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1	Introduction
At RAN#80, a study item was created aimed at remote interference management for NR, see [1].
One important milestone to reach at RAN1#94 considering the short timeframe of the study and the importance of link level simulation results, is to reach consensus on a stable set of link level simulation assumptions.
In this discussion paper we share our view on the simulation assumptions needed for link level evaluations.
2	Link level simulation assumptions
2.1	Channel model
Consider transmission between different gNBs over large distance either enabled by tropospheric ducting, or by LOS transmission, a proper channel model is necessary for the simulation evaluations.
The channel model in case of ducting can in many cases be approximated by a LOS channel tap. Still, results also support a certain delay spread, see e.g. [2]. Furthermore, if gNBs are grouped to transmit the same RS (avoiding too extensive use of RS IDs and simplifying gNB detection) the received signal will have a delay spread characteristics. Hence, we see that both types of channel models are important for the study to cover.
A static, single-tap, channel model significant lowers the effort for carrying out simulations and should have highest priority.
[bookmark: _Toc521662817]A static, single-tap, channel model is assumed as 1st priority in LLS
Agreeing on the parameters of a multi-tap channel is a non-trivial task, considering also the limited measurement results in the literature. Considering also that such design choices as grouping gNB causes delay spread characteristics of the received signal, the delay spread will largely depend on the size of the group (which is a network configuration). Therefore, we suggest a pragmatic method of just selecting the TDL-E model (multipath model with LOS component in Rural environments), using the recommended k-factor of 22 dB and a delay spread of 153 ns (representing example value of a longer delay spread in [3].
[bookmark: _Toc521662818]A multi-tap LOS channel model is assumed as 2nd priority, using TDL-E, with a k-factor of 22 dB and a delay spread scaling factor of 153 ns, in LLS
2.2	Model of remote interference (RI)
As part of the WID, see [1], is a study on a potential reference signal (RS) design to assist a gNB in assessing that it is interfering another base station. Irrespective if a new RS design is used or not, it is important to evaluate the detection probability of such a signal and the risk of false detection. Consider the scenario that multiple gNB transmit (different) RS:s that arrive at a receiving gNB with different delays. The objective is to identify the gNBs with highest power(s) at the receiving gNB.
For detecting RSs it is important to consider the expected propagation delay between an aggressor and the victim gNB. Considering that different detection windows could be used, it is proposed that the strongest RS in a simulated interfering scenario is randomly delayed relative to the detection window, i.e. {0,…,lDet. window}, with uniform probability in simulations.


Figure 1: 
[bookmark: _Toc521662819]The length of the detection window used in evaluations shall be declared
[bookmark: _Toc521662820]The simulated relative time offset between the start of the detection window and the strongest received reference signal shall be uniformly distributed
Assuming the propagation loss to be similar at a given distance, that transmit powers and antenna gains of interfering base stations are the same and that the reference signal in different aggressors is transmitted in the same symbol position, one can make a simple assumption that any residual reference signal interferers will be delayed relative to the strongest reference signal.
[bookmark: _Toc521662821]In case of multiple RS interference, weaker received RSs are delayed relative to the strongest RS 
To model multi-interferer is important to capture cross-correlation properties of overlapping reference signals and its impact to the overall detection performance. Still, the simulation complexity should be kept low and simulating a large quantity of interferer scenarios is not expected to provide much additional benefits for the RS design and understanding. It is proposed to limit the simulation effort to one multi-RS scenario.
[bookmark: _Toc521662822]Reference signal interference cases are limited to a single RS interference case, with highest priority, and, one multi-RS interference case. The proposed two channel models apply in both cases
Potentially, there could also be UL transmissions when trying to detect remote interference in the UL frame. PUSCH and PUCCH is considered to be captured by an AWGN source. This is not the case for the PUSCH and PUCCH DMRS, or for PRACH and SRS. However, to include such modelling details in the simulations is not of interest due to a too high simulation load. Hence, this is left out and instead design properties are added to the (potentially) new RS design, see [4].
[bookmark: _Toc521662823]All UL transmissions (e.g. PUSCH/PUCCH) are modelled by AWGN
In the case of atmospheric ducting with potentially thousands of gNBs interfering a victim gNB, it is not realistic to explicitly model interferers including a modulated reference signal. It is hence proposed to model such residual interference by an AWGN source.
[bookmark: _Toc521662824]Residual interference where the reference signal is not explicitly modelled are simulated using an AWGN source
Examples of the interferer scenarios are shown in Table 1 and Table 3.
[bookmark: _Ref521492416]Table 1: Example of single RS interferer scenario
	Interferer scenario
	Signal/noise
	Power1
	Delay

	RIM-1
	- RS
- AWGN
	-
-[X] dB
	Uniform
-

	NOTE 1: Relative to strongest RS interferer



Table 2: Example of multi-RS interferer scenario
	Interferer scenario
	Signal/noise
	Power1
	Delay

	RIM-2
	- RS1
- RS2
…
- RSn
- AWGN
	0 dB
-[X1] dB
…
-[Xn-1] dB
-[Xn] dB
	Uniform
[Y1]
…
[Y2]

	NOTE 1: Relative to strongest RS interferer



2.3	Other assumptions
[bookmark: _Ref521492430]Table 3: Link simulation assumptions
	Parameters
	Values

	Carrier frequency
	3.5 GHz

	System bandwidth
	20 MHz, or, if other, declared

	Antenna configuration
	1T1R

	Sub-carrier spacing
	30 kHz

	Frequency offset
	0 Hz



3	Link level evaluation metrics and results
3.1 	Metrics
The link level simulations shall be evaluated using reference signal detection rate and false detection rate.
[bookmark: _Toc521662825]Reference signal detection rate, given a false detection rate, is used as metrics in LLS
3.2	Results
Missing to detect a reference signal means that the victim gNB may continue to be interfered. But, to detect all gNB interferers is not realistic, and most importantly is to remove the dominant interfering sources from a victim’s point of view. This could be done by detecting multiple RSs at once, or sequentially in time.
[bookmark: _GoBack]In order to be able to determine a suitable RS design, and keeping a simple evaluation criterion, it is proposed to aim at detecting only the strongest RS for each RIM scenario (RIM-1 and RIM-2 above). One could envisage receivers that aim at multi RS detection, but this could be seen as the baseline of detecting the strongest RS. The main purpose of our work in 3GPP is to be able to look into different RS designs and understand at what SINR levels the RS is detectable. Detecting one RS is enough for the network to react and remove the gNB aggressor. In subsequent detection events removal of other RSs can follow. Other RSs will still act as interferers in the detection (in case of RIM-2). It is proposed that a detection rate of [95%] is aimed at. This will allow a high level of detection while at the same time avoid a too high level which will be challenging in terms of simulation time and statistical confidence. A lower value could also be considered.
In contrast to many other false detections in NR, e.g. the false detection of a N2A for PUCCH, the false detection of a reference signal will not have a detrimental impact to the system (unless this is happening too frequently of course, but not if looking at a single isolated case). 
One can consider two different false detection events
i) 	The receiver detects an RS in noise
ii) 	The receiver falsely detects RS A to be RS B
In case i), the implication of a false detection event is that the aggressor might conduct interference mitigation techniques when there is no need for it, due to that a gNB-to-gNB interference situation does not exist. A loss of for example DL throughput will exist for the period the mitigation techniques are applied but there is no vital impact to the network operation. Also, if a means to reassess the interference condition after a period of time and consequently cancel the interference mitigation exist, the harm to the network is minimized.
In case ii), the gNB will detect an RS which is not correct, but still an interference situation is present. The implication of the false detection might be a sub-optimum mitigation technique. Assume for example the RS detection assists the gNB to know how many symbols to blank in the interference mitigation. In this case the blanking of symbols might not be correct and hence either too many (unnecessary impact to DL throughput) or too few symbols (some interference is still present) are blanked. Also, for any RIM implementation relying on gNB identification (OAM or backhaul signaling) the false detection will lead to an erroneous identification. 
Case i) is considered most important and could be the focus of the simulation campaign. Case ii) will already partly be evaluated in the detection performance where e.g. the cross-correlation properties will influence the results. 
Further considering the importance of case i), the simulations can be limited to this case for false detection performance evaluations.
To derive a reasonable value for the false detection, many factors need to be considered, such as:
-	Duration of duct
-	How different RSs are mapped
-	The frequency of the RS occurrence
-	The recovery of a false detection
- 	How fast a RI decision is taken (assume for example only after five detection events that the gNB takes action, this impacts the single detection events false detection)
Further discussion in 3GPP RAN1 is encouraged on this, but left FFS for now in this paper.
[bookmark: _Toc521662826]The SINR where the detector is able to detect the strongest RS with a probability of [95%] shall be recorded. Simultaneously, the false detection rate (TBD) shall be fulfilled 
[bookmark: _Toc521662827]The false detection rate shall be evaluated in thermal noise
[bookmark: _Ref178064866]3	Conclusions
Based on the discussion in the previous sections we propose the following:
Proposal 1	A static, single-tap, channel model is assumed as 1st priority in LLS
Proposal 2	A multi-tap LOS channel model is assumed as 2nd priority, using TDL-E, with a k-factor of 22 dB and a delay spread scaling factor of 153 ns, in LLS
Proposal 3	The length of the detection window used in evaluations shall be declared
Proposal 4	The simulated relative time offset between the start of the detection window and the strongest received reference signal shall be uniformly distributed
Proposal 5	In case of multiple RS interference, weaker received RSs are delayed relative to the strongest RS
Proposal 6	Reference signal interference cases are limited to a single RS interference case, with highest priority, and, one multi-RS interference case. The proposed two channel models apply in both cases
Proposal 7	All UL transmissions (e.g. PUSCH/PUCCH) are modelled by AWGN
Proposal 8	Residual interference where the reference signal is not explicitly modelled are simulated using an AWGN source
Proposal 9	Reference signal detection rate, given a false detection rate, is used as metrics in LLS
Proposal 10	The SINR where the detector performance is able to detect RS causing [95%] of the interfering energy (for a given RS-interference model) shall be recorded. Simultaneously, the false detection rate (TBD) shall be fulfilled
Proposal 11	The false detection rate shall be evaluated in thermal noise
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