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1   Introduction

In RAN meeting #80, a study item on remote interference management for NR was approved [1]. Among the objectives of the SI [2] is to study mechanisms for identifying which gNB(s) generate strong remote interference, including the following aspects: reference signal design to identify aggressor gNB and the mechanisms for gNB to start and terminate the transmission/detection of the reference signal(s). Following up on the NR-RIM pre-RAN1#94 email discussion [3], we discuss in this contribution the reference signal design aspect. Our views on the frameworks for the triggering/termination of RS transmission and monitoring are presented in [4].
As discussed in [4], remote interference mitigation schemes in which only the victim takes action do not require a dedicated reference signal and the victim could rely on “IoT demonstrating remote interference characteristics” to trigger its action. A reference signal is needed to identify the aggressors for remote interference mitigation schemes in which the aggressor takes action (whether it is the aggressor only or jointly with the victim).
2   Reference Signal for RIM

2.1   Design Requirements and Functions

The following requirements should be met when designing the reference signal:
· Requirement-1: gNB is not expected to receive RS in semi-static configured DL;

· Requirement-2: gNB is not expected to always detect RS transmitted in semi-static manner;

· Requirement-3: The detection performance of the RS (false alarm rate, detection probability, target identification…) should be guaranteed under certain channel conditions;

· Requirement-4: The reference signal for RIM should not cause confusion or detection issues for existing reference signals used for other purposes;
· Requirement-5: Overhead caused by reference signal transmission should be kept as low as possible.
· Requirement-6: gNB is not expected to transmit RS in the semi-static UL. (Dual of Requirement-1).
· Requirement-7: RS should have a minimum capacity, i.e., number of unique sequences. 
Requirements 1 – 5 are the same requirements in [3]. Requirements 1 and 6 are to minimize the impact of RS transmission and detection on the semi-static DL transmission and semi-static UL reception. The remaining requirements are on performance, capacity and detection complexity. The RIM-RS in all frameworks in [3] should meet these design requirements.
Proposal 1: The design of the reference signal for RIM should meet Requirements 1 – 7.
The functions of the reference signal proposed in [3] are:
· Function-1: Being able to assist the aggressor to identify how far away from victims it impacted, so that the corresponding remote interference mitigation schemes can be taken;

· Function-2: Being able to provide information whether the atmospheric ducting phenomenon exists, so that corresponding events (start/stop of RS transmission and monitoring, and the corresponding remote interference mitigation schemes) can be triggered.
· Function-3: Being able to carry enough information to enable the information exchange through backhaul, e.g., gNB ID.
To make the function description more specific, we suggest modifying Function 1 to: being able to assist an aggressor gNB to estimate the propagation delay of the remote interference, and modify Function-3 to: being able to provide ID information of victim/aggressor within a large geographical area. 
Proposal 2: The reference signal for RIM should fulfill the following functions:
· Function-1: Being able to assist an aggressor gNB to estimate the propagation delay of the remote interference. 
· Function-2: Being able to provide information whether the atmospheric ducting phenomenon exists.
· Function-3: Being able to provide ID information of victim/aggressor within a large geographical area.
2.2   Signal Generation and Resource Mapping

In this section, we discuss some of the details of the signal generation and the time-frequency resource mapping of the RIM-RS.

For the signal generation of RIM-RS, “PRACH-like” signal shall be considered. We mean by “PRACH-like” signal that the signal consists of three parts: CP, sequence interval (possibly multiple repetitions of a base sequence) and GP. For proper dimensioning of these three parts, more information on the characteristics of remote interference is needed, specifically, maximum distance of RI and delay spread of RI. As for the sequence, ZC sequence or PN sequence should be studied. We remark that since the transmitter and the receiver of the RIM-RS are gNBs, it is expected that the oscillator have low frequency offset (e.g. 0.1 ppm). Moreover, the transmitter and receiver are stationary and therefore experience no Doppler frequency shift. The absence of Doppler frequency shift and the low frequency offset of the oscillators make the design of the RIM-RS more relaxed than reference signals between a gNB and a (moving) UE. 
Proposal 3: The signal generation of RIM-IS shall be “PRACH-like”, i.e., consists of three parts: CP, multiple repetitions of a base sequence and GP. 
On the SCS, we see the following options for RIM-RS: 1) RIM-RS SCS is fixed, i.e., independent of DL SCS or 2) RIM-RS SCS = DL SCS. 

Proposal 4: RIM-RS SCS is either the same as the DL SCS or a fixed SCS. 
For the resource mapping of RIM-RS in time, we suggest to fix the RIM-RS location to be at the end of a DL slot or DL part of a slot, as shown in Figure 2‑1. This provides a fixed time reference for estimating the propagation delay between the aggressor and the victim, and ultimately, estimating the number of semi-static UL symbols at the victim that suffer from remote interference because of the aggressor.
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Figure 2‑1. Resource mapping of RIM-RS in time.
Proposal 5: Fix the RIM-RS location to be at the end of a DL slot or DL part of a slot. 
To minimize the detection complexity, the RIM-RS resources in frequency should be fixed in order to avoid blind detection. Exact frequency location is FFS. Moreover, the bandwidth of the RIM-RS should be chosen to provide the best performance. Using large bandwidth may benefit from frequency diversity, but it degrades the SNR if the RS power is fixed, since more noise is captured within the signal bandwidth. If the atmospheric duct channel is a single-tap line-of-sight channel, then using large bandwidth may not be beneficial.
Proposal 6: The resource mapping of the RIM-RS in frequency should be studied, including the BW aspect.
The transmission periodicity of RS shall be studied to ensure balancing collisions (if the periodicity is too short) and slow response to RI (if the periodicity is too long).
Proposal 7: The transmission periodicity of RS shall be configurable. 
3   Conclusion
In this contribution, we discussed our views on the design of the reference signal for RIM. Our proposals are summarized by the following. 
Proposal 8: The design of the reference signal for RIM should meet Requirements 1 – 7.

Proposal 9: The reference signal for RIM should fulfill the following functions:

· Function-1: Being able to assist an aggressor gNB to estimate the propagation delay of the remote interference. 
· Function-2: Being able to provide information whether the atmospheric ducting phenomenon exists.
· Function-3: Being able to provide ID information of victim/aggressor within a large geographical area.
Proposal 10: The signal generation of RIM-IS shall be “PRACH-like”, i.e., consists of three parts: CP, multiple repetitions of a base sequence and GP. 
Proposal 11: RIM-RS SCS is either the same as the DL SCS or a fixed SCS. 
Proposal 12: Fix the RIM-RS location to be at the end of a DL slot or DL part of a slot. 
Proposal 13: The resource mapping of the RIM-RS in frequency should be studied, including the BW aspect.
Proposal 14: The transmission periodicity of RS shall be configurable. 
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