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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:
i. Potential reference signal design for gNB to identify that it creates strong inter-gNB interference to some victim gNB [RAN1]
1. Existing reference signals are starting points of discussion.
ii. 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]

To study the performance of potential reference signals for gNB to identify the strong remote interferce, link-level simulation is necessary to examine the performance of the reference signal in the RIM framework. In this contribution, we discuss on the evaluation assumptions and the metrics for RIM.
RS related assumptions
In our contribution [2], we have discussed two possible frameworks for RIM. Within the proposed RIM frameworks, candidate reference signal design for RIM is also addressed in [3], and link-level simulation is able to justify the performance of candidate reference signals. Regarding to the simulation assumptions, descriptions of the RS should be provided first:
· RS sequence: 
It is preferred to reuse some existing NR sequence generator as a baseline, the pseudo-random (PN) sequence  adopted in NR downlink reference signal can be re-used, other existing NR sequences (e.g., ZC sequence) can also be a candidate;
· Number of sequence: 
Assume that S sequences with different initial phases could be used for multiplexing, e.g., S = 8 different initial phases of the RS sequence can be set as a starting point.
· RS time pattern: 
The time pattern of RS should be carefully designed to meet the requirements in [2]. Referring to the implementation in LTE TDD, the last several OFDM symbols at the DL transmission within the DL-to-UL switching period are usually used for RIM RS transmisson. RS could last for one or two symbols depending on specific design. Consecutive 2 OFDM symbols for RS transmission can be a starting point. 
· RS frequency pattern: 
We assume that the NR system bandwidth is 100MHz, and RS for RIM occupies part of the system bandwidth, 20MHz could be considered for simulation at first.
· Other RS bandwidth configurations are not precluded
· Whether RIM RSs from different gNBs support FDM in frequency subbands or not is FFS.
· OFDM baseband signal generation: 
In order to reduce the RS detection complexity, we suggest to adopt the PRACH-like OFDM baseband signal generation method (PRACH OFDM baseband signal generation is captured in 38.211 [4], as shown in Figure 1), where several copies of the sequence are concatenated and CP is attached at the beginning the concatenated sequences. By utilizing such design, the receiver is able to capture a complete sequence within a detection window of one symbol length, whenever a RS arrives, making the detection easier. 
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Figure 1. PRACH-like OFDM baseband signal generation for candidate RIM RS
· Number of RSs arrived at a detection window: 
For the remote interference management framework in [2], only co-channel interference between gNBs with the semi-static TDD configuration is considered. However, considering the proposed remote interferce scenarios where the interferce to a gNB might come from remote gNBs with different distance (hundreds of kilometers), the victim gNB might receive interference from a cluster of aggressor gNBs, and an aggressor cell might receive multiple RSs when a cluster of victim gNBs has recognized the remote interference and triggerred the RIM RS transmissions. As a result, cases of receiving a single RS as well as multiple RSs at the detection window should be considered for simulations, 
· Maximum number of RSs arrived within a detection window is N, where N can be selected from the subset [8, 16, 32, 64], and other configurations are not precluded
· Each RS sequence is selected randomly from the candidate S sequences with different initial phases, e.g., S = 8.
· RS detection method: 
For NR RIM, the reference signal detection can be carried out one OFDM symbol at a time (the detection window per shot is one-OFDM-symbol long and the detection window slides over to the next UL OFDM symbol within the DL-to-UL switching period). For simplicity, the RS detection performance is evaluated within one detection window and no sliding is considered in the simulation. Multiple RSs arrive at one detection window with different propagation delay and power, and the propagation delay and power of the i-th received RS is denoted as {△i, Pi}, (i=0,1,…,N)., where △i is defined as the time difference between the arriving time of the i-th RS and the beginning of the detection window. For the initial simulation, it is suggested that , 
· Delay of the arrived RS: △i of multilple arrived RSs are uniformly distributed across [-2*Lsymbol, Lsymbol], where Lsymbol is the length of one UL OFDM symbol, as shown in Figure 2;
· Power of the arrived RS: Under the assumption that the power diferences of multiple RSs arriving at one UL OFDM symbol, are relatively small, two options can be assumed in the simulations:
· Option 1: Pi is the same for multiple RSs
· Option 2: Pi contains a power offset with respect to the reference power P0, where the power offset is randomly selected from [-0.5dB, 0.5dB] 



Figure 2. RS detection is carried out within one OFDM symbol detection window 

Proposal 1: Link-level simulation is used to evaluate the performance of the reference signals in the RIM framework. 
Proposal 2:Regarding to the simulation assumptions, descriptions of the candidate RIM RS parameters should be provided first, at least including the following, 
· RS sequence 
· Number of sequence 
· RS time pattern 
· RS frequency pattern
· OFDM baseband signal generation 
· Number of received RSs within a detection window
· RS detection method 
3   Channel model related assumptions
Considering the channel model, we suggest that a LOS channel with propagation delay between gNBs are used to describe the propagation charactistic of the atmospheric ducting phenomenon. In addition, at the UL OFDM symbol which is configured to monitor the RIM RS, there might be PUSCH scheduling for UL transmission at the same time in good channel condition, which will cause the interference to RS detection. In the simulation, the impacts of interference of PUSCH scheduling on the detection performance can also be addressed.

The main evaluation cases related to channel model are suggested as follows, 
· Case 1: Single RS + AWGN
· Case 2: Multiple RSs + AWGN 
· For the number of RSs, delays and received power of mutitiple RSs, take the assumption in Section 2 as working assumption.
· Case3: Single RS + AWGN + PUSCH scheduling (in good channel condition)
· Number of RB and MCS of PUSCH: 
· PUSCH scheduling over 10% system bandwidth (e.g.,25RB for 30KHz SCS), other case is not precluded.
· QPSK and code rate of 1/3 as a working assumption.
· Power offset of PUSCH interference over thermal noise is no more than [X dB], e.g. X = 20 dB
· Case 4：Multiple RS + AWGN + PUSCH scheduling (in good channel condition)
· For the number of RSs, delays and received power of mutitiple RSs, take the assumption in Section 2 as working assumption.
· Number of RB and MCS of PUSCH: FFS,
· PUSCH scheduling over 10% system bandwidth(e.g.,25RB for 30KHz SCS) , other case is not precluded.
· QPSK and code rate of 1/3 as a working assumption.
· Power offset of PUSCH interference over thermal noise is no more than [X dB], e.g. X = 20 dB

Considering the urgent time-line of RIM SI and the simulation workload, it is recommended to set Case 1 (Single RS + AWGN) and Case 2 (Multiple RS + AWGN) as mandatory with highest priority, so that the simulation results among different companies can be compared and calibrated as soon as possible. The Case 3 and Case 4 can be set as optional.

Proposal 3:  Considering the channel model, we suggest that a LOS channel with propagation delay between gNBs are used to describe the propagation charactistic of the atmospheric ducting phenomenon.
Proposal 4: Case 1 (Single RS + AWGN) and Case 2 (Multiple RS + AWGN) are recommended to be mandatory with highest priority. 
4  Performance Metrics for evaluation
The impact of introducing the reference signals should be analyzed, including:
· The complexity of reference signal detection for gNB;
· Overhead for the RS transmission and detection/measurement;
· Impact on legacy UEs,
and the detection performance of the reference signals for NR RIM should be evaluated by simulations, including:
· RS detection probability: 
· The probability of correct detection of RSs that is fully captured within a detection window (e.g., RS2/RS3/RS4/ RS7 in Figure 2). 
· RS detection probability of each RS fully captured by the detection window needs to be provided, if the it is set with various power difference of different RSs. 
· In addition, the average ratio between the already detected RS number over the potential detectable RS number within the detection window is recommended to be provided.
· RS false alarm probability: the probability of RS detection without RS transmission. The target false alarm probability should be set in the simulation to generate the detection threshold, and should be shown.
· Power ratio of RS over thermal noise: target at around [90%] RS detection probability, 
· Where the detection probability is used for initial evaluation purpose and it should not impact the RAN4 requirement design.
· Provide the curve of the detection probability as a function of power ratio of RS over thermal noise.
· Detection probabilities should be evaluated for multiple RSs,
· Dectection probabilities Pdi (i=0,1,…,N) for M RSs among N arrived RSs (N>=M), where M is the number of RSs that can be detected within the detection window.
· Dectection probabilities for at least one RS among N arrived RSs (N>=1) , which can also be calculated by the formula of 1- (1-Pd1)*(1- Pd2)*…..(1- PdM). 
  
Proposal 5: The impact of introducing the reference signals, and the detection performance of the reference signals for RIM should be evaluated by analysis as well as simulations . 
Proposal 6: Performance metrics of RS detection probability should be evaluated vs. power ratio of RS over thermal noise, which targets at around [90%] RS detection probability.
Conclusions
In this contribution, we discuss on evaluation assumptions as well as the metrics for RIM. Based on the above discussions, the proposals are as follows:

Proposal 1: Link-level simulation is used to evaluate the performance of the reference signals in the RIM framework.
Proposal 2:Regarding to the simulation assumptions, descriptions of the candidate RIM RS parameters should be provided first, at least including the following, 
· RS sequence 
· Number of sequence 
· RS time pattern 
· RS frequency pattern
· OFDM baseband signal generation 
· Number of received RSs within a detection window
· RS detection method
Proposal 3: Considering a LOS channel with propagation delay between gNBs to be used to describe the propagation charactistic of the atmospheric ducting phenomenon.
Proposal 4: Case 1 (Single RS + AWGN) and Case 2 (Multiple RS + AWGN) are mandatory with highest priority, so that the simulation results among different companies can be compared and calibrated as soon as possible.
Proposal 5: The impact of introducing the reference signals, and the detection performance of the reference signals for RIM should be evaluated by analysis as well as simulations . 
Proposal 6: Performance metrics of RS detection probability should be evaluated vs. power ratio of RS over thermal noise, which targets at around [90%] RS detection probability.
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Annex： Common link-level simulation assumptions

	Link-level Parameters
	Simulation assumptions
	Notes

	Carrier frequency: 
	2.6 GHz or 3.5 GHz
	

	System bandwidth
	100MHz
	

	Bandwidth for RIM RS transmission
	20MHz
	Other RS bandwidth configuration is not precluded

	Duplex
	TDD 
	

	SCS
	30 kHz
	Typical RIM scenario among macro gNBs

	FFT size
	1024
	

	Frequency difference among gNBs
	0 Hz
	

	MIMO configuration
	[1T1R]
	Other configuration is not precluded

	RS sequence
	PN sequence as a starting point， and ZC sequence can be candidates
	Prefer to reuse some existing NR sequence generator. 

	Number of sequence 
	S different initial phases for the RS sequence, e.g., S =8
	

	RS time pattern 
	Consecutive 2 OFDM symbols for RS transmission
	other configuration is not precluded

	RS frequency pattern
	Assume occupied bandwidth for RIM RS is only part of the system bandwidth,e.g., 20MHz
	Whether RIM RS from different gNBs can be FDM in frequency subbands is FFS

	OFDM baseband signal generation
	PRACH-like OFDM baseband signal generation method
	

	Maximum RSs arrived at a detection window 
	N can be selected from the subset  [8, 16, 32, 64]
	Other configuration is not precluded

	Length of
dectection window for RS
	1 OFDM symbol
	

	Delay of received RS
	△i of multilple arrived RSs are uniform distributed across [-2*Lsymbol, Lsymbol], where Lsymbol is the length of one UL OFDM symbol
	△i (i=0,1,…,N) is the time difference between the arriving time of i-th RS with respect of the beginning of the detection window

	Power of the received RS 
	· Option 1: Pi is the same for multiple RSs
- Option 2: 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] 
	

	Number of RB for PUSCH sheduling
	PUSCH scheduling over 10% system bandwidth (e.g.,25RB for 30KHz SCS) could be a reference.
	

	Power offset of PUSCH interference over thermal noise
	No more than [XdB], X = 20dB is a reference
	
FFS

	Channel model
	Delayed LOS + AWGN 
	Assume LOS channel with propagation delay between gNBs

	Evaluation cases related to channel model
	Case 1: Single RS + AWGN
Case 2: Multiple RS + AWGN 
Case 3: Single RS + AWGN + PUSCH scheduling
Case 4：Multiple RS + AWGN + PUSCH scheduling
	Case 1 (Single RS + AWGN) and Case 2 (Multiple RS + AWGN) are mandatory with the high priority
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