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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80, a new study item aiming at remote interference management (RIM) was approved, and has been revised in [1]. In RAN1#94, simulation assumptions are agreed for RS performance evaluation [2]:
	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 base sequences arrived within the detection window: FFS
· Metric: FFS.


In this contribution, we provide our simulation results of inter-gNB reference signal (IgRS) for RIM, including miss-alarm rate, false-alarm rate, etc.

[bookmark: _Ref129681832]RS design for RIM purpose
[bookmark: _Ref521612108]RS sequence and resources
We use the Gold sequence specified in NR and QPSK modulation to generate the IgRS. We assume that there are at most 8 kinds of IgRS sequence, i.e. 8 different initial phases, to be detected in each UL symbol. But for the purpose of examining the cross-correlation performance between any 2 different IgRS sequences, transmitting 2 out of 8 IgRS sequences at one time is enough.
The configurations of IgRS are listed in the following table:
Table 2‑1: RS configuration.
	Feature
	Configuration
	Notes

	RS sequence
	Gold sequence + QPSK modulation
	

	Length of RS sequence
	600
	a length-600 IgRS is cropped from a length-1200 Gold sequence.

	Time domain pattern
	Consecutive 2~4 OFDM symbols
	CP (cyclic prefix) is only added in the front of the 1st OFDM symbol. No CS (cyclic suffix) is added at the end of the last OFDM symbol.
[image: ]

	Frequency domain pattern
	Consecutive 600 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 it is almost a full bandwidth signal transmission.


Other simulation assumptions can be found in the appendix. The simulation assumption follows the agreement of RAN1#94 [2].
RS transmission and detection
Each IgRS lasts one OFDM symbol (without CP) in time domain, which is the same as PDSCH and PUSCH. For each transmission, IgRS are repeated 2~4 times in time domain, and a CP is added to the front of the 1st IgRS OFDM symbol. 
For IgRS detection, it is related to the repetition number of IgRS. As discussed in our companion paper [3], a reception gNB should blindly detect the IgRS in all UL/GP OFDM symbols. Denote the repetition number of IgRS as N. One detection window includes N-1 OFDM symbols, where the received samples can be combined if N-1≥2. If any of the detection window detects the IgRS, it can be regarded as a successful detection. The 1st OFDM symbol of the 1st detection window is the 1st OFDM symbol that can receive signals. Assuming that GP OFDM symbols cannot be utilized for reception, then the 1st UL symbol is the 1st OFDM symbol of the 1st detection window. 
Figure 2‑1 illustrates how the IgRS transmission and detection is modeled, assuming that the IgRS repetition number is 2:
[image: ]
[bookmark: _Ref525035304]Figure 2‑1: Illustration of IgRS transmission and detection, 2 repetitions. 
Denote the IgRS delay as D OFDM symbols. We can also see that:
a) When -1 < D < 0 (i.e. –Lsymbol < D*Lsymbol < 0), one complete IgRS (though may be cyclically shifted) can be received by the 1st detection window. The detection performance should be up to the 1st detection window.
b) When 0 < D ≤ 1, the 1st detection window cannot receive a complete IgRS. Instead, the 2nd detection window receives a complete IgRS. The detection performance should be up to the 2nd detection window.. 
c) When 1 < D ≤ 3, 3 < D ≤ 5…, similarly, at least one detection window can receive one complete IgRS. The performance will be the same with -1 ≤ D ≤ 1, so no need to simulate these cases.
In our simulation, the above scene is simulated. The arriving time of IgRS is randomly deployed between [-Lsymbol, Lsymbol]. Two detection windows are going to be applied to detect the IgRS. Each detection window includes N-1 OFDM symbols. The initial correlation results will be combined using non-coherent accumulation, if N-1≥2. Figure 2‑2 gives another example when the repetition number of IgRS is 3.
[image: ]
[bookmark: _Ref525047962]Figure 2‑2: Illustration of IgRS transmission and detection, 3 repetitions. 
Simulation results
In this section, we provide our simulation results. The results are counted with the following rules:
Miss-alarm: If an IgRS sequence is transmitted by any of the transmitting gNB, but is NOT successfully detected, then the case is counted as a miss-alarm.
False-alarm: If an IgRS sequence is NOT transmitted by any of the transmitting gNB, but is detected by error, then the case is counted as a false-alarm.
Note that, for the case when only 1 IgRS sequence is transmitted, the false-alarm is caused by the Gauss noise. For the case when more than 1 IgRS sequence is transmitted, for one specific IgRS sequence, the false-alarm is caused by both Gauss noise and other IgRS sequences.

Case 1: Single RS + AWGN
For Case 1, only one IgRS sequence is transmitted by one gNB. The IgRS is randomly chosen from the 8 alternatives in each simulation case. Figure 3‑1 shows the miss-alarm ratio where the false-alarm is restricted below 1%:
  [image: ]
[bookmark: _Ref525501375][bookmark: _Ref525134563]Figure 3‑1: Miss-alarm ratio, Gold+QPSK, delay [-Lsymbol, Lsymbol].
As can be seen from Figure 3‑1, when the false alarm ratio is below 1%, if a 10% miss-alarm ratio is targeted at, then the lowest detection SNR are -14.5 dB, -15.5 dB and -15.9 dB for repetition number 2, 3 and 4, respectively.  Increasing the repetition number seems not so efficient when N≥4, since the improvement of miss-alarm ratio is small, not to mention the increasing resource cost. If a lower SNR is required, it is advised to increase the number of reception antenna. Currently, 1T1R is regarded as a starting point for simulation. But in reality, a gNB should have more than one antenna. The detection performance can be further improved by multiple antennas.
Case 2: Multiple RS + AWGN
For Case 2, two different IgRS sequences are transmitted by two different gNBs. The 2 IgRS sequences are randomly chosen from 8 alternative sequences. The transmitted powers of the two sequences are independent, which are uniformly deployed within [-0.5 dB, 0.5 dB] referred to a predefined power P0. 
Figure 3‑2 shows the miss-alarm ratio where the false-alarm is below 1%:
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[bookmark: _Ref525498918]Figure 3‑2: Miss-alarm ratio, Gold+QPSK, 2 RS, delay [-Lsymbol, Lsymbol].
From Figure 3‑1 and Figure 3‑2, we can see that the miss-alarm ratio of Case 2 is almost the same with Case 1. The small performance deterioration (less than 0.3 dB at 10% miss-alarm ratio) may be mainly caused by the floating transmission power [-0.5 dB, 0.5 dB]. 
The above simulation results can be taken into consideration when designing the RS sequence and resource. As also suggested in [3], the detection requirement should be clarified to guide the design of RS. For example, the lowest target SNR should be decided when a certain miss-alarm ratio and a certain false-alarm ratio are both met. 
From the above simulation results, we can also observe that the Gold sequence + QPSK modulation shows good correlation performance. We suggest taking the already specified Gold sequence in NR as the starting point for IgRS design. This can also reduce the specification work load and implementation complexity.
Proposal: Take the pseudo-random sequence (length-31 Gold sequence) specified in NR as the starting point for IgRS design.

Conclusions
In this contribution, we show our simulation results on IgRS detection, which is generated by Gold sequence and QPSK modulation. We have the following proposal:
Proposal: Take the pseudo-random sequence (length-31 Gold sequence) specified in NR as the starting point for IgRS design.
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Appendix
	Parameter
	Value

	Simulation bandwidth
	20 MHz

	SCS
	30 kHz

	gNB MIMO configuration
	1T1R

	Frequency offset
	0 Hz

	FFT size
	1024

	Length of detection window
	N * Lsymbol (N is the repetition number of IgRS)

	Channel model
	AWGN

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

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

	Simulation cases
	1): Single RS + AWGN (mandatory)
2): Multiple RS + AWGN (mandatory)
· Number of total RSs arrived within one detection window: 2
· Number of base sequences arrived within the detection window: 2

	Metric:
	Detection probability with a false alarm restriction of [1%]
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