, respectively.   

Illustration of a simulation window is shown in Figure 5. As multiple consecutive detection windows are used within a simulation window, all received RSs are present in a single or multiple detection windows. Hence all sequences arrived within a simulation window are counted for detection probability regardless of the delay of RS.

[bookmark: _Hlk528582571]Calculation of detection probability: Pdet_k = Prob{sequence k is detected in a detection window | sequence k is present in the simulation window}.

As there are multiple detection windows within a simulation window, a sequence can be detected in a single detection window or in multiple detection windows. If a sequence is detected in multiple adjacent detection windows, it is still counted only once for the detection probability.

Calculation of miss detection probability: Pmiss_k = Prob{sequence k is NOT detected in the simulation window | sequence k is present in the simulation window}.

As miss detection probability is complementary to detection probability, it can be also calculated as: Pmiss_k = 1 - Pdet_k. Hence it is not shown in the evaluations. 

Calculation of false alarm probability: Pfa_k= Prob{sequence k is detected in a detection window | sequence k is NOT present in the simulation window}.
4.1 	Single OFDM symbol RS
[bookmark: _Hlk528592784]In this Section, detection performance of single OFDM symbol RS patterns are studied in detail. More specifically, the following are studied:
· Impact of number of sequence hypothesis in detector
· Impact of comb shifts of a RS
· Detection performance of comb shifts
· Impact of number of detection windows on detection performance
· Impact of number of Rx antennas on detection performance
· Detection performance in TDL-E-30ns and AWGN channels
· Impact of different sequence lengths and comb patterns with and without power boosting
General simulation parameters are shown in Table 1 and the used simulation setup is shown in Figure 5. 
Table 1: General simulation parameters for single OFDM symbol RS
	[bookmark: _Hlk527973036]Parameter
	Value

	Time pattern
	Single OFDM symbol

	Detection window length [Wsym]
	1 OFDM Symbol (FFT size + CP length)

	Simulation window length
	3 OFDM symbols

	Correlator type
	Fixed window (symbol-by-symbol), correlation in frequency domain, utilizing RS time domain repetition structure if any

	 Delay of received RS
	Random delay per TTI between [-Lsym Lsym], where Lsym is the length of an UL OFDM symbol (FFT size + CP)

	Reference power
	0 dB

	RS power boosting
	Not used, unless otherwise stated




[bookmark: _Hlk527974259][image: ]
Figure 5: Simulation setup for 1OS RS. Simulation window length of 3 OFDM symbols and delay of received RS between [-Lsym Lsym].

4.1.1 	Impact of number of sequence hypothesis in detector
In this Section, impact of number of sequence hypothesis in receiver is studied. 
[bookmark: _Hlk527974527]Table 2: Additional parameters for impact of number of sequence hypothesis in receiver
	[bookmark: _Hlk527974346]Parameter
	Value

	Sequence Length
	150

	Frequency pattern
	Comb-4

	Comb shift
	1

	Time pattern
	Single OFDM symbol

	RS pattern
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	Channel model
	AWGN with random complex phase

	Antenna configuration 
	1T1R

	Number of Detection windows
	5

	Number of sequence hypothesis
	1, 4, 8





[image: ]
Figure 6: Evaluation result for impact of number of sequence hypothesis in receiver

[bookmark: _Hlk527974658]Observation 1: Number of sequence hypothesis in the receiver has an impact on false alarm probability. When keeping the false alarm probability fixed, greater number of sequence hypothesis reduces detection probability of a sequence.
[bookmark: _Hlk527974769]Since greater number of sequence hypothesis used in receiver reduces detection rate when keeping the false alarm probability fixed, we use 8 sequence hypothesis for the rest of the document.
4.1.2 	Impact of comb-shift of a RS with a comb frequency pattern
A RS with a comb pattern can be transmitted with different comb shifts. For example, comb-4 pattern can be transmitted with four different RE shifts. In this Section we have evaluated performance of a comb-4 RS pattern with all possible comb shifts.
Table 3: Additional parameters for impact of comb-shift of a RS with a comb frequency pattern
	Parameter
	Value

	Sequence Length
	150

	Frequency pattern
	Comb-4

	Comb shift
	0, 1, 2, 3

	Time pattern
	Single OFDM symbol

	RS pattern
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	Channel model
	AWGN with random complex phase

	Antenna configuration 
	1T1R

	Number of Detection windows
	5

	Number of sequence hypothesis
	8



[image: ]
[bookmark: _Hlk527978917]Figure 7: Evaluation result for impact of comb-shift of a RS with a comb frequency pattern

Observation 2: In case of a RS with a comb frequency pattern, all possible comb shifts results in the same detection performance.
Since all possible comb shifts results in the same detection performance, we use comb shift 1 for the rest of the document in case of a RS with a comb structure.
4.1.3 Detection of a comb-shift
In this section we have evaluated comb shift detection performance using simulation parameters presented in Tables 1 and 3. The algorithm described in Section 3.3 is used.
[image: ]
Figure 8: [Case 1] Performance of comb-shift detection.
[bookmark: _GoBack]Comb-shift detection performance is roughly the same as sequence detection performance in Figure 8. This means that when a sequence is correctly detected, also comb-shift can be correctly detected.
Observation 3: When a sequence is detected correctly, also RS comb shift can be detected correctly.
[bookmark: _Hlk527979267]4.1.4 	Impact of number of detection windows on detection performance
[bookmark: _Hlk528592892]Depending on the RS pattern and length of the RS, number of detection windows used within the simulation window may have an impact on the detection performance. In case of simulation window of length 3 OFDM symbols and a single OFDM symbol RS, at least three detection windows, each covering a single OFDM symbol, are required so that an RS with an arbitrary delay between [-Lsym Lsym] can be detected efficiently as shown in Figure 5. However, if an 1 OS RS arrives in between of two detection detection windows, only 50% of the total RS energy can be captured by a single detection window. Hence it might be beneficial to place more detection windows, which are somewhat overlapping. 
In this Section, impact of three, five and nine detection windows on detection performance is studied. Placement of detection windows in case of three and five detection windows is illustrated in Appendix B.
Table 4: Additional parameters for impact of number of detection windows on detection performance
	Parameter
	Value

	Sequence Length
	150

	Frequency pattern
	Comb-4

	Comb shift
	1

	Time pattern
	Single OFDM symbol

	RS pattern
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	Channel model
	AWGN with random complex phase

	Antenna configuration 
	1T1R

	Number of Detection windows
	3, 5, 9

	Number of sequence hypothesis
	8




[image: ]
Figure 9: Evaluation result for impact of number of detection windows on single symbol NR CSI-RS detection performance
Increasing number of detection windows from three to five and nine improves the detection performance by 1.7 dB and 2.3 dB, respectively. When taking also complexity into account, good number of detection windows is five for a single symbol RS in case of RS delay between [-Lsym Lsym].
Observation 4: In case of a single OFDM symbol RS and simulation window length of three OFDM symbols, good number of detection windows is five when the delay of received RS is between [-Lsym Lsym] .
We use five detection windows for the rest of the document in case of a single OFDM symbol RS.
[bookmark: _Hlk527983250]4.1.5 	Impact of number Rx antennas on detection performance
If a receiver is equipped with multiple Rx antennas, combining correlation results of the used Rx antennas can improve detection performance. Achieved gain depends on how the combination is done and there are different ways to do the combining, simplest being selection of the result with highest peak or PAPR value.
Table 5: Additional parameters for impact of number Rx antennas on detection performance
	[bookmark: _Hlk527980536]Parameter
	Value

	Sequence Length
	150

	Frequency pattern
	Comb-4

	Comb shift
	1

	Time pattern
	Single OFDM symbol

	RS pattern
	[image: ]


	Channel model
	AWGN with random complex phase

	Antenna configuration 
	1T1R, 1T2R, 1T4R

	Number of Detection windows
	5

	Number of sequence hypothesis
	8


[image: ]
Figure 10: Evaluation result for impact of number Rx antennas on detection performance
Increasing number of Rx antennas from one to two and four improves the detection performance by 2.2 dB and 3.8 dB, respectively. This is due to practical and non-ideal combining of correlator outputs from multiple Rx ports.
Observation 5: In case of a single OFDM symbol RS, increasing number of Rx antennas from one to two and four improves the detection performance by 2.2 dB and 3.8 dB, respectively.
4.1.6 	Comparison of TDL-E-30ns channel model and AWGN with random complex phase
In this Section, impact of TDL-E-30ns channel on detection performance is compared to AWGN channel with random complex phase.
Table 6: Additional parameters for comparing channel models of TDL-E-30ns and AWGN with random complex phase
	[bookmark: _Hlk527981078]Parameter
	Value

	Sequence Length
	150

	Frequency pattern
	Comb-4

	Comb shift
	1

	Time pattern
	Single OFDM symbol

	RS pattern
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	Channel model
	AWGN with random complex phase
TDL-E-30ns

	Antenna configuration 
	1T1R, 1T2R

	Number of Detection windows
	5

	Number of sequence hypothesis
	8



[image: ]
Figure 11: Evaluation result for comparing channel models of TDL-E-30ns and AWGN with random complex phase
Observation 6: In TDL-E-30ns channel, detection performance is degraded by 1.1 dB and 0.9 dB compared to AWGN channel in case of 1 and 2 Rx antennas, respectively.
[bookmark: _Hlk528139819]4.1.7 	Impact of different sequence lengths and comb patterns on detection performance without power boosting
In this section detection performance of sequence lengths of 150, 300 and 600 is studied without RS power boosting. Sequence lengths 150, 300 and 600 are transmitted using comb-4, comb-2 and comb-1 patterns, respectively. As power RS power boosting is not used, comb-4 and comb-2 patterns are transmitted with four and two times less power compared to comb-1 pattern, respectively.
[bookmark: _Hlk527981643]Table 7: Additional simulation parameters for impact of different sequence lengths and comb patterns on detection performance without power boosting
	Parameter
	Value

	Sequence Length
	150, 300, 600

	Frequency pattern
	Comb-4, Comb-2, Comb-1

	Comb shift
	1

	Time pattern
	Single OFDM symbol

	RS pattern
	[image: ]
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	Channel model
	AWGN with random complex phase

	Antenna configuration 
	1T1R

	Number of Detection windows
	5

	Number of sequence hypothesis
	8

	RS power boosting
	Not used
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Figure 12: Evaluation result for impact of different sequence lengths and comb patterns on detection performance without RS power boosting
Without RS power boosting, increasing sequence length from 150 to 300 improves detection performance by 3.3 dB and increasing sequence length from 300 to 600 further improves detection performance by 3.4 dB.
Observation 7: In case of a single OFDM symbol RS without RS power boosting, when sequence length and overhead is doubled, roughly 3.3 dB gain can be observed.
4.1.8 	Impact of different sequence lengths and comb patterns on detection performance with power boosting
In this Section, the same simulation setup is used as in previous Section 4.1.7, but now with RS power boosting. To have equal transmit power for different comb patterns, power of comb-4 RS is boosted by 6 dB while power of comb-2 RS is boosted by 3 dB.
Table 8: Additional simulation parameters for impact of different sequence lengths and comb patterns on detection performance with power boosting
	Parameter
	Value

	Sequence Length
	150, 300, 600

	Frequency pattern
	Comb-4, Comb-2, Comb-1

	Comb shift
	1

	Time pattern
	Single OFDM symbol

	RS pattern
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	Channel model
	AWGN with random complex phase

	Antenna configuration 
	1T1R

	Number of Detection windows
	5

	Number of sequence hypothesis
	8

	RS power boosting
	Comb-4: 6 dB
Comb-2: 3 dB
Comb-1: 0 dB


[image: ]
Figure 13: Evaluation result for impact of different sequence lengths and comb patterns on detection performance with RS power boosting
With RS power boosting, increasing sequence length from 150 to 300 improves detection performance by 0.2 dB and increasing sequence length from 300 to 600 further improves detection performance by 0.5 dB.
Observation 8: In case of a single OFDM symbol RS with RS power boosting, when sequence length and overhead is doubled, only negligible gain can be observed.
[bookmark: _Hlk527982502]4.2 	Two OFDM symbol PRACH-like RS
In this Section, detection performance of two OFDM symbol PRACH-like RS patterns are studied in detail. More specifically, the following are studied:
· Impact of number of detection windows on detection performance
· Impact of number of Rx antennas on detection performance
· Impact of different sequence lengths and comb patterns with and without power boosting

General simulation parameters are shown in Table 9 and the used simulation setup is shown in Figure 14. 
Table 9: General simulation assumptions for two OFDM symbol PRACH-like RS
	Parameter
	Value

	Time pattern
	Two OFDM symbols

	Detection window length [Wsym]
	1 OFDM Symbol (FFT size + CP length)

	Simulation window length
	3 OFDM symbols

	Correlator type
	Fixed window (symbol-by-symbol), correlation in frequency domain, utilizing RS time domain repetition structure if any

	 Delay of received RS
	Random delay per TTI between [-Lsym Lsym], where Lsym is the length of an UL OFDM symbol (FFT size + CP)

	Reference power
	0 dB

	RS power boosting
	Not used, unless otherwise stated




[image: ]
Figure 14: Simulation setup for 2OS PRACH-like RS. Simulation window length of 3 OFDM symbols and delay of received RS between [-Lsym Lsym].

4.2.1 	Impact of number of detection windows on detection performance (2OS PRACH-like)
In case of simulation window of length 3 OFDM symbols and two symbol PRACH-like RS, at least two detection windows are required so that an RS with an arbitrary delay between [-Lsym Lsym] can be detected efficiently. More specifically, when two detection windows are placed to cover OFDM symbols #2 and #3 in Figure 14, 100% of RS energy can be captured by at least one detection window.
In this Section, impact of two, three and five detection windows on detection performance is studied. When more than two detection windows are used, there may be greater change that a RS is detected within a simulation window. Placement of detection windows in case of two, three and five detection windows is illustrated in Appendix B
Table 10: Additional parameters for impact of number of detection windows on detection performance (2OS PRACH-like)
	Parameter
	Value

	Sequence Length
	150, repeated over two OFDM symbols

	Frequency pattern
	Comb-4

	Comb shift
	1

	Time pattern
	Two OFDM symbols
(2*CP + 2*Body)

	RS pattern
	[image: ]


	Channel model
	AWGN with random complex phase

	Antenna configuration 
	1T1R

	Number of Detection windows
	2, 3, 5

	Number of sequence hypothesis
	8



[image: ]
Figure 15: Evaluation result for impact of number of detection windows on two symbol PRACH-like RS detection performance
Observation 9: In case of a two symbol PRACH-like RS, increasing number of detection windows from two to three or more do not provide any gain. Hence a good number of detection windows is two.
We use two detection windows for the rest of the document in case of a two symbol PRACH-like RS.
4.2.2 	Impact of number Rx antennas on detection performance (2OS PRACH-like)
In this Section the same study is performed for 2 OS PRACH-like RS as in Section 4.1.5 for 1 OS RS.
Table 11: Additional parameters for impact of number of detection windows on detection performance (2OS PRACH-like)
	Parameter
	Value

	Sequence Length
	150, repeated over two OFDM symbols

	Frequency pattern
	Comb-4

	Comb shift
	1

	Time pattern
	Two OFDM symbols
(2*CP + 2*Body)

	RS pattern
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	Channel model
	AWGN with random complex phase

	Antenna configuration 
	1T1R, 1T2R, 1T4R

	Number of Detection windows
	2

	Number of sequence hypothesis
	8
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Figure 16: Evaluation result for impact of number Rx antennas on detection performance (2OS PRACH-like)
Observation 10: In case of two symbol PRACH-like RS, increasing number of Rx antennas from one to two and four improves the detection performance by 1.8 dB and 3.5 dB, respectively.
4.2.3 	Impact of different sequence lengths on detection performance without power boosting (2OS PRACH-like)
In this section detection performance of sequence lengths of 150, 300 and 600 is studied without RS power boosting. Sequence lengths 150, 300 and 600 are transmitted using comb-4, comb-2 and comb-1 patterns, respectively. As power RS power boosting is not used, comb-4 and comb-2 patterns are transmitted with four and two times less power compared to comb-1 pattern, respectively.
As two OFDM symbols are used to transmit the RSs, a used sequence is repeated in the second OFDM symbol.
Table 12: Additional simulation parameters for impact of different sequence lengths and comb patterns on detection performance without power boosting (2OS PRACH-like)
	Parameter
	Value

	Sequence Length
	150, 300, 600, repeated over two OFDM symbols

	Frequency pattern
	Comb-4, Comb-2, Comb-1

	Comb shift
	1

	Time pattern
	Single OFDM symbol

	RS pattern
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	Channel model
	AWGN with random complex phase

	Antenna configuration 
	1T1R

	RS power boosting 
	Not used
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Figure 17: Evaluation result for impact of different sequence lengths and comb patterns on detection performance without RS power boosting (2OS PRACH-like)
Without RS power boosting, increasing sequence length from 150 to 300 improves detection performance by 3.3 dB and increasing sequence length from 300 to 600 further improves detection performance by 3.3 dB.
Observation 11: In case of two symbol PRACH-like RS without RS power boosting, when sequence length and overhead is doubled, roughly 3.3 dB gain can be observed.
4.2.4 	Impact of different sequence lengths on detection performance with power boosting (2OS PRACH-like)
In this Section, the same simulation setup is used as in previous Section 4.2.3, but now with RS power boosting. To have equal transmit power for different comb patterns, power of comb-4 RS is boosted by 6 dB while power of comb-2 RS is boosted by 3 dB.
Table 13: Additional simulation parameters for impact of different sequence lengths and comb patterns on detection performance with power boosting (2OS PRACH-like)
	Parameter
	Value

	Sequence Length
	150, 300, 600, repeated over two OFDM symbols

	Frequency pattern
	Comb-4, Comb-2, Comb-1

	Comb shift
	1

	Time pattern
	Single OFDM symbol

	RS pattern
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	Channel model
	AWGN with random complex phase

	Antenna configuration 
	1T1R

	RS power boosting 
	Comb-4: 6 dB
Comb-2: 3 dB
Comb-1: 0 dB
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Figure 18: Evaluation result for impact of different sequence lengths and comb patterns on detection performance with RS power boosting (2OS PRACH-like)

With RS power boosting, increasing sequence length from 150 to 300 improves detection performance by 0.2 dB and increasing sequence length from 300 to 600 further improves detection performance by 0.3 dB.
Observation 12: In case of two symbol PRACH-like RS with RS power boosting, when sequence length and overhead is doubled, only negligible gain can be observed.
4.3 1OS NR CSI-RS vs. 2OS PRACH-like RS
In this Section, detection performance of a single OFDM symbol RS and two OFDM symbol PRACH-like RS are compared.
Based on the evaluations carried out in Sections 4.1 and 4.2 for a single OFDM symbol RS and two OFDM symbol PRACH-like RS, respectively, simulation parameters presented in Table 14 are selected for the two RSs.

Table 14: Simulation parameters for 1OS NR CSI-RS and two symbol PRACH-like RS comparison evaluations
	
	Single-symbol CSI-RS
	Two-symbol CSI-RS (PRACH-like)

	Sequence Length
	150, 300, 600
	150, 300, 600, repeated over two OFDM symbols

	Frequency pattern
	Comb-4, Comb-2, Comb-1

	Comb-shift
	1, if applicable

	Time pattern
	Single OFDM symbol
(1CP + 1Body)
	Two OFDM symbols
(2*CP + 2*Body)

	RS pattern
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	Detection window length [Wsym]
	1 OFDM Symbol (FFT size + CP length)

	Simulation window length
	3 OFDM symbols

	Number of Detection windows
	5
	2

	Correlator type
	Fixed window (symbol-by-symbol), correlation in frequency domain, utilizing RS time domain repetition structure if any

	 Delay of received RS
	Random delay per TTI between [-Lsym Lsym], where Lsym is the length of an UL OFDM symbol (FFT size + CP)

	Channel model
	AWGN with random complex phase
TDL-E-30ns

	Antenna configuration 
	1T2R

	Reference power
	0 dB

	RS power boosting
	Option 1: 
Comb-4: 0 dB
Comb-2: 0 dB
Comb-1: 0 dB
Option 2: 
Comb-4: 6 dB
Comb-2: 3 dB
Comb-1: 0 dB
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Figure 19: Detection performance comparison of single OFDM symbol RSs and two symbol PRACH-like RSs with different sequence lengths and comb-patterns in AWGN channel. In case of comb-4 and comb-2 RS patterns, RS power boosting is NOT used.
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Figure 20: Detection performance comparison of single OFDM symbol RSs and two symbol PRACH-like RSs with different sequence lengths and comb-patterns in TDL-E-30ns channel. In case of comb-4 and comb-2 RS patterns, RS power boosting is NOT used.
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Figure 21: Detection performance comparison of single OFDM symbol RSs and two symbol PRACH-like RSs with different sequence lengths and comb-patterns in AWGN channel. In case of comb-4 and comb-2 RS patterns, RS power boosting is used.
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Figure 22: Detection performance comparison of single OFDM symbol RSs and two symbol PRACH-like RSs with different sequence lengths and comb-patterns in TDL-E-30ns channel. In case of comb-4 and comb-2 RS patterns, RS power boosting is used.

Table 15: [Case-1] The required SNR for achieving detection probability of 90% with false alarm probability < 1% in case of single OS RS and 2 OS PRACH-like RS.
	Channel
	RS Power Boosting
	RS pattern
	Single OS NR CSI-RS
	Two OS PRACH-like RS
	Difference

	AWGN
	No
	Comb-4
	-8.7 dB
	-10.1 dB
	1.4 dB

	
	
	Comb-2
	-12.2 dB
	-13.4 dB
	1.2 dB

	
	
	Comb-1
	-15.7 dB
	-17.2 dB
	1.5 dB

	AWGN
	Yes
	Comb-4
	-14.7 dB
	-16.1 dB
	1.4 dB

	
	
	Comb-2
	-15.1 dB
	-16.4 dB
	1.3 dB

	
	
	Comb-1
	-15.7 dB
	-17.2 dB
	1.5 dB

	TDL-E-30ns
	No
	Comb-4
	-7.9 dB
	-9.2 dB
	1.3 dB

	
	
	Comb-2
	-11.4 dB
	-12.6 dB
	1.2 dB

	
	
	Comb-1
	-15.1 dB
	-16.5 dB
	1.4 dB

	TDL-E-30ns
	Yes
	Comb-4
	-13.8 dB
	-15.2 dB
	1.4 dB

	
	
	Comb-2
	-14.4 dB
	-15.5 dB
	1.1 dB

	
	
	Comb-1
	-15.1 dB
	-16.4 dB
	1.3 dB



Observation 13: In Case-1, two OFDM symbol PRACH-like RS performs 1.1 ~ 1.5 dB better compared to one OFDM symbol RS.
Observation 14: In Case-1, applying RS power boosting for comb-4 and comb-2 RS patterns to have equal power compared to comb-1 RS pattern, the observed performance difference between different comb patterns is within 1.3 dB. 
5	Conclusion
Observation 1: Number of sequence hypothesis in the receiver has an impact on false alarm probability. When keeping the false alarm probability fixed, greater number of sequence hypothesis reduces detection probability of a sequence.
Observation 2: In case of a RS with a comb frequency pattern, all possible comb shifts results in the same detection performance.
Observation 3: When a sequence is detected correctly, also RS comb shift can be detected correctly.
Observation 4: In case of a single OFDM symbol RS and simulation window length of three OFDM symbols, good number of detection windows is five when the delay of received RS is between [-Lsym Lsym] .
Observation 5: In case of a single OFDM symbol RS, increasing number of Rx antennas from one to two and four improves the detection performance by 2.2 dB and 3.8 dB, respectively.
Observation 6: In TDL-E-30ns channel, detection performance is degraded by 1.1 dB and 0.9 dB compared to AWGN channel in case of 1 and 2 Rx antennas, respectively.
Observation 7: In case of a single OFDM symbol RS without RS power boosting, when sequence length and overhead is doubled, roughly 3.3 dB gain can be observed.
Observation 8: In case of a single OFDM symbol RS with RS power boosting, when sequence length and overhead is doubled, only negligible gain can be observed.
Observation 9: In case of two symbol PRACH-like RS, increasing number of detection windows from two to three or more do not provide any gain. Hence a good number of detection windows is two.
Observation 10: In case of two symbol PRACH-like RS, increasing number of Rx antennas from one to two and four improves the detection performance by 1.8 dB and 3.5 dB, respectively.
Observation 11: In case of two symbol PRACH-like RS without RS power boosting, when sequence length and overhead is doubled, roughly 3.3 dB gain can be observed.
Observation 12: In case of two symbol PRACH-like RS with RS power boosting, when sequence length and overhead is doubled, only negligible gain can be observed.
Observation 13: In Case-1, two OFDM symbol PRACH-like RS performs 1.1 ~ 1.5 dB better compared to one OFDM symbol RS.
Observation 14: In Case-1, applying RS power boosting for comb-4 and comb-2 RS patterns to have equal power compared to comb-1 RS pattern, the observed performance difference between different comb patterns is within 1.3 dB. 
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Appendix A. General simulation Assumptions 

Table A.1 General simulation assumptions for RIM-RS detection
	Parameters
	Values

	System bandwidth
	20 MHz, 50 PRB

	FFT size / CP size
	1024 / 72

	Subcarrier spacing
	30 kHz

	Frequency band
	3.5 GHz

	Propagation channel model
	AWGN with random complex phase
TDL-E DS=30ns (K-factor=22dB)

	Interference
	AWGN only

	Antenna configuration
	1Tx1Rx, 1Tx2Rx, 1Tx4Rx

	Sequence
	The pseudo-random sequence (length-31 Gold sequence) specified in NR



Appendix B. Placement of Multiple Detection Windows
Illustration of placement of detection windows in case of multiple detection windows used within a simulation window of 3 OFDM symbols.
[image: ]
Figure B.1: Placement of detection windows in case of 2, 3 and 5 detection windows.
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Case-1|Comb-4|1x1|1OS CSI-RS|AWGN|RandomDelayBetween=[-Lsym Lsym]
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Case-1|Comb-4|1x1|1OS CSI-RS|AWGN|RandomDelayBetween=[-Lsym Lsym]
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Case-1|Comb-4|1x1|2OSPRACH-like|AWGN|RandomDelayBetween=[-Lsym Lsym]
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