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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80, a new study item aiming at managing remote interference was approved [1]. As observed in TD-LTE, wireless signals from remote eNB can cause non-negligible interference to local eNB, even if they are synchronized and with same TDD configuration. Such remote interference is mainly caused by troposphere bending, which leads to small pathloss and large delay of the DL signal. More discussion on the characteristics of remote interference can be found in our companion paper [2].
For remote interference management (RIM), it is expected to develop an adaptive mechanism for identifying the interfering gNB(s), mitigating remote interference, and further improving the network robustness. Thus, inter-gNB reference signal (IgRS) should be designed for this purpose.  In this contribution, we provide our preliminary consideration on sequence, structure, resources, and triggering/termination mechanism of IgRS.

[bookmark: _Ref129681832]IgRS design
[bookmark: _Ref521612108]IgRS sequence and structure
Troposphere bending depends on atmospheric conditions and is hard to predict exactly. So, unfortunately, the gNB pairs interfering each others also vary and hard to predict. Due to the uncertain paring relationship between gNBs, the distance between interfering gNBs is also uncertain. So from a receiving gNB’s view, the arriving time of the IgRS from a potential interfering gNB is uncertain. This is different from the CSI-RS case where the transmission and reception time are certain and synchronized, or the PRACH case where the arriving time of a RACH preamble can be at least roughly known. As a result, for IgRS reception, blind detection should be applied in all (or at least some of the) UL symbols and GP symbols, depending on the desired detecting distance from the aggressor gNB. Figure 1 illustrates the effect of the uncertain arriving time of IgRS, assuming that all gNBs are synchronized with the same semi-static DL-UL configuration.
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[bookmark: _Ref520291696]Figure 1 Illustration of IgRS delay which leads to unavoidable blind detection.
For blind detection, a general method is cross-correlation. The detection gNB generates local IgRS sequences and performs correlation between the receipt signal and each local IgRS sequences. Each correlation result tells whether a specific IgRS sequence is received. Therefore, the performance of cross-correlation between different IgRS sequences should be considered. A good performance of cross-correlation between local sequence and receipt sequence (same IgRS) helps to reduce the probabilities of false alarm and missing alarm. A low cross-correlation peak between different IgRS sequences is more likely to reduce the probability of wrong detection. 
Proposal 1: The performance of cross-correlation between the same and different sequences should be considered when designing IgRS sequences.
To reuse the same FFT module with UL channels, a reasonable assumption is that the victim gNB observes the IgRS in a granularity of one OFDM symbol. In other words, the detection window is one OFDM symbol in time domain, measured with the same numerology of UL channels of the victim gNB. Thus from the reception gNB’s view, at least one full IgRS (though may be shifted) can be observed within an effective detection window, making the detection easier, as shown in Figure 2.
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[bookmark: _Ref520298784]Figure 2 IgRS detection within one OFDM symbol.
We suggest that a 2-OFDM-symbol length IgRS and 1-OFDM-symbol length detection window could be the baseline for study. The SCS of IgRS can be assumed to be the same with the UL data channel. One may argue that the IgRS can applied larger SCS than other DL/UL channel and thus reduce the length in time domain. However, this may lead to different FFT/IFFT size from other UL channels, and subsequently lead to higher memory/computation cost. 
Proposal 2: It can be considered that each IgRS resource includes at least 2 OFDM symbols, and the IgRS is the same within each symbol. 
Since it is desired to identify interfering gNB, it is natural for the IgRS to carry the information of cell ID. Note that the cell ID is not PCID and, take the NCI (NR Cell Identity) for example, may have more than 20 bits in length. It is impractical for the IgRS to carry all information of the cell ID, where the blind detection complexity becomes unacceptable. We suggest that the IgRS sequence carries part of the cell ID information. For the remaining cell ID information, it can be carried by other method, e.g. time domain information, such as SFN.
Proposal 3: IgRS sequence carries part of the cell ID information.
· FFS the specific target cell ID, e.g. NCI, and the exact bits to be carried by IgRS.

In NR, two sequences have already been specified. One is pseudo-random sequence, which is based on a length-31 Gold sequence. The other one is low-PAPR sequence, which is based on the ZC sequence. Many DL reference signals are based on pseudo-random sequence, e.g. DMRS, CSI-RS, PSS, and SSS. To reduce the complexity of gNB implementation and the specification work, we suggest that the specified pseudo-random sequence (i.e. length-31 Gold sequence) can be the starting point for IgRS design. For the pseudo-random sequence, the initializing phase can carry the cell ID information. Further study can focus on the selection of initializing phases, where sequence length, carried bits of cell ID, and cross correlation performance are taken into consideration.
Proposal 4: Take the already specified pseudo-random sequence (length-31 Gold sequence) in NR as the starting point for IgRS design.

IgRS resources
As discussed above, in each IgRS transmission, the IgRS resource should contain at least 2 consecutive OFDM symbols. 
For IgRS transmission, assuming that part of the cell ID is carried by time domain, the gNB can determine the time to transmit its IgRS based on its cell ID. From one gNB’ point of view, the DL resource cost is not high. The period of IgRS transmission of a specific cell should be large enough to carry part of the cell ID information, so the IgRS will be sparsely deployed in time domain. For IgRS reception/detection, as mentioned in Section 2.1, the gNB should detect all potential IgRS sequences from at least all UL symbols.  Figure 3 illustrates the framework for IgRS transmission and detection. It is assumed that gNB1, gNB2 and gNB3 transmit their IgRS in different time, due to their different cell IDs. However, it is still possible that two or more gNBs transmit their IgRS in the same time, if their cell IDs are partially the same. But in this case, their IgRS sequences should be different/orthogonal to each other, and can still be distinguished by correlation.
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[bookmark: _Ref520310809]Figure 3 Sparse IgRS in time domain.
In Figure 3, for example, if 10 bits of the cell ID are carried by time domain information, the transmission time of the IgRS of a cell can be corresponding to a specific  SFN (0~1023). Consequently, for the detecting gNB, it can obtain the remaining cell ID information of aggressor gNB by the SFN location of the detected IgRS.
Proposal 5: IgRS transmission time carries part of the cell ID information.
· IgRS for each gNB is transmitted sparsely in time domain.
In addition, for a larger detection range, the IgRS should be located in the last M symbols of the DL part within a DL-UL configuration period (M depends on the duration of the IgRS within one transmission), as shown in Figure 4 (1). Otherwise, the IgRS may not be detected if the delay is not large enough, but the remote interference is still interfering victim gNB, as shown in Figure 4 (2).
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[bookmark: _Ref520312539]Figure 4 Impact of IgRS location within a DL-UL period.
Proposal 6: IgRS is transmitted in the last few symbols of the DL transmission within a DL-UL configuration period.

Triggering/termination mechanism of IgRS detection/transmission
In [1], an objective of the RIM SID is the mechanism for gNB to start and terminate the detection/transmission of the reference signal. Since the troposphere bending is not always present, an ‘always ON’ IgRS detection/transmission seems unnecessary. When the atmosphere does not support troposphere bending, the meaningless IgRS only increases the IoT (Interference over Thermal Noise) of neighbor cells (in DL direction). Hence, an adaptive mechanism may be more attractive. In other words, even without OAM indication, the gNB can start detecting/transmitting IgRS after it finds that remote interference exists, and can terminate detecting/transmitting IgRS after it finds that the remote interference no longer exists.
Generally, the triggering of IgRS detection can be related to the characteristics of the IoT of the received signal [3]. As mentioned in [3], due to remote interference, the IoT becomes slope-like in time domain. Other characteristics can be further studied in this purpose. Then, when the IoT shows that remote interference is likely to exist, the gNB can start IgRS detection. 
For triggering of IgRS transmission, it can be related to the triggering of IgRS detection. If the channel reciprocity holds, for the gNB who is suffering from remote interference, it also causes remote interference to other gNBs. So, a possible way is that if the gNB starts IgRS detection, it also starts IgRS transmission. But this is based on the assumption of channel reciprocity. Also, the triggering of IgRS transmission may be related to cooperation method. One or more proper triggering conditions of IgRS transmission should be further studied.
For termination of detection/transmission of IgRS, it can depend on the failure of IgRS detection. For a gNB which has already started detection /transmission of IgRS, if the gNB cannot successfully detect any IgRS during a predefined time, it can judge that there is no remote interference, and then can stop detection/transmission of IgRS. 
Proposal 7: Study proper conditions for triggering/termination of IgRS detection/transmission.
 
Conclusions
In this contribution, we share our preliminary consideration on RS design for remote interference management. The proposals are summarised as follows:
Proposal 1: The performance of cross-correlation between the same and different sequences should be considered when designing IgRS sequences.
Proposal 2: It can be considered that each IgRS resource includes at least 2 OFDM symbols, and the IgRS is the same within each symbol. 
Proposal 3: IgRS sequence carries part of the cell ID information.
· FFS the specific target cell ID, e.g. NCI, and the exact bits to be carried by IgRS.
Proposal 4: Take the already specified pseudo-random sequence (length-31 Gold sequence) in NR as the starting point for IgRS design.
Proposal 5: IgRS transmission time carries part of the cell ID information.
· [bookmark: _GoBack]IgRS for each gNB is transmitted sparsely in time domain.
Proposal 6: IgRS is transmitted in the last few symbols of the DL transmission within a DL-UL configuration period.
Proposal 7: Study proper conditions for triggering/termination of IgRS detection/transmission.
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