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1. Introduction

Study item on remote interference management for NR was approved in RAN#80 meeting. In RAN1#94 meeting, mechanism for remote interference management was discussed, and three RIM frameworks were agreed as starting point for further study, with framework 0 as basis for comparison. Framework 0 has already been deployed in commercial TD-LTE network. In RAN1#94bis meeting, the following agreements were made on reference signal for identification of aggressor and/or victim gNBs.
Agreements (#1):

· The bandwidth of RIM-RS can be smaller than the carrier bandwidth.

· FFS. [20MHz, 10MHz, 5MHz, 20 PRB] as a starting point.
· The RIM RS SCS can be configured by the network.

· FFS: The candidate set of the RIM RS SCS.
Agreements (#2):

· The pseudo-random sequence (length-31 Gold sequence) specified in NR is adopted as the RIM RS sequence

Agreements (#3):

· Time-domain circular characteristics should be satisfied for NR-RIM design. The following alternatives are used for further evaluation.

· Alt 1: 1 symbol RS using existing CSI-RS with comb-like structure in frequency-domain; 

· Comb factor = 2 and 4;

· Alt 2: 2 symbol RS, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences; 

· Alt 3: 2 symbol RS, where the CP is separately added to the front of each OFDM symbol, but in frequency domain, the RIM-RS in different OFDM symbols need to be multiplied with different linear phase rotation factors.

· Note that Alt 2 and Alt 3 may be identical in terms of performance. It is claimed that Alt 3 can use the same FFT as PDSCH generation. Under proper CP design, Alt 2 can also use the same FFT as PDSCH generation.

In this contribution we provide our evaluation results on reference signal design. 
2. Evaluation results 

In order to avoid sample-by-sample search at the receiver, it was agreed to have time-domain circular characteristics for RIM RS design. Two of the alternatives identified in RAN1#94bis meeting are evaluated.

Alt-1:

One OFDM symbol is used to transmit RIM-RS with comb-like structure in frequency-domain. It is known that comb-like structure in frequency-domain creates repetition in time domain. With comb = 2, the time domain signal are repeated twice within one OFDM symbol. The structure of the reference signal is shown in Figure 1. The length of the detection window is one OFDM symbol. The receiver only searches the reference signal symbol by symbol rather than sample by sample. There is at least one detection window (one OFDM symbol) covering a complete copy of the repeated signal regardless the arrival timing of the reference signal.  

The length of detection window Lsymbol = 1. The arrival time of the received RS with respect to the start of the detection window is uniformly distributed within [-Lsymbol, Lsymbol]. Only RS arrives within [-Lsymbol/2, Lsymbol/2] is counted in the calculation of detection probability, as RS arrives within [Lsymbol/2, Lsymbol] or [-Lsymbol, -Lsymbol/2] would be detected in other detection windows. 
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Figure 1: Illustration of reference signal and detection window of Alt-1
Alt-3:

Two consecutive OFDM symbols are used to transmit the reference signal. The structure of the reference signal of Alt-3 is shown in Figure 2. The first OFDM symbol is a normal OFDM symbol with cyclic prefix. The second OFDM symbol has a cyclic postfix. That is, a number of samples from the beginning are copied to the end of the OFDM symbol. By transmitting in this way, any segment with length of an OFDM symbol is a cyclically shifted version of the reference signal.
The length of the detection window is one OFDM symbol. The receiver searches the reference signal symbol by symbol. The reason is that there is at least one detection window (one OFDM symbol) covering a complete copy of the reference signal (maybe cyclically shifted) regardless the arrival timing of the reference signal.  

The length of detection window Lsymbol = 1. The arrival time of the received RS with respect to the start of the detection window is uniformly distributed within [-Lsymbol, Lsymbol]. Only RS arrives within [-Lsymbol, 0] is counted in the calculation of detection probability, as RS arrives within [0, Lsymbol] would be detected in the next detection window. 
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Figure 2: Illustration of reference signal and detection window of Alt-3
Gold sequence (length-31 Gold sequence) specified in 3GPP TS 38.211 is used. Initialization value is randomly chosen within [0, 2^31-1]. If multiple sequences are used, multiple different initialization values are randomly chosen. Length of the sequence is 511 for Alt-3 and 255 for Alt-1 so that the occupied bandwidth of Alt-1 and Alt-3 are the same. In frequency domain, the sequence is mapped to consecutive subcarriers (Alt-3) or every other subcarriers (Alt-1 with comb = 2) in the center of the system bandwidth.
The other simulation parameters are summarized in Table I.
Table I: Simulation assumptions
	Parameters
	Assumptions/Explanation

	SCS
	30kHz

	Simulation bandwidth
	20MHz

	gNB MIMO configuration
	1T1R

	Frequency offset
	0Hz

	FFT size
	1024

	Length of detection window Lsymbol
	1

	Channel model
	AWGN with random phase

	Delay of received RS
	[-Lsymbol , Lsymbol]


Case 1
For case 1, there are Nseq = 1 sequence in the network. Only one copy of the sequence falls within the detection window. Figure 3 shows the detection probability given different SNR value. The minimum SNR required to achieve 90% detection probability is -14.3dB and -4.9dB for Alt 3 and Alt 1, respectively. False alarm rate is below 0.5%. 
Observation: 
· Alt 3 provide 9.4dB gain over Alt 1 under Case 1 @90% detection probability.
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Figure 3: Detection probability of Case 1 – Alt3 (left) and Alt 1 (right)
Case 2-1
Case 2-1 is similar to case 1. A single sequence is transmitted in the network. Ten copies of the sequences fall within the detection window.
Figure 4 shows the detection probability given different SNR values. The minimum SNR required to achieve 90% detection probability is -16.6dB and -7.5dB for Alt 3 and Alt 1, respectively. False alarm rate is below 0.5%.
Comparing case 1 and case 2-1, it can be seen that more copies of the same sequences in the detection window is beneficial in improving the detection probability. Table II presents the minimum required SNR to achieve 90% detection probability when more copies arrive in the detection window. It can be seen that when m > 20, detection performance does not change much. 

Observation: 
· Alt 3 provide 9.1dB gain over Alt 1 under Case 2-1.
[image: image5.emf]0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

120.00%

-24 -22 -20 -18 -16 -14 -12 -10 -8

SNR(dB)

   [image: image6.emf]0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

120.00%

-24 -19 -14 -9 -4

SNR(dB)


Figure 4: Detection probability of Case 2-1 – Alt3 (left) and Alt 1 (right)
Table II: Detection probability of Case 2-1
	
	Number of total copies arriving within the window

	m
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100

	Required SNR (dB)
	-16.6
	-17.2
	-17.3
	-17.2
	-17.1
	-17.1
	-17.1
	-17.1
	-17.3
	-17.4


Case 2-2A
For case 2-2A, there are Nseq = 8 sequences in the network. Each RS that falls within the detection window corresponds to a different sequence. The number of sequences within the detection window n = 1, 2, 4, 8. In each drop of the simulation, the n sequences within the detection window are randomly selected from the Nseq = 8 sequences.  
Figure 5 and Figure 6 show the detection probability and detection error given different SNR values, respectively. It can be seen that the detection error is below 0.5%. The minimum SNR required to achieve 90% detection probability is summarized in Table III. 
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Figure 5: Detection probability (left) and detection error (right) of Case 2-2A – Alt3
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Figure 6: Detection probability (left) and detection error (right) of Case 2-2A – Alt1
Table III: Minimum SNR to achieve 90% detection probability
	
	Number sequences arriving within the window

	
	n = 1
	n = 2
	n = 4
	n = 8

	Alt 3
	-13.7
	-13.5
	-13.2
	-12.5

	Alt 1
	-4.0
	-3.2
	-1.2
	NA


Observation: 
· Alt 3 provide around 10dB gain over Alt 1 under Case 2-2A, and the gain increases with n.
Case 2-2B
For Case 2-2B, there are Nseq = 8 sequences in the network. The number of sequences within the detection window n = 1, 2, 4, 8. The number of RS corresponds to a sequence that arrive in the detection window is m = 10. In each drop of the simulation, the n sequences within the detection window are randomly selected from the Nseq = 8 sequences.
Figure 7 and Figure 8 show the detection probability and detection error given different SNR values, respectively. It can be seen that the detection error is below 0.5%. The minimum SNR required to achieve 90% detection probability is summarized in Table IV.
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Figure 7: Detection probability (left) and detection error (right) of Case 2-2B – Alt3
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Figure 8: Detection probability (left) and detection error (right) of Case 2-2B – Alt1
Table IV: Minimum SNR to achieve 90% detection probability
	
	Number sequences arriving within the window

	
	n = 1
	n = 2
	n = 4
	n = 8

	Alt 3
	-15.6
	-14.6
	-11.4
	NA

	Alt 1
	-5.9
	NA
	NA
	NA


Observation: 
· Alt 3 provide around 9.7dB gain over Alt 1 under Case 2-2B with n = 1, and the gain gets larger with larger n.
3. Conclusion
In this paper, we present our evaluation results on reference signal design. Two of the alternatives identified in RAN1#94bis meeting are evaluated. It can be seen from the evaluation results that Alt 3 provides around 10dB gain over Alt 1 under various cases. Based on the evaluation results, we have the following proposal:
Proposal:

· Time-domain circular RS with 2 OFDM symbols is supported for RIM RS.
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