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1	Introduction
At RAN#80 a new study item on remote interference management for NR was approved, see [1].
The work started at RAN1#94 with agreements so far made listed in [2] and [3].
In this paper we assess some system performance for RIM. In particular, the detection time for reference signal transmission is investigated with dependencies on number of gNBs for detection, RS sequence space and different detector implementations.
This document is a resubmission of R1-1811441.
2	Simulator
2.1	Description
A simulator has been implemented to estimate the detection probability and risk of false detections. It is based on probabilities of detection and false alarm. That is, the radio environment is not modelled but a worst-case scenario is assumed with 90% detection rate and 1% false alarm rate, i.e. all gNBs experience the worst-case SINR..
It is expected that for a typical detector implementation, the false alarm is relatively constant over SINR while the detector probability is increased with increased SINR. Hence, in addition to the 90% detection probability agreed, an assumption of 99% detection probability (modelling a higher SINR) is investigated.
The simulator basically attempts to detect an RS with a certain periodicity in DL-to-UL switching, and for each switching period, there are multiple detections taking place (NRI, the number depending on how large propagation delay/distance the detector intends to capture).
The detector tries to detect an RS assuming a certain periodicity of the RS in the transmitting gNB and that the same RS sequence is detected in a specified number of “shots”. Assume for example that #shots=2, the detector only considers a detection to be valid if the same RS sequence is detected in tfirst det and tfirst det +TRS Period. An example is provided in Figure 1.


[bookmark: _Ref525711140]Figure 1: Example of detector sequence.
As shown in Figure 1, it is assumed here that the RS is two symbol long, the detection window is 1 symbol, the number of symbols in the UL slot where RI is assumed to be present is 5 symbols. A guard period of 3 symbols is also assumed, which amounts to a total of 8 symbols and hence protection against RI of up to around 170 km away, assuming SCS=15 kHz. In each detection instance, the false alarm is 1% and in case the RS is present, the probability of detection is 90 % (if using the baseline assumptions agreed).
It is assumed that the RI is always detected at the victim, and that after detection, RS1 is transmitted (it is assumed that the aggressor is monitoring for RS1). Following the detection of RS1 at the aggressor, it transmits RS2 which is already monitored by the victim.
Two different cases are assumed. Time for detecting a RIM RS when,
-	…an RS is transmitted
- 	…an RS is not transmitted (i.e. a false detection)
The two cases are shown in Figure 2.
[image: ]                                         [image: ]
[bookmark: _Ref525711348]Figure 2: gNB detection when RS is transmitted (left) and when RS is not transmitted (right)
2.2 	Assumptions
The simulation assumptions used are shown in Table 1.
[bookmark: _Ref525657610]Table 1: Simulation assumptions
	Parameter
	Value

	TDD switching period (Tswitch period)
	5 ms

	Detection window (WDet)
	1 OFDM symbol

	Number of UL symbols where RI can occur that is considered by the detector (NRI)
	5 OFDM symbols

	RS period (TRS period)
	60 sec

	Number of shots in detector (Nshots)
	{1, 2, 3, 4}

	Sequence space (Nseq)
	{1, 8}

	Probability of detection (PD)
	{0.9, 0.99}

	Probability of false alarm (PFA)
	0.01

	Start of the RS transmission (TStar)
	Uniformly distributed between 0 and TRS period)

	NOTE: Bold text is showing the baseline configuration and is used unless otherwise stated



2.3	Results
2.3.1	Two node system
We first look at a system with two nodes. Note that this need not be two physical nodes, but could also be two groups of gNBswith all gNBs in each group transmitting the same RS sequence mapped to the same physical resources (in this case, it is assumed that the probabilities are valid on group level).
Figure 3 shows the time for false alarm for different number of shots. 
Assume for example that we want not more than 5% of the base stations to falsely report a ducting event (given that it is not present) after 5 min, then four shots are required.
As can be seen from the plot, there is a large dependency between number of shots and the time until false detection.
[bookmark: _Toc525910652]The time until false detection of an RS is largely dependent on the number of consecutive shots in the detector needed for a valid detection.
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[bookmark: _Ref525657628]Figure 3: Time for false detection. The red marking is the 5% and 5 minute point
Figure 4 instead shows the detection time of an RS when the duct is present. This detection can stem from both a false detection and a “true” detection (a detection of RS when it is present in the symbol detected). By keeping false alarm low (using multiple shots), we can ensure that true detection is dominating the detection events. The detection time in Figure 4 is shown for the determined four shots (as determined by the false detection performance). Also, three shots and five shots are shown as comparison.
[bookmark: _Toc525910653]In case of ducting event, at least a few number of shots seems likely needed to ensure the detection event is not caused by false alarm
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[bookmark: _Ref525657641]Figure 4: Detection time
‘RS1’ is referring to the time from the RI is detected until RS1 is received at the aggressor.
‘Total’ is referring to the time from the RI is detected until RS2 is received at the victim (assuming RS2 is transmitted after RS1 has been detected).
As can be seen, the detection time varies substantially depending on the number of shots assumed. For the identified case of four shots, the time for detecting at least 90% of the gNBs are 8 min and 14min for ‘RS1’ and ‘Total’ respectively. 
[bookmark: _Toc525910654]In a single RS case, there could be substantial time difference between the detection time of only RS1 and for detecting both RS1 and RS2. The time is largely dependent on RS periodicity and detector implementation
Comparing Framework 1 and Framework 2(-X), one can see the ‘RS1‘-time as being representative of the ‘Total’ time in case of Framework 2 (where the RS2 signalling is carried out via backhaul and should take < 1 sec). Hence, if looking at the 90%-tile, the gain with a Framework 2 compared to Framework 1 is around 43 %.
2.3.2	Improved detection performance
The  detection time can be reduced by improving the detector performance, for example by increasing the SINR. As stated already, the false alarm is expected to remain on a similar level while the detection probability is expected to increase. It is here assumed that the probability of detection is increased to 99% and that the detection time is 4 shots as in Figure 4 (ensuring we are not limited by false alarm, in which case an improved detection probability would have little impact).
Figure 5 shows the results comparing PD=0.9 and PD=0.99. As expected, the detection time is reduced when the detection probability is increased.
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[bookmark: _Ref525657682]Figure 5: Detection probability 0.9 vs 0.99
[bookmark: _Toc525910655]Assuming false alarm is relatively SINR independent, an improved detection probability could substantially reduce the detection time, assuming it is not limited by false alarm events
2.3.3	Impact on sequence space
In Figure 6, the impact on false detection rate with an increased sequence space of 8 is investigated. When a false detection occurs, it is assumed the detector only detects one RS sequence, uniformly distributed amongst the sequences in the set. The probability of a RS sequence detection (0.9) is not impacted. That is, it is assumed that if a sequence is present, it is detected by PD (irrespective of the size of the sequence space).
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[bookmark: _Ref525657693]Figure 6: False detection with RS sequence space = 8. The red marking is the 5% and 5 minute point
As can be seen, the 3 shot detection performance is now below the requirement put up in Section A.3.1. 
[bookmark: _Toc525910656]The RS sequence space can have a significant impact on the false alarm rate in case of multi-shot detector
2.3.4	Impact on the number of nodes
Furthermore, the number of nodes visible to a given gNB will influence the time until a first detection. Assume for example that the number of nodes visible are two. The number of nodes will ensure the first TStart to occur earlier than in a case with only one node visible. Figure 7 shows the time until the first RS detection for different number of nodes transmitting RSs. As expected, the detection time vastly reduces with number of nodes (assuming here each node is using a different mapping in time onto the physical resources)
[image: ]
[bookmark: _Ref525657704]Figure 7: Detection time with different number of nodes transmitting RSs (RS sequence space = 8)
Comparing now Framework 1 and Framework 2 at 90%-tile, the main difference is the minimum detection time (strictly determined by the number of shots and the RS periodicity), at least for a higher number of nodes. 
[bookmark: _Toc525910657]The number of RSs coming into the receiver will have a large impact on the time until the receiver detects a first RS (the first RS in the set of RSs)
It should be noted that the time shown is the time until the first RS1 detection. Any RS1 being detected will result in a mitigation scheme applied at the aggressor. However, this does not ensure sufficient interference mitigation for all nodes that are interfered by the aggressor, but it will mitigate the interference (to some extent) to all nodes.
2.3.5	Results summary
The results from the simulator are summarized below:
- 	It is quite clear that given the assumptions on detection probability and false alarm, and considering that a significant number of detections will occur between actual RSs received, multiple shots in the detector needs to be considered to provide a low enough total false alarm rate. The more shots needed, the longer the detection time.
-	The results are very dependent on the number of gNBs seen by the detecting node, with a faster detection time for a first detection of any given RS detection the more nodes are visible. It is also dependent on the sequence space assumed, the length of the detection window after each switching time and the RS periodicity.
-	The results also illustrate the potential benefit of a backhaul solution in terms of system reaction time to a duct and overall reliability for the RIM.The gains are quite dependent on the assumptions made.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The time until false detection of an RS is largely dependent on the number of consecutive shots in the detector needed for a valid detection.
Observation 2	In case of ducting event, at least a few number of shots seems likely needed to ensure the detection event is not caused by false alarm
Observation 3	In a single RS case, there could be substantial time difference between the detection time of only RS1 and for detecting both RS1 and RS2. The time is largely dependent on RS periodicity and detector implementation
Observation 4	Assuming false alarm is relatively SINR independent, an improved detection probability could substantially reduce the detection time, assuming it is not limited by false alarm events
Observation 5	The RS sequence space can have a significant impact on the false alarm rate in case of multi-shot detector
Observation 6	The number of RSs coming into the receiver will have a large impact on the time until the receiver detects a first RS (the first RS in the set of RSs)
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