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1 Introduction
In RAN #80 meeting [1], a SI regarding NR remote interference management (RIM) has been agreed. The objective of this SI is to study possible mechanisms for mitigating the impact of remote base station interference in unpaired spectrum focusing on synchronized macro cells with the semi-static DL/UL configuration in co-channel, which include:
A. Study mechanisms for improving network robustness and addressing strong remote base station interference, including potential UE side’s enhancement [RAN1]
B. Study mechanisms for identifying which gNB(s) generate strong remote interference, including the following aspects:
1.1.1 Potential reference signal design for gNB to identify that it creates strong inter-gNB interference to some victim gNB [RAN1]
1.1.1.1 Existing reference signals are starting points of discussion.
1.1.2 Mechanisms for gNB to start and terminate the transmission/detection of the reference signal(s) [RAN1, RAN3]
C. Study the potential additional coordination among gNBs for mitigating remote interference [RAN3]

In RAN1 #94 meeting and the email discussion afterwards, the general simulation assumptions were agreed with some remaining issues on additional simulation case and simulation metric. 
Agreements:
For simulation evaluation of reference signals in the NR-RIM frameworks
· Following Descriptions of the RS should be provided
· RS sequence
· Length of RS sequence
· Time/frequency pattern of RS
· Time pattern (number of symbols)
· Frequency pattern
· Following analytical metrics of the RS should be provided
· The complexity of reference signal detection at gNB
· Overhead
· Impact on UEs
· Others
· Simulation
· Simulation parameters
· SCS: 30 kHz (mandatory) / 15 KHz (optional)
· Simulation bandwidth: 20 MHz
· gNB MIMO configuration: 1T1R (mandatory)/1T2R(optional)
· Frequency offset: 0 Hz 
· FFT size: to be provided
· Length of detection window Lsymbol: to be provided
· Channel model: 
·  Option1: AWGN with random complex phase 
·  Option2: TDL-E (K-factor = [22] dB, DS = [30] ns, Doppler [0] Hz)
· FFS: whether one of the two options or both options are mandatory.
· Delay of received RS: When multiple RSs arrive in the detection window, the 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. 
· Power of received RS: 
· Option1: Pi of multiple RSs have a power offset with respect to the reference power P0, where the power offset is randomly selected from [-0.5dB, 0.5dB]. 
·  Use option1 as starting point for evaluation, FFS other option(s), e.g., different power offset ranges.
· Simulation cases and related metrics
·  Case 1: Single RS + AWGN (mandatory)
· Metric: the minimum SNR where detection probability of [90%] and a false alarm requirement of [1%]
·  FFS: successful detection time, e.g., one-shot.
·  Case 2: Multiple RS + AWGN (mandatory)
· Number of total RSs arrived within one detection window: FFS
· Number of sequences arrived within the detection window: FFS
· Metric: FFS.

Email discussion Agreement 1: 
· For channel model: Option 1 is mandatory for RS comparison. Companies are also encouraged to provide results using Option 2 with K_factor = 22 dB, DS=30 ns, Doppler 0 Hz.
· For delay of received RS: Clarify that the arrival time of each RS is generated at least in the resolution of sample duration of the OFDM symbol.
Email discussion Agreement 2: For power of received RS, Option1(as in last RAN1 agreement): Pi of multiple RSs have a power offset with respect to the reference power P0, where the power offset is randomly selected from [-0.5dB, 0.5dB] is used as starting point for multiple RS evaluation. The SNR for each RS is defined based on P0.
Email discussion Agreement 3: For Case 1 single RS+AWGN, the metric is the minimum SNR required for one-shot detection with 90% detection probability and 1% false alarm requirement. The assumptions for Case 1 are summarized as follows:
	
	Total number of sequences used in the network
(N_seq)
	Number of sequences arriving within the window
(n)
	Number of total RSs arriving within the window 
(N)

	Case 1
	1
	1
	1


Note: This case is mainly used to compare and calibrate performance of same RS design. The above figures will be used for simulations to 94bis and determine whether further refinement is needed.
Email discussion Agreement 4: At least Case 2-1 and Case 2-2A are evaluated for the next meeting. Evaluation of Case 2-2B depending on further agreements whether to support gNB group for Framework 2.1 and 2.2, and whether Case 2-1 and 2-2A is sufficient to cover Case 2-2B in terms of error detection, wherein,
· Case 2-1 (Single sequence): All RSs received within the detection window correspond to the same sequence. Number of total RS sequence is only 1
· Case 2-2A (Multiple sequences): Each RS received by the detector corresponds to a different sequence.
· Case 2-2B (Multiple sequences): The number of distinctive sequences is smaller than the number of RSs received by the detector. Multiple RSs may correspond to the same sequence.
Email discussion Agreement 5: For Case 2-1, the number of RS arrived within the detection window is N=10 as starting point. Companies are also encouraged to provide results under more values of N. The assumptions for Case 2-1 are summarized as follows:
	
	Total number of sequences used in the network
(N_seq)
	Number of sequences arriving within the window
(n)
	Number of total RSs arriving within the window 
(N)

	Case 2-1
	1
	1
	10 as starting point


Email discussion Agreement 6: The assumptions for Case 2-2A and Case 2-2B are summarized as follows:
	Case 2-2A: Each RS received by the detector corresponds to a different sequence.

	
	Number of sequences used in the network
(N_seq)
	Number of sequences within the detection window
(n)
	Number of total RSs arriving within one detection window
(N*n)

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

	Case 2-2B
	8 as starting point
	1,2,4,8 1
	10*n as starting point

	NOTE 1: Separate simulation runs
NOTE 2: Evaluation of Case 2-2B depending on further agreements whether to support gNB group for Framework 2.1 and 2.2, and whether Case 2-1 and 2-2A is sufficient to cover Case 2-2B in terms of error detection.



Email discussion Agreement 7: At least detection probability of option 1 and 2 will be evaluated for next meeting, wherein, 
· Detection probability of option 1: Worst case detection probability of all sequences as  Pd,k, where Pd,k = Prob{sequence i is detected in a detection window | sequence k is present the detection window}  
· Detection probability of option 2: Average detection probability of all the sequences Pd,k
For the options of error detection probability or miss detection probability, companies are encouraged to provide evaluation results and report exact definition of the corresponding metric in the next meeting, so as to determine the final aligned metric(s).
Email discussion Agreement 8: 
· For single sequence case (Case 2-1), gNB attempts to detect only one sequence per detection window.
· For multiple sequence case (Case 2-2A and Case 2-2B) The RS detector should attempt to detect all possible RS sequences arriving in the detection window, where no advanced receiver algorithm is adopted for RS detection.
Email discussion Agreement 9: False detection rate of RS is evaluated by only AWGN input to the receiver, i.e. modelling thermal noise, and should be no larger than 1% for all evaluation cases.
In this contribution, we discuss on the remaining simulation assumptions for RIM and provide initial simulation results for RIM RS design. 
2 Evaluation assumptions
[bookmark: _Hlk525893481]In the evaluation, three RS designs are examined for RIM, namely, 2OS PRACH-like RS, 1OS CSI-RS with frequency comb structure and 2OS CSI-RS with frequency comb structure. The three RS designs adopt the same RS sequence generation method, while use different time-frequency structures, and detection algorithms.
1 
2 
2.1 Sequence generation
a) RS sequence

Pseudo-random sequence in NR is taken as the the starting point for NR-RIM sequence design. The RS sequence  is defined by



where the pseudo-random sequence  is generated by a length-31 Gold sequence generator, defined by







where  and the first m-sequence  shall be initialized with. The initialization of the second m-sequence,, is denoted by  with the value depending on the application of the sequence.
b) Initializations for multiple sequences



For Cases 2-2A and 2-2B, 8 sequences are used in the network, of which the initializations  of  are taken in {0,…,1023}. It should be noted that the cross correlation between any two randomly selected sequences would not be optimal. In the evaluation, we choose initializations  that generate sequences with proper cross correlations, which are {10, 46, 118, 190, 327, 402, 511, 680}. Considering the length 511 RS sequences used, Table 1 summarizes the cross-correlation coefficients of any two sequences from the 8 selected ones.
It is noted that the 8 selected sequences are not the global optimal one from all possible combinations. Companies are encouraged to provide pseudo-random sequence set which have better cross correlation.
Table 1. Cross-correlation coefficients of the 8 selected sequences (length 511).
	
	Seq#1
	Seq#2
	Seq#3
	Seq#4
	Seq#5
	Seq#6
	Seq#7
	Seq#8

	Seq#1
	1
	0.0930
	0.1010
	0.0914
	0.0945
	0.1059
	0.1255
	0.0956

	Seq#2
	0.0930
	1
	0.1044
	0.1068
	0.1098
	0.1132
	0.1183
	0.1129

	Seq#3
	0.1010
	0.1044
	1
	0.1139
	0.0886
	0.1151
	0.0998
	0.1022

	Seq#4
	0.0914
	0.1068
	0.1139
	1
	0.1210
	0.0978
	0.1243
	0.1068

	Seq#5
	0.0945
	0.1098
	0.0886
	0.1210
	1
	0.1308
	0.1021
	0.1010

	Seq#6
	0.1059
	0.1132
	0.1151
	0.0978
	0.1308
	1
	0.1283
	0.1003

	Seq#7
	0.1255
	0.1183
	0.0998
	0.1243
	0.1021
	0.1283
	1
	0.1121

	Seq#8
	0.0956
	0.1129
	0.1022
	0.1068
	0.1010
	0.1003
	0.1121
	1



2.2 Time-frequency structure
2.2.1 Time-frequency structure for 2OS PRACH-like RS
The PRACH-like RS uses the RS sequence of length 511. In the frequency domain, the RS sequence occupies 600 subcarriers. In the time domain, the RS contains 2 OFDM symbols, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences, as shown in Figure 1. 
[image: ]
Figure 1. Illustration of 2OS PRACH-like RS in time domain.
2.2.2 Time-frequency structure for 1OS and 2OS CSI-RS with frequency comb structure
The time-frequency structures for 1OS and 2OS CSI-RS are illustrated in Figure 2. For CSI-RS, the RS sequence maps to frequency resources every 4 REs. In the evaluation, since no data is transmitted on the other REs, therefore, power boosting is assumed, resulting that the 1OS or 2OS CSI-RS have the same transmission power as the 2OS PRACH-like RS in each OFDM symbol. For the case when data is delivered on other REs to improve the spectral efficiency, power boosting would not be adopted. In other words, the evaluation results for the 1OS and 2OS CSI-RS shown in the following provide the optimal performance. In the time domain, the 1OS CSI-RS contains 4 repetitions, the CP is added at the beginning. The 2OS CSI-RS are two copies of 1OS CSI-RS, the CP is added at the beginning of each symbol. 
[image: ]
Figure 2. Illustration of 1OS and 2OS CSI-RS.
2.3 Detection algorithm
In the evaluation, a one-OFDM-symbol-length detection window is employed. The detection procedure is illustrated in Figure 3.
[image: ]
Figure 3. Illustration of detection algorithms for PRACH-like RS and CSI-RS.
[bookmark: _Hlk525899331]For 2OS PRACH-like RS, the local sequence is its frequency domain length 511 RS sequence. For CSI-RS, to reuse the 1024 FFT size and to reduce the implementation complexity, the first half of the local sequence uses 2 repetitions and the latter half makes zero padding. It is noticed that for CSI-RS, at most half of the sequence power is utilized for detection.
Considering the delay of received RS △i within [-Lsymbol, Lsymbol] (△i denotes the arrival time of the i-th RS respect to the start of the detection window), for the 2OS PRACH-like RS and the 2OS CSI-RS, when the delay of received RS within [-Lsymbol, 0], and for the 1OS CSI-RS, when the delay of received RS within [-Lsymbol/2, Lsymbol/2], at least half length of the sequence (i.e., half power of the sequence) can be captured in the detection window, which we define as the sequence is present in the detection window..

[image: ]
Figure 4. Illustration of RSs arriving within a detection window.
2.4 Threshold for RS detection
In the evaluation, PAPR (denotes the maximum correlation peak to the average correlation power ratio) is used to decide RS detection threshold, i.e., two steps are involved, 
· Step 1: In the false alarm scenarios that only AWGN is input to the receiver, the correlation between the noise and local sequence is performed, and the maximum correlation peak and average correlation power are computed to obtain the ratio, i.e., PAPR.
· Step 2: The CDF of PAPR is generated, where the PAPR corresponding to 99% (false alarm rate is 1%) is chosen as the detection threshold.
The reason of using PAPR for detection lies in that, if using the maximum correlation peak in the RS detection, when considering Case 2-2A and Case 2-2B, where multiple sequences are arrived, the total power of the cross correlation significantly enhances, and therefore leads to an extremely high probability of error detection.
2.5 Definition of detection probability and error detection probability
a) Detection probability
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}.
[bookmark: _Hlk526148828]We clarify that “sequence k is present in the detection window” means that at least half length of the sequence (i.e., half power of the sequence) is captured in the detection window. As shown in Figure 4, when the delay of the arrived sequence is within the region between the red dotted lines (e.g.,  for 2OS PRACH-like RS and 2OS CSI-RS, and  for 1OS CSI-RS, at least half length of a sequence is captured in the detection window. If less than half length of the sequence is captured in the detection window, it should not expect to be detected in the current detection window, of which the detection probability is not counted. However, the delay of received RS △i is randomly selected in [-Lsymbol, Lsymbol] for all evaluation case.
b) Error detection probability
The error detection probability is defined as the probability of detecting a sequence in a detection window given that the sequence is not arrived in the detection window, i.e.,
Pe_k = Prob{sequence k is detected in a detection window | sequence k is not arrived in the detection window}
We clarify that for the case that only a fraction of sequence k is present in the detection window, though we don’t count its detection probability in the current detection window, there is still a probability that it could be detected, and it should not be considered as error detection. Only when sequence k is not arrived but other sequences are, meanwhile sequence k is detected, it is counted as an error detect.
3 Initial evaluation results for RIM RS
3 
4 
3.1 Evaluation results
Table 2. Simulation parameters
	Parameters
	Values

	SCS
	30 kHz

	Bandwidth
	20 MHz

	FFT size
	1024

	False alarm probability (evaluated by only AWGN input to the receiver, i.e. modelling thermal noise)
	1%

	Length of detection window
	1 OFDM symbol

	Channel model
	AWGN + random phase

	Power offset of received RS
	[-0.5, 0.5] dB


Case 1: Single sequence + single copy
  [image: ]
Figure 5. The probability of detection as a function of SNR per RS.
It is shown in Figure 5 that, considering the detection probability counted for the sequence with at least half length is captured in the detection window, for 2OS PRACH-like RS, the probability of detection of 90% is attained at SNR = -17 dB, and for the 1OS and 2OS CSI-RS, the probability of detection of 90% is achieved at SNR = -15 dB. The 2OS PRACH-like RS provides better detection performance than that of the 1OS and 2OS CSI-RS. 
Observation 1: For Case 1, the minimum SNR that achieves detection probability of 90% are -17 dB for 2OS PRACH-like RS, -15 dB for 1OS and 2OS CSI-RS.
Observation 2: For Case 1, the detection probability of the 2OS PRACH-like RS outperforms that of the 1OS and 2OS CSI-RS due to more sequence power can be utilized in 2OS PRACH-like RS detection algorithm.
[bookmark: _Hlk525899506]As a comparison, considering the detection probability counted for all the sequences arrived in the detection window (i.e., the delay of the sequence is within [-Lsymbol, Lsymbol]), for 2OS PRACH-like RS, the probability of detection of 90% is attained at SNR = -8 dB. For 1OS CSI-RS, the probability of detection of 90% is achieved at SNR = -1 dB. For 2OS CSI-RS, the probability of detection of 90% is achieved at SNR = -10 dB. 
Observation 3: Regarding different detection probability definitions, the clarified detection probability definitions, i.e., detection probability is counted for the sequence with at least half length is captured in the detection window, can provide much better detection performance than that is counted for all the sequences arrived in the detection window.

Case 2-1: Single sequence + multiple copies
[image: ]
Figure 6. The probability of detection as a function of SNR per RS.
[bookmark: _Hlk525899858][bookmark: _Hlk525899849]It is observed from Figures 6 that with the increase of the number of copies per sequence, the probability of detection is enhanced. For the 2OS PRACH-like RS, the probability of detection of 90% is obtained at SNR = -20 dB. For the 1OS and 2OS CSI-RS, the probability of detection of 90% is attained at SNR = -17 dB.
Observation 4: For Case 2-1, the probability of detection is enhanced with the increase of the number of copies per sequence.
Observation 5: For Case 2-1, the 2OS PRACH-like RS provides the best detection performance, which achieves detection probability of 90% at SNR = -20 dB. For the 1OS and 2OS CSI-RS, the detection probability of 90% is obtained at -17 dB.

Case 2-2A: Multiple sequences + single copy
a) Metric of detection probability: minimum Pd among 8 sequences
The minimum Pd among 8 sequences is defined as,  Pd,k, where Pd,k = Prob{sequence i is detected in a detection window | sequence k is present the detection window}.
[image: ]
Figure 7. The probability of detection and the probability of error detection (proposed by CMCC) as a function of SNR per RS for 2OS PRACH-like RS, 1OS and 2OS CSI-RS. The probability of detection shows the minimum detection probability among 8 sequences.
b) Metric of detection probability: average Pd of 8 sequences
[image: ]
Figure 8. The probability of detection and the probability of error detection (proposed by CMCC) as a function of SNR per RS for 2OS PRACH-like RS, 1OS and 2OS CSI-RS. The probability of detection shows the average detection probability of 8 sequences.
It is observed from Figures 7 and 8 that with the increase of the arrived sequences, the probability of detection decreases. The reason is that the increase of the arrived sequences leads to the increase of the total power of the cross correlation, which in return decreases the PAPR for detection, and further results in the degradation of the probability of detection. Furthermore, it is noted that for 1OS and 2OS CSI-RS, a critical problem is that the probability of error detection significantly increases. It indicates that by using CSI-RS, many unnecessary backhaul links would be wrongly built for RIM.
Observation 6: The probability of detection decreases, with the increase of the number of arrived sequences.
Observation 7: The error detection probability of the 1OS and 2OS CSI-RS is higher than that of the 2OS PRACH-like RS, which leads to the establishment of many wrong backhaul links.

c) Comparison of different definitions of error detection probability
Two definitions of error detection probability is illustrated and compared in the following figure:
- Error detection probability proposed by CMCC: The probability of detecting a different sequence than all the one(s) that actually arrived within the detection window.
- Error detection probability proposed by Intel: The error detection probability of each sequence, Pe_k = Prob{sequence k is detected in a detection window | sequence k is NOT present the detection window but another sequence is}.
[image: ]
Figure 9. The probability of error detection as a function of SNR per RS.
In this evaluation, we assume that 4 sequences are arrived within the detection window, which are set to sequences #1-#4. In Figure 9, solid lines show the error detection probability proposed by Intel (denoted by Intel as “miss detection probability”), and the dash line shows the error detection probability proposed by CMCC. Using the metric proposed by Intel, the error probability of detecting not presented sequences is provided per sequence (i.e., seq#5-#8). However, using the metric proposed by CMCC, as long as a different sequence than all the one(s) that actually arrived within the detection window is detected, it is counted as an error detection, which provides a more direct explanation for the error detection event, which is the probability that at least one wrong backhaul link will be established.
Observation 8: Compare to the error detection probability of detecting each sequence that is not presented, the error detection probability of detecting a different sequence than all the one(s) that actually arrived within the detection window provides a more explicit meaning of building the wrong backhaul.

Case 2-2B: Multiple sequences + multiple copies
a) Metric of detection probability: minimum Pd among 8 sequences
[image: ]
Figure 10. The probability of detection and the probability of error detection (proposed by CMCC) as a function of SNR per RS for 2OS PRACH-like RS, 1OS and 2OS CSI-RS. The probability of detection shows the minimum detection probability among 8 sequences.
b) Metric of detection probability: average Pd of 8 sequences
[image: ]
Figure 11. The probability of detection and the probability of error detection (proposed by CMCC) as a function of SNR per RS for 2OS PRACH-like RS, 1OS and 2OS CSI-RS. The probability of detection shows the average detection probability of 8 sequences.
For 2OS PRACH-like RS, it is noticed from Figures 10 and 11 that considering multiple copies, when the number of arrived sequences increase, the probability of detection significantly degrades. The reason lies in that arriving multiple sequences and multiple copies greatly enhances the average power of the correlation power, and thus decreases the detection performance. Similar results can be observed for 1OS and 2OS CSI-RS. With the increase of the number of arrived sequences, the detection probability degradation of CSI-RS is more severe. 
Observation 9: For Case 2-2B, the detection probability decreases with the increase of the number of arrived sequences. The results of Case 2-2B cannot be straightforwardly obtained from that of Cases 2-1 and 2-2A.
c) Detection performance with respect to number of copies per sequence
[image: ]
Figure 12. The probability of detection and the probability of error detection (proposed by CMCC) as a function of SNR per RS for 2OS PRACH-like RS. The probability of detection shows the minimum detection probability among 8 sequences. Curves are parameterized with the number of copies per sequence.
Figure 12 shows that for Case 2-2B, given a number of arrived sequence, the proabability of detection with respect to the number of copies per sequence. With 4 arrived sequences, it is seen that the detection barely works when the number of copies per sequence is larger than 50. With 8 arrived sequences, the degradation of detection probability is more sever, the detection performance is unacceptable when the number of copies per sequence is larger than 20, 
Observation 10: For Case 2-2B, Using the current threshold setting scheme, the increasing of the number of copies per sequence leads to the decreasing of the detection probability. 
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.

3.2 Summary of metrics
Table 3. Minimum SNR that achieves 90% detection probability 
(for Cases 1 and 2-1)
	
	Case 1
	Case 2-1

	2OS PRACH-like RS
	-17 dB
	-20 dB

	1OS CSI-RS
	-15 dB
	-17 dB

	2OS CSI-RS
	-15 dB
	-17 dB



Table 4. Minimum and average detection probability 
(at SNR = -14 dB for Case 2-2A and at SNR = -16 dB for Case 2-2B)
	
	Case 2-2A
	Case 2-2B (# copy = 10)

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

	2OS PRACH-like RS
	min Pd
	1.0000
	1.0000
	1.0000
	0.9941
	1.0000
	0.9984
	0.9548
	0.5450

	
	avg Pd
	1.0000
	1.0000
	1.0000
	1.0000
	1.0000
	0.9992
	0.9592
	0.5546

	1OS CSI-RS
	min Pd
	0.9985
	0.9976
	0.9917
	0.9521
	0.9641
	0.8172
	0.4533
	0.1494

	
	avg Pd
	0.9998
	0.9985
	0.9936
	0.9559
	0.9705
	0.8297
	0.4659
	0.1588

	2OS CSI-RS
	min Pd
	1.000
	0.9973
	0.9845
	0.8843
	0.9638
	0.7045
	0.3079
	0.0890

	
	avg Pd
	1.0000
	0.9987
	0.9891
	0.8941
	0.9790
	0.7654
	0.3541
	0.1025


Observation 11: Regarding detection probability, the 2OS PRACH-like RS provides better performance than the 1OS and 2OS CSI-RS for all the Cases.

Table 5. Maximum error detection probability
(for Case 2-2A and Case 2-2B)
	
	Case 2-2A
	Case 2-2B (# copy = 10)

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

	2OS PRACH-like RS
	0.0941
	0.0722
	0.0459
	0.0766
	0.0634
	0.0442

	1OS CSI-RS
	0.4447
	0.3863
	0.1981
	0.1744
	0.1060
	0.0559

	2OS CSI-RS
	0.3072
	0.2329
	0.1238
	0.1620
	0.1230
	0.0990



Observation 12: Regarding error detection probability, 2OS PRACH-like RS is much lower (better) than that of 1OS and 2OS CSI-RS for Case 2-2A and 2-2B.
Based on above comparison, the 2OS PRACH-like RS can be a starting point for RIM RS detection, since it can provide better detection probability and better error detection probability.
Proposal 2: The 2OS PRACH-like RS can be a starting point for RIM RS detection.
4 Remaining evaluation assumptions
From previous agreements, there are mainly two remaining issues to be determined.
1. Issue 1: Whether Case 2-2B is needed for evaluation? 
Case 2-2B (Multiple sequences): The number of distinctive sequences is smaller than the number of RSs received by the detector. Multiple RSs may correspond to the same sequence.
This case is used to evaluate the case when multiple gNBs transmit RS in the same time slot and using the same RS sequence. According to our initial evaluation results (see Figures 10-12 in Section 3), increasing the number of RS copies using the same sequence not intuitively improves the detection probability. With the increase of the number of arrived sequences, since multiple copies brings notable enhancement of the average correlation power, it will lead to the degradation of the detection probability.
Proposal 3: The evaluation results of Case 2-2B cannot be straightforwardly obtained from that of Case 2-1 and Case 2-2A. Thus, Case 2-2B needs to be evaluated.
Proposal 4: For Case 2-2B, results for various number of copies per sequence should be provided to evaluate the influence on the detection probability.
2. Issue 2: Is there any other metrics other than detection probability that is needed? If yes, what is the exact definition for the additional metric?
During the email discussion, several metrics other than the detection probability were proposed by companies, which are mainly the following two additional metrics:
Metric 2 - Error detection probability: One type of error detection probability (denoted as Miss detection probability by Intel or Detection error probability by CMCC, CATT), which is defined as the detected sequence IDs do not match with the sequence IDs actually arrived within the detection window.
· Option 1 (CMCC, CATT): , where  is the probability of detecting a different sequence than all the one(s) that actually arrived within the detection window, where  is the number of actually arrived sequences. 
· Option 2-1 (Intel): Average miss detection probability among all sequences Pe_avg = (Pd_e+…+Pe_K)/K, where Pe_k = Prob{sequence k is detected in a detection window | sequence k is NOT present the detection window but another sequence is}
· Option 2-2 (Intel): Worst case among all the sequences, Pe_max = max_k Pe_k where Pe_k = Prob{sequence k is detected in a detection window | sequence k is NOT present the detection window but another sequence is}
The effect of error detection for the three frameworks are as follows:
For framework 1, regarding there is no need to distinguish gNBs based on arrived RS1 and the timing span pattern of RS1 and RS2 can be separated, the total number of different sequences in the whole network can be configured as 1. Therefore, there is no error detection risk in framework 1;
For framework 2-1/2-2, if error detection event occurs, aggressor will establish unnecessary backhaul link, which may cause high network overhead and cost. Therefore, for the error detection should be kept low (e.g., less than [5%]) for Framework 2-1/2-2
Regarding the above three options for the exact definition, we prefer option 1 than the other two options, since option 1 provides a more direct explanation for the error detection event, which is the probability that at least one WRONG backhaul link will be established. For option 2-1 and 2-2, the miss/error detection of one sequence may not necessarily result in a wrong backhaul link. Thus we have the following proposal:
Proposal 5: Error detection, which is defined as the detected sequence IDs do not match with the sequence IDs actually arrived within the detection window, should be the other metric for RIM RS evaluation. The exact definition is as follows:
, where  is the probability of detecting a different sequence than all the one(s) that actually arrived within the detection window, where  is the number of actually arrived sequences. 

Metric 3 - Miss detection probability: One company suggests to consider metric to measure the event of “miss detecting a sequence”, which is understood as not detecting sequence ID with the sequence IDs actually arrived within the detection window. 
Regarding the miss detection probability, we can further consider two sub-cases, partial miss detection and total miss detection.
· Partial miss detection covers the event when some sequences are actually arrived, only partial arrived one(s) are detected, while the rest are not. The effect of this case for the three frameworks are as follows:
i. For framework 1, regarding the total number of different sequences in the whole network can be configured as 1, there is no partial miss detection risk in framework 1;
ii. For framework 2-1, even if partial miss detection event occurs, aggressor can still correctly apply necessary remote interference mitigation schemes based on detection of other sequences. Therefore, the risk of partial miss detection is relatively low;
iii. For framework 2-2, even if partial miss detection event occurs, aggressor can still correctly apply necessary remote interference mitigation schemes based on the requests from other victims whose sequences can be correctly detected by the aggressor. Therefore, the risk of partial miss detection is relatively low.
In summary, partial miss detection has no risk for framework 1 if at most one sequence is supported in the whole network; and has relative low risk for framework 2.1 and framework 2.2. Therefore, we think relative evaluation metric has low priority.
· Total miss detection covers the event when some sequences are actually arrived, while none sequence is detected. For all three frameworks, if total miss detection event occurs, aggressor will not apply necessary remote interference mitigation schemes, which may disable RIM procedure.
Total miss detection has a high risk for all three frameworks. However, the total miss detection probability  can be kept low as long as the detection probability  is maintained at a high level (e.g., higher than 90%), where  is the detection probability of sequence k and A is the set of actually arrived sequences. Therefore, we think the detection probability is enough to cover the total miss detection event. 
Thus, we have the following proposal regarding miss detection probability:
Proposal 6: Miss detection probability can be kept at a low level as long as the detection probability  is maintained at a high level, therefore, there is low priority to involve an additional metric for such event.
5 Conclusions
In this contribution, we discuss on remaining evaluation assumptions as well as the evaluation results for RIM. 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 -17 dB for 2OS PRACH-like RS, -15 dB for 1OS and 2OS CSI-RS.
Observation 2: For Case 1, the detection probability of the 2OS PRACH-like RS outperforms that of the 1OS CSI-RS due to more sequence power can be utilized in 2OS PRACH-like RS detection algorithm.
Observation 3: Regarding different detection probability definitions, the clarified detection probability definitions, i.e., detection probability is counted for the sequence with at least half length is captured in the detection window, can provide much better detection performance than that is counted for all the sequences arrived in the detection window.
Observation 4: The probability of detection is enhanced with the increase of the number of copies per sequence.
Observation 5: For Case 2-1, the 2OS PRACH-like RS provides the best detection performance, which achieves detection probability of 90% at SNR = -20 dB. For the 1OS and 2OS CSI-RS, the detection probability of 90% is obtained at -17 dB.
Observation 6: The probability of detection decreases, with the increase of the number of arrived sequences.
Observation 7: The error detection probability of the 1OS and 2OS CSI-RS is higher than that of the 2OS PRACH-like RS, which leads to the establishment of many wrong backhaul links.
Observation 8: Compare to the error detection probability of detecting each sequence that is not presented, the error detection probability of detecting a different sequence than all the one(s) that actually arrived within the detection window provides a more explicit meaning of building the wrong backhaul.
Observation 9: For Case 2-2B, the detection probability decreases with the increase of the number of arrived sequences. The results of Case 2-2B cannot be straightforwardly obtained from that of Cases 2-1 and 2-2A.
Observation 10: For Case 2-2B, Using the current threshold setting scheme, the increasing of the number of copies per sequence leads to the decreasing of the detection probability. 
Observation 11: Regarding detection probability, the 2OS PRACH-like RS provides better performance than the 1OS and 2OS CSI-RS for all the Cases.
Observation 12: Regarding error detection probability, 2OS PRACH-like RS is much lower (better) than that of 1OS and 2OS CSI-RS for Case 2-2A and 2-2B.

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 PRACH-like RS can be a starting point for RIM RS detection.
Proposal 3: The evaluation results of Case 2-2B cannot be straightforwardly obtained from that of Case 2-1 and Case 2-2A. Thus, Case 2-2B needs to be evaluated.
Proposal 4: For Case 2-2B, results for various number of copies per sequence should be provided to evaluate the influence on the detection probability.
Proposal 5: Error detection, which is defined as the detected sequence IDs do not match with the sequence IDs actually arrived within the detection window, should be the other metric for RIM RS evaluation. The exact definition is as follows:
, where  is the probability of detecting a different sequence than all the one(s) that actually arrived within the detection window, where  is the number of actually arrived sequences.
Proposal 6: Miss detection probability can be kept at a low level as long as the detection probability  is maintained at a high level, therefore, there is low priority to involve an additional metric for such event.
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