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In RAN1#94bis, it has been agreed to use the 31-length Gold sequence to generate the RIM-RS, and the simulation assumptions have been revised for RIM-RS performance evaluation [1]:
	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:
· 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 provide our link layer simulation results of RIM-RS according to the revised simulation assumptions.

[bookmark: _Ref129681832]RS design for RIM purpose
[bookmark: _Ref521612108]RIM-RS sequence and resources
As agreed in RAN1#94bis [1], the 31-length Gold sequence is adopted as the RIM-RS sequence. We use the Gold sequence and QPSK modulation to generate the RIM-RS. The maximum number of RIM-RS sequences is set to be 8, i.e. 8 different initial phases are applied to generate the RIM-RS. The configurations of RIM-RS are listed in the following table:
Table 2‑1 RIM-RS configuration.
	Feature
	Configuration
	Notes

	RS sequence
	Gold sequence + QPSK modulation
	The same with NR specification.

	Length of RS sequence
	600/150
	Length-600/ length-150 RIM-RS (after QPSK modulation)

	Time domain pattern
	Consecutive 2~4 repetitions, each repetition is 1 OFDM symbol long.
	Alt.3 in [1] is applied to generate the circular signal in time domain. The CP is separately added in the front of each OFDM symbol. More details can be found in [2]. A equivalent example in time domain of 2 OFDM symbol RIM-RS is illustrated as follows:
[image: ]

	Frequency domain pattern
	Consecutive 600/150 subcarriers with SCS = 30kHz
	For the case {BW, SCS} = {20 MHz, 30 kHz}, the maximum transmission BW is 51 RBs (i.e. 612 subcarriers). So for length-600 RIM-RS, it is almost a full 20 MHz bandwidth signal transmission.
For length-150 RIM-RS, it can be regarded as a 5 MHz bandwidth signal transmission.
No PDSCH is multiplexed in the same OFDM symbol with RIM-RS.


Other simulation assumptions can be found in the appendix. The simulation assumption follows the agreement of RAN1#94bis.
RIM-RS detection
We use the symbol-level detection method to detect the RIM-RS. The PAPR threshold is adopted to decide whether a specific RIM-RS sequence is detected. The detection probability is averaged between the 8 alternative RIM-RS sequences. The length of detection window Wdet, is N-1 OFDM symbol, where N is the repeated OFDM symbol number of RIM-RS. In this way, at least one detection window can receive N-1 complete RIM-RS repetitions. Figure 2‑1 illustrates how the RIM-RS transmission and detection is modeled, assuming that the RIM-RS repetition number is 2. In this example, the detection window length Wdet is 1 OFDM symbol.
[image: ]
[bookmark: _Ref525035304]Figure 2‑1 Illustration of RIM-RS transmission and detection, 2 repetitions. 
For fair comparison, we only evaluate the one-shot detection performance of the 1st detection window. 
Simulation results
In this section, we provide our simulation results. The definition of false alarm, detection probability, and error detection probability follows the revised simulation assumptions in RAN1#94bis. Case 1 and Case 2-1 are evaluated with Length-600 RIM-RS (for 20 MHz), and Case 2-2A and Case 2-2B are evaluated with both length-600 RIM-RS (for 20 MHz) and length-150 RIM-RS (for 5 MHz). 
Case 1: Single RIM-RS sequence, one copy for each RIM-RS sequence
For Case 1, only one copy of one RIM-RS sequence is transmitted by one gNB. In each simulation case, the RIM-RS sequence is randomly chosen from the 8 alternatives, and the chosen one is known to both the transmitter and receiver. Figure 3‑1 shows the miss-alarm ratio (i.e. 1 - Pd_k) where the false-alarm is restricted below 0.5% (will be proportionally scaled if Wdet changes). 
[image: ]
[bookmark: _Ref528528694]Figure 3‑1 Miss-alarm ratio in Case 1, 20 MHz RIM-RS.
We can see that to achieve a 90% detection probability, for 20 MHz RIM-RS, the required SNR are -17 dB, -19 dB and -20.5 dB for 2, 3 and 4 repeated RIM-RS, respectively. In addition, we observe some ‘secondary’ peaks larger than the detection threshold, which is calculated by the 0.5% false-alarm ratio of AWGN input. Such peaks are caused by the offset of the received RIM-RS and the local RIM-RS, determined by the self-correlation performance of the 31-length Gold sequence. But ‘secondary’ peak is not regarded as an issue in this case, since it is caused by the existence of RIM-RS, not by the AWGN. 
Case 2-1: Single RIM-RS sequence, 10 copies for each RIM-RS sequence
For Case 2-1, 10 copies with different random delays of one RIM-RS sequence are transmitted by 10 different gNBs respectively. In each simulation case, the RIM-RS sequence is randomly chosen from the 8 alternatives, and the chosen one is known to all the transmitter and receiver. Figure 3‑2 shows the miss-alarm ratio where the false-alarm is restricted below 0.5%.
[image: ]
[bookmark: _Ref528528729]Figure 3‑2 Miss-alarm ratio in Case 2-1, 20 MHz RIM-RS.
In Case 2-1, for 20 MHz RIM-RS, to achieve a 90% detection probability, the required SNR are -23.5 dB, -25.5 dB and -26.5 dB for 2, 3 and 4 repeated RIM-RS, respectively. Comparing Figure 3‑2, and Figure 3‑1, we can observe that the required SNR of Case 2-1 is lower than that in Case 1, since successfully detecting any one of the ten copies will be a regarded as a successful RIM-RS detection.
Case 2-2A: 8 RIM-RS sequences, one copy for each RIM-RS sequence
For Case 2-2A, {1, 2, 4, 8} different RIM-sequences randomly chosen from the 8 alternatives are transmitted by {1, 2, 4, 8} gNBs, and each of the RIM-sequences is with only one copy and different random delays. The chosen RIM-sequences are unknown to the receiver, so the receiver will conduct correlation between the received signal and the 8 alternative local sequences. Figure 3‑3 and Figure 3‑4 illustrate the miss-alarm ratio where the false-alarm and error-detection ratio are restricted below 0.5%. The repetition number of RIM-RS is 2, and the length of detection window Wdet is 1 OFDM symbol.
 [image: ]
[bookmark: _Ref528528821]Figure 3‑3 Miss-alarm ratio in Case 2-2A, 20 MHz RIM-RS.
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[bookmark: _Ref528965339]Figure 3‑4 Miss-alarm ratio in Case 2-2A, 5 MHz RIM-RS.
In Case 2-2A, for 20 MHz RIM-RS, to achieve a 90% detection probability, the required SNR are -15.2 dB, -15 dB, -14.7 dB and -14.1 dB for 1, 2, 4 and 8 concurrent RIM-RS sequences reception within one detection window, respectively.  For 5 MHz RIM-RS, to achieve a 90% detection probability, the required SNR are -9.5 dB, -8.7 dB and -7.5 dB for 1, 2, and 4 concurrent RIM-RS sequences reception within one detection window, respectively; for the case of 8 concurrent RIM-RS sequences, the detection probability can hardly reach 10%. We can observe that the increasing number of RIM-RS transmitted/received at the same time will lead to performance loss, especially for 5 MHz RIM-RS. Note that the threshold used in Case 2-2A and Case 2-2B is larger than that in Case 1 and Case 2-1. This is mainly caused by the 0.5% requirement of error-detection probability. The larger threshold is also the main reason for the deterioration of detection performance compared to Case 1.
Case 2-2B: 8 RIM-RS sequences, 10 copies for each RIM-RS sequence
For Case 2-2B, {1, 2, 4, 8} different RIM-sequences are randomly chosen from the 8 alternatives, and each of the RIM-sequences is with 10 copies and different random delays. The {10, 20, 40, 80} copies are transmitted by {10, 20, 40, 80} gNBs. The chosen RIM-sequences are unknown to the receiver, so the receiver will conduct correlation between the received signal and the 8 alternative local sequences. Figure 3‑5 and Figure 3‑6 illustrate the miss-alarm ratio where the false-alarm and error-detection ratio are restricted below 0.5%. The repetition number of RIM-RS is 2, and the length of detection window Wdet is 1 OFDM symbol.
[image: ]
[bookmark: _Ref528604813]Figure 3‑5 Miss-alarm ratio in Case 2-2B, 20 MHz RIM-RS.
[image: ]
[bookmark: _Ref528965360]Figure 3‑6 Miss-alarm ratio in Case 2-2B, 5 MHz RIM-RS.
In Case 2-2B, for 20 MHz RIM-RS, to achieve a 90% detection probability, the required SNR are -18.8dB, -18.1dB, -16.6dB for 10, 20 and 40 concurrent RIM-RS copies reception within one detection window, respectively; for the case of 80 concurrent RIM-RS copies, the detection performance can hardly reach a 90% detection probability. For 5 MHz RIM-RS, to achieve a 90% detection probability, the required SNR are -11.9 dB and -7.5 dB for 10 and 20 concurrent RIM-RS copies reception within one detection window, respectively; for the case of 40 and 80 concurrent RIM-RS copies, the detection performance cannot reach a 90% detection probability. The main reason is that when the number of RIM-RS copies increases, a lot of ‘secondary’ peaks appear. The ‘secondary’ peaks are caused both by the self-correlation performance with offset and the cross-correlation performance between different sequences. They affect the calculation of ‘average power’ and decrease the PAPR. As suggested by the results from Case 2-2B, RAN1 should limit the number of concurrent reception of RIM-RS copies. 
Comparing the simulation results between 20 MHz RIM-RS and 5 MHz RIM-RS in Case 2-2A and Case 2-2B, the detection performance of 5 MHz deteriorates seriously, which cannot be compensated by power boosting 6 dB. The reason is that the cross-correlation performance between different sequences become worse because of the reduced sequence length. More ‘secondary’ peaks appear by cross-correlation calculation, leading to a lower PAPR, and subsequently higher detection difficulty. 
Observation: In Case 2-2A and Case 2-2B, the detection performance of 5 MHz RIM-RS is worse by more than 6 dB compared to that of 20 MHz RIM-RS.
The above simulation result provides an initial reference for the RIM framework design. Note that the result is based on the assumption of 1T1R antenna configuration, AWGN channel and 20MHz/ 5MHz bandwidth. In reality, the gNB generally equips with more than 1 transmission/reception antenna, which can improve the detection performance. However, the real troposphere bending channel is not AWGN and should be a multipath channel, which can deteriorate the detection performance. Furthermore, if the gNB is deployed with a larger bandwidth than 20MHz, it can transmit/ receive a longer RIM-RS in frequency domain, and thus can ameliorate the false-alarm and error detection performance. The utilization of RIM-RS should take into consideration the difference between the simulation assumption and the real environment carefully. 
Proposal: Take the above simulation results into consideration when applying RIM scheme.

Conclusions
In this contribution, we show our simulation results on RIM-RS detection, which is generated by Gold sequence and QPSK modulation. We have the following observation and proposal:
Observation: In Case 2-2A and Case 2-2B, the detection performance of 5 MHz RIM-RS is worse by more than 6 dB compared to that of 20 MHz RIM-RS.
Proposal: Take the above simulation results into consideration when applying RIM scheme.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref520280735]3GPP, “Chairman’s Notes RAN1 94bis final”, RAN1#94bis, Chengdu, China, October 8 – 12, 2018.
[bookmark: _Ref520316773]R1- 1812217, “Discussion on reference signal design for identifying remote interference”, Huawei, Hisilicon, RAN1#95, Spokane, the USA, November 12 – 16, 2018.

Appendix
	Parameter
	Value

	Simulation bandwidth
	20 MHz/ 5 MHz

	SCS
	30 kHz

	gNB MIMO configuration
	1T1R

	Frequency offset
	0 Hz

	FFT size
	1024

	Length of detection window
	(N-1) * Lsymbol (N is the repetition number of RIM-RS)

	Channel model
	AWGN

	Delay of received RS
	Uniformly distributed within [-Lsymbol, Lsymbol]

	Power of received RS
	1) Case 1: P0 
2) Case 2: P0 + [-0.5dB, 0.5dB]

	Simulation cases
	Case 1, Case 2-1, Case 2-2A and Case 2-2B

	Metric:
	For Case 1 and Case 2-1: Detection probability with a false alarm restriction of [1%] with Wdet = 2 OS;
For Case 2-2A and Case 2-2B: Detection probability with a false alarm and error detection restriction of [1%] with Wdet = 2 OS;
(Proportional scaling is applied when Wdet changes)
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Miss-alarm Rate in Case 2-2A (5 MHz)
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