3GPP TSG RAN WG1 Ad-Hoc Meeting 1901

R1-1900840
Taipei, Taiwan, 21st – 25th January, 2019

Agenda item:

7.2.5.5
Source:
Nokia, Nokia Shanghai Bell 
Title:
Further evaluation results on RIM-RS design
Document for:

Discussion and Decision
1
Introduction
During RAN1#94bis meeting [1], general simulation assumptions were agreed on the simulation evaluation of reference signals in the NR-RIM frameworks. In addition, RAN1#95 meeting[2], with the completion of the study item, several agreements have been made and captured in [3]
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.

Agreements:
· 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]%.
Agreements:
· 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., [image: image2.png]min,,



 Pd,k .
· Option 2: Average detection probability of all the sequences Pd,k .
Agreements:
· 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 
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· where Perr,n  QUOTE ,P-err,n. is the probability of detecting at least one sequence different from all the one(s) that actually arrived within the detection window, when then number of sequence actually arriving within the detection window is n as indicated in Table 7.1.1-1. 

Agreements:
· 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.[image: image6.png]min,,




Agreements:
· To comprehensively evaluate the RS design in the NR-RIM frameworks, the following cases are examined.
Table 7.1.1-1 Simulation cases for RIM RS design

	
	Total number of sequences used same time-frequency resources (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 starting point , other values are encouraged to be provided
	m*n

	NOTE 1: Separate simulation runs


Agreements:
· Time-domain circular characteristics should be satisfied for NR-RIM design to handle the large path delay. The following RS structures are considered for evaluation.

· Alt 1: 1 symbol RS, where existing CSI-RS with comb-like structure in frequency-domain is used. The comb factor is 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.
Though we have agreed to support only two symbol (2OS) RIM-RS pattern based on the study, the, we would provide the complete set of evaluation results regarding to comparison of 1 OS and 2OS RIM-RS which were not provided in [4]. In this contribution, we present the simulation results as well as simulation parameters for Cases 1, 2-1, 2-2A and 2-2B. During the study, we have observed that the RIM-RS sequence length is the key performance parameter, and CSI-RS like signal with comb-type performs worse than the RIM-RS without comb due to shorter sequence length. The detection probability performance is compared in all cases between the 2OS RS and 1OS RS using comb factor 1.
2
Evaluation Results
In this section we present the detection performance results for Case 1, Case 2-1, Case 2-2A, and Case 2-2B considering two RIM-RS desings: one-symbol (1OS) RS and two-symbol (2OS) RS. General simulations assumptions are shown in Table 1.
Table 1. Simulation parameters

	
	Single-symbol RS 
	Double-symbol RS

	Frequency band
	3.5 GHz

	SCS
	30 kHz

	Bandwidth
	20 MHz, 50PRBs

	Channel model
	AWGN with random complex phase

	FFT size / CP
	1024 / 72

	Antenna configuration
	1T1R

	Sequence
	Pseudo random sequence (length-31 Gold sequence) specified in 38.211 section 5.2.1

	Sequence length
	600

	Detection window length [Wsym]
	1 OFDM symbol

	Simulation window length
	3 OFDM symbols

	Detection algorithm
	Symbol-level detector

	Number of detection windows
	5
	3

	Time pattern
	One OFDM symbol
	Two OFDM symbols:
two copies of the RS sequence are concatenated and one CP is attached at the beginning

	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.

	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].

	Decision variable
	Maximum peak


2.1 Detection algorithm


A symbol-level detection algorithm is used in the evaluations. The simulation window is defined as three-OFDM-symbols length and, the detection window as one-OFDM-symbol length. The exact detection methodology and windows location are illustrated in Figure 1, where multiple detection windows are defined and aligned to the UL OFDM symbols to capture the RS propagation delay. Received RIM-RS within one detection window is transformed to the frequency domain and a sequence correlation in the frequency domain is applied against a local replica of the signal. This replica is generated performing a FFT of length 2ceil(log2600) . The detection threshold for the correlation output is defined based on Chebyshev’s inequality to obtain the detection probability given the false alarm and error detection probability requirements.

[image: image7.png]



Figure 1: Placement of detection windows in case of 3 (2OS) and 5 (1OS) detection windows.
2.2  Link-level evaluations
We have performed simulations for Case 1, Case 2-1, Case 2-2A and Case 2-2B. The required SNRs to obtain [90]% detection probability are summarized in Table 1. Similar SNR requirements were obtained for the “average” and “worst case” detection probability (Pd), and thus, just the average Pd results are presented.

Table 1. 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 as specified in [3].
	
	1OS
	2OS

	Case 1, m=1, n=1
	-13.72
	-15.2

	Case 2-1, m=10, n=1
	-17.98
	-18.9

	Case 2-2A, m=1, n=1
	-12.76 *
	-14.14*

	Case 2-2A, m=1, n=2
	-13.87*
	-14.18*

	Case 2-2A, m=1, n=4
	-13.51*
	-14.26*

	Case 2-2A, m=1, n=8
	-13.06*
	-13.91*

	Case 2-2B, m=10, n=1
	-16.45*
	-17.0*

	Case 2-2B, m=10, n=2
	-15.95*
	-16.21*

	Case 2-2B, m=10, n=4
	-14.62*
	-15.08*

	Case 2-2B, m=10, n=8
	-9.5*
	NA, Pd=58%*


*Both the false alarm rate and error detection probability are under [1]% throughtout the SNR range and not just at the 90% detection probability.
Observation 1: In Case 1, the 2OS RS design provides ~1.5 dB gain compared to 1OS RS design.

Observation 2: In Case 2-1, the 2OS RS design provides ~0.9 dB compared to 1OS RS design. 

Observation 3: In Case 2-2A, the 2OS RS design provides ~0.9 - 1.4 dB gain compared to 1OS design.

Observation 4: In Case 2-2B with m=10, the performance difference between 2OS and 1OS RS designs is within 0.5 dB for up to 4 different base sequences (up to n=4). In case of 8 different base sequences (n=8), 2OS RS design cannot achieve 90% detection probability whereas 1OS RS design can at -9.5 dB SNR. 

Exact evaluation results for both RS designs are given in Annex A.

From the evaluation results, we have observed that the interference from the multiple sequences may increase when 2 symbol RIM-RS is used becuase longer time duration increase the portion of overlaps between sequences.  This means the the interference from RIM-RS to normal PUSCH reception may increase due to longer symbol length. 
In [5], we are providing evaluation result on RIM-RS detection performance with various RIM-RS bandwidth when 2 OS RIM-RS is used. The evaluation results show that with longer sequence length, the interference from the multiple sequence is mitigated and no performance degradation is observed while the performance degradation is observed with shorter sequence length such as RIM-RS bandwidth of 24 or 48 PRBs. 

Observation 5: One symbol RIM-RS can be considered when small carrier bandwidth is configured.
3
Conclusion

In this contribution, we present the simulation results as well as simulation parameters for Cases 1, 2-1, 2-2A and 2-2B. The detection probability performance is compared in all cases between the 2OS RS and 1OS RS using comb factor 1. And, we have observed following observations.

Observation 1: In Case 1, the 2OS RS design provides ~1.5 dB gain compared to 1OS RS design.

Observation 2: In Case 2-1, the 2OS RS design provides ~0.9 dB compared to 1OS RS design. 

Observation 3: In Case 2-2A, the 2OS RS design provides ~0.9 - 1.4 dB gain compared to 1OS design.

Observation 4: In Case 2-2B with m=10, the performance difference between 2OS and 1OS RS designs is within 0.5 dB for up to 4 different base sequences (up to n=4). In case of 8 different base sequences (n=8), 2OS RS design cannot achieve 90% detection probability whereas 1OS RS design can at -9.5 dB SNR. 

Observation 5: One symbol RIM-RS can be considered when small carrier bandwidth is configured.
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Appendix A.

A.1 Case 1, Case 2-1
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Figure A.1: Detection performance, false alarm and error detection probability comparison of single OFDM symbol RSs and two symbol PRACH-like RSs. Number of sequences (n) is 1 and the RS copies per sequence (m) is 1 and 10.
A.2 Case 2-2A
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Figure A.2: Detection performance, false alarm and error detection probability comparison of single OFDM symbol RSs and two symbol PRACH-like RSs. Number of sequences (n) is 1,2,4 and 8 and the RS copies per sequence (m) is 1.
A.3 Case 2-2B
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Figure A.3: Detection performance, false alarm and error detection probability comparison of single OFDM symbol RSs and two symbol PRACH-like RSs. Number of sequences (n) is 1,2,4 and 8 and the RS copies per sequence (m) is 10.
