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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK16]It was agreed in 3GPP RAN #80 meeting to study the mechanism of remote interference mitigation [1]. The objectives in the SID includes studying mechanisms to improve network robustness, address the strong interference, and to identify strong remote interference. In 3GPP RAN1 #94 meeting, it is agreed that both symmetric and asymmetric scenarios needs to be considered and Framework-1, Framework-2.1, Framework-2.2 are used as starting point for further study [2]. 
In this contribution, we focus on the analysis of the potential reference signal for identifying strong remote interference.
RIM frameworks
Three frameworks are taken as starting point. In Framework-1 as shown in Figure 1, RS-1 transmitted by the victim gNB assists the aggressor gNB(s) to recognize that they are causing remote interference to the victim and to deduce how many UL resources of the victim are impacted by the aggressors. In Step 3, RS-2 transmitted by the aggressor gNB is used to inform the victim gNB the status of remote interference. Compared with Framework-1, the difference is that the aggressor in Framework-2.1 informs the victim the status of atmospheric ducting phenomenon through backhaul signaling, while a bi-directional backhaul signaling communication is needed in Framework-2.2. Other detailed comparison and discussion on these frameworks can be referred to our companion contribution [3].
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Figure 1. Workflow of Framework-1
It can be seen that reference signal is a key and essential part and should be attached with high priority in remote interference management. 
Observation 1: Reference signal is a key and essential part and should be attached with high priority in remote interference management. 
Requirement and functionality of RIM-RS
Considering the scenarios of remote interference management, the reference signals in RIM should fulfill the following requirements:
Performance
In RIM, the reference signal should provide performance with sufficiently good auto-correlation and cross-correlation, low false alarming rate and miss detection probability and so on. Only in this way, correlation based detection can be taken as a reliable method. 
Overhead
According to TD-LTE network field test, the atmospheric duct phenomenon would last for several hours. The overhead of reference signal should be taken into consideration to ensure that the throughput of the network would not be seriously deteriorated.
Compatibility
Considering backward compatibility, the reference signal should not cause confusion or detection problem at both gNB and UE sides. At the same time, the impact of existing signals on RIM-RS should also be considered to guarantee the detection performance. In summary, the impact between reference signal for RIM and existing reference signals should be minimized. 
Detectable without symbol alignment
Even it is assumed that the whole network is synchronized in the RIM study. The gNB would be interfered by the aggressor gNB in up to several hundred kilometers away. The distance between the victim and the aggressor is unclear. So the RIM-RS should be detectable without symbol alignment.
Furthermore, some functionalities of reference signals have been discussed as following: 
Functionality-1
The reference signal in all three frameworks should convey gNB ID or gNB set ID information which would make some RI mitigation mechanisms possible. For example, adjustment of down-tilt and other MIMO related mechanism needs the information of the location of victim gNB ID or gNB set. In addition, ID information is necessary for the aggressor to identify the victim and is necessary and beneficial for inter-gNB communications between the aggressor and the victim through backhaul in Framework-2.1 and Framework-2.2. 
Functionality-2
The reference signal should be able to assist the aggressor gNB to identity how far away the impacted gNB is. Without the knowledge of how far away the impacted gNB is and how many uplink symbols are affected, the aggressor may adopt an improper time-domain remote interference mitigation mechanism. 
Furthermore, in Framework-1, there are two reference signals, i.e. RS-1 and RS-2 that have different functionalities and trigger different results. In order to reduce the complexity of NR-RIM standardization, RAN1 should study whether a single RS can solve both functionalities, or at least should strive for a common RS design for two RSs as much as possible if RS-2 transmission is necessary.
Proposal 1: The design of reference signals in RIM should consider the following factors: performance, overhead, compatibility, detectable without symbol alignment.
Proposal 2: The reference signals in RIM should have the following functionalities: convey gNB ID or gNB set ID to assist the aggressor gNB to identity how many uplink symbols of victim are affected.
Candidates for RIM-RS
According to the discussion in RAN1-#94, there are two candidates that could be used for RIM-RS, wherein one is comb-like sequence, the other one is PRACH-like sequence. 
 Comb-like signal
In NR, the single port CSI-RS has a density of 3, i.e., comb-like signal in frequency domain, which means that the signal repeats consecutively four times within a symbol. The comb-like signal with density of 3 is shown in Figure 2. The pros and cons of directly reusing the existing single port CSI-RS are listed below.
Pro
The single port CSI-RS repeats consecutively within a symbol. Within the detection window that is smaller than a symbol, the additional part could be taken as a cyclic prefix. So the single port CSI-RS is detectable even without the OFDM symbol alignment. At the same time, it has a lower detection complexity due to its shorter FFT size. However, the reduced complexity benefit may not be too significant for gNB consideration.
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Figure 2 comb-like signal with density =3     Figure 3 comb-like signal with density =6
Con
As the density of single port CSI-RS is 3, which seems too sparse for RIM from the observations of our companion contribution [4]. Even with a density of 6 shown in Figure 3, the auto-correlation and cross-correlation performance are inferior to that of LTE RIM-RS. On the other hand, the initialization of CSI-RS sequence is related to scrambling ID which is 10-bit. To keep a low blind detection time, the set of initialization values should be limited. We need to carefully choose the initialization set to achieve a desirable RS performance.
From the above analysis, it can be seen that the exiting single port CSI-RS cannot be directly applied for RIM without any modifications.
Observation 2: Existing single port CSI-RS cannot be directly applied for RIM without any modifications.
 PRACH-like signal
In RIM, the RS covers the full bandwidth in frequency domain, and in time domain it resembles similarity with PRACH preamble signal and occupies two consecutive OFDM symbols. The signal in shown in Figure 4.
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 Figure 4 PRACH-like signal
Pro
The RS in RIM with a PRACH-like structure in time domain is also detectable without symbol alignment. Using a-symbol-long detection window, the redundant part is accounted as cyclic prefix. From our companion contribution, it can be observed that the RS used in RIM outperforms the CSI-RS with a density of 3 or 6 in auto-correlation and cross-correlation. 
Con
[bookmark: OLE_LINK3][bookmark: _GoBack]As we mentioned, the RS in RIM occupies the full bandwidth, and also two consecutive symbols. The periodicity of each base station is 214*10 ms which is about 2.7307 minutes as in TD-LTE network. According to TD-LTE network field test, the atmospheric duct phenomenon generally lasts for several hours. Then the overhead of RS in RIM is non-negligible. 
Observation 3: PRACH-like RS in RIM has a better performance with non-negligible overhead.
RIM-RS design
According to the Functionality-1, the RIM-RS should convey gNB or gNB set ID information to assist the aggressor to identify the victim and/or adopt proper mitigation mechanism. The gNB or gNB set ID could be carried based on code, time or frequency domain information.
Code domain
[bookmark: OLE_LINK5]In LTE-RIM, eight different sequences are used to represent 3-bit ID information. There is no significant benefit to increase RS detection complexity and blind detection times in NR when the same target and performance is achieved. Therefore, the number of sequences to generate RIM-RS should be no more than eight.
Proposal 3: The number of sequences to generate RIM-RS should be no more than eight.
Time domain
[bookmark: OLE_LINK7]In NR, the UL-DL pattern periodicity is configurable. If the RIM-RS transmission periodicity matches the UL-DL pattern periodicity, there is only one occasion to for RS transmission, as it is shown in Figure 5(a). If the RIM-RS transmission periodicity is larger than the UL-DL pattern periodicity, different schemes are shown in Figure 5 (b)~Figure 5(d). In Figure 5(b), the same generation sequence is used for different occasions, the performance could be enhanced by the repetition, while less ID information is conveyed.  In Figure 5(c), to convey more information, different generation sequences are used for each occasion. The flaw is that it the detection is more than once. Different with Figure 5(c), the RS is repeated in each occasion. The RIM-RS pattern in time domain including the number of generation sequences used by each gNB during the transmission periodicity and the number of repetition should be studied.
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Figure 5 RIM-RS transmission in time domain
Proposal 4: The RIM-RS pattern in time domain including the number of generation sequences used by each gNB during the transmission periodicity and the number of repetition should be studied.
Frequency domain
In LTE, the maximum frequency bandwidth is 20MHz and a full bandwidth reference signal is utilized for RIM. While for NR FR1 the maximum frequency bandwidth may be up to 100 MHz, it could be divided into some sub-bands to differentiate the gNBs. Furthermore, the divided sub-bands could be distinguished by the starting point, number of consecutive PRB and so on. If the comb-like signal is applied in RIM, the offset in frequency domain also could be used as a method to convey ID.
Proposal 5: The frequency domain characteristics, such as sub-band, offset and so on can be explored to convey ID.
As it is mentioned above, even the reference signals in three frameworks have different characteristics or need to be distinguishable, there are also some common requirements. In order to reduce the NR-RIM standardization workload and work out a feasible scheme to mitigate remote interference, we should strive for a unified RS design.
Proposal 6: In order to reduce the NR-RIM standardization workload and work out a feasible scheme to mitigate remote interference, we should strive for a unified RS design.
[bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0996] Conclusion 
In this contribution, we discuss the reference signal design for remote interference management and have the following observations and proposals:
Observation 1: Reference signal is a key and essential part and should be attached with high priority in remote interference management. 
Observation 2: Existing single port CSI-RS cannot be directly applied for RIM without any modifications.
Observation 3: PRACH-like RS in RIM has a better performance with non-negligible overhead.
Proposal 1: The design of reference signals in RIM should consider the following factors: performance, overhead, compatibility, detectable without symbol alignment.
Proposal 2: The reference signals in RIM should have the following functionalities: convey gNB ID or gNB set ID to assist the aggressor gNB to identity how many uplink symbols of victim are affected.
Proposal 3: The number of sequences to generate RIM-RS should be no more than eight.
Proposal 4: The RIM-RS pattern in time domain including the number of generation sequences used by each gNB during the transmission periodicity and the number of repetition should be studied.
Proposal 5: The frequency domain characteristics, such as sub-band, offset and so on can be explored to convey ID.
Proposal 6: In order to reduce the NR-RIM standardization workload and work out a feasible scheme to mitigate remote interference, we should strive for a unified RS design.
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