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1. Introduction

Study item remote interference management for NR was approved in RAN#80 meeting with the following objectives [1]:

A. Study mechanisms for improving network robustness and addressing strong remote base station interference, including potential UE side’s enhancement [RAN1]
B. Study mechanisms for identifying which gNB(s)generate strong remote interference, including the following aspects:

i. Potential Reference signal design for gNB to identify that it creates strong inter-gNB interference to some victim gNB[RAN1]

1. Existing reference signals are starting points of discussion.

ii. Mechanism for gNB to start and terminate the transmission/detection of the reference signal(s) [RAN1, RAN3]

C. Study the potential additional coordination among gNBs for mitigating remote interference [RAN3]
In this contribution we provide our views on the identification of strong gNB interferers. 
2. Reference signal for gNB identification
2.1 Requirements on the reference signal
Resources of the reference signal

The reference signal shall be transmitted in downlink resources for the victim gNB to measure the remote interference. It should be as close to the GP as possible giving the victim gNB the best opportunity to detect the signal in the GP or uplink symbols.
Proposal 1:

· The reference signal shall be transmitted in the last downlink OFDM symbols before GP.

Information carried by the reference signal
Victim gNB needs to perform blind detection of the reference signal sent by interfering gNB to obtain identity information of the gNB. The information can be carried by the reference signal itself or by time/frequency position of the reference signal, or both. For example, the SFN of radio frame in which the reference signal is transmitted can be used to encode part of the information. By this way, one gNB can only send its reference signal in a subset of the radio frames. Depending how much information is encoded in the SFN, the periodicity of the reference signal may be made very large leading to delay of the interference avoidance. 
Another example is to use the center frequency of the reference signal to encode part of the information. But requiring the victim gNB to search for multiple frequency locations will increase the computational complexity of gNB. 
If the information is solely encoded in the reference signal, the number of reference signal (sequence) that the gNB needs to detect blindly would be very large making it difficult to implement in real network. As reference signal may arrive at victim gNB at any time in an OFDM symbol, the receiver need to search for the reference signal sample by sample. This incurs huge computational burden to the gNB, especially when there are heavy uplink traffic.
Proposal 2:

· The number of reference signals shall be minimized to limit the detection complexity at receiver side. 
Detection performance

Though the remote interference is strong enough to deteriorate uplink transmission, it is the contribution of a large number of gNBs. Considering reference signal sent by one particular gNB, the receiving SINR at the victim gNB could be very low. The receiver shall be able to reliably detect the reference signal at low SINR.
Proposal 3:

· For the design of reference signal, RAN1 should first set a target of mis-detection rate at given SINR and false alarm rate.

Complexity

As the reference signals will arrive at the receiver asynchronously, the receiver needs to search for both the signal and the time domain position of the signal. This imposes significant complexity on the receiver. It is desirable that the reference signal can be detected with low complexity algorithm.

Proposal 4:

· The detection complexity of the reference signal shall be considered.
Overhead

Sending the reference signal brings additional overhead to the system as those resources cannot be used for downlink transmission. The overhead is determined by periodicity and bandwidth of the reference signal. The number of OFDM symbols occupied by the reference signal also relates to the overhead. If more than one OFDM symbols are used to transmit the signal, the coverage of the reference signal can be extended, but with higher overhead. Another benefit of multiple OFDM symbols transmission is that it simplifies the detection of the reference signal.

Proposal 5:
· The design shall consider tradeoff between overhead, coverage, and detection complexity.

Bandwidth

Frequency position of the reference signal – center frequency and bandwidth shall be aligned between gNBs.
2.2 Candidates of the reference signal

Reference signal designed in NR can be considered as starting point for the reference signal design.

SSB

SSB is designed to provide synchronization and cell identification information to UE. One SSB consists of 4 OFDM symbols with one symbol for PSS, one symbol for SSS and two symbols for PBCH. The bandwidth of SSB is 20 PRBs.
CSI-RS
NR supports very flexible CSI-RS transmission. The time/frequency of CSI-RS can be configured on almost any physical resource. The bandwidth and density in frequency domain can be also be configured. CSI-RS can be used as a starting point of the reference signal.
Proposal 6:
· Rel-15 reference signal can be used as a starting point for the reference signal design.
3. Mechanisms to start/terminate the transmission

3.1 When to start the transmission
There are three conditions that can trigger a gNB to transmit the reference signal.
Condition 1: 

For a potential interfering gNB, the gNB can be configured to turn on the transmission. Once turned on, the reference signal is transmitted periodically regardless the status of remote interference. Based on past statistics or prediction of the tropospheric ducting, a gNB can decide whether it is a potential interfering gNB at certain time.
As the signal is transmitted persistently, once trospospheric ducting occurs between the transmitter and receiver, the receiver is able to detect the signal and identify the interfering gNB. But such persistent transmission of reference signal is not efficient in resource utilization and power consumption.
Condition 2:
A gNB experiences remote interference starts to transmit the reference signal. If a gNB can determine that it suffers remote interference from other gNBs, it can start to transmit the reference signal. As a victim, the gNB transmit the reference signal to inform the interfering gNB that troposperic ducting occurs and it is a potential interferer. As remote interference is reciprocal, the transmitted signal by the victim gNB can also serve as reference signal for interfering gNB identification.
Condition 3:

A gNB successfully detects reference signal from other gNBs starts to transmit the reference signal. After successful detection of a reference signal, the gNB can know that the gNB may generate interference to another gNBs. Then the gNB can send a reference signal for the potential victim gNB to identify the interferer. 
Proposal 7: 

· The following three conditions are considered to trigger the transmission of reference signal:

· For a potential interfering gNB, the gNB can be configured to turn on the transmission, or
· A gNB experiences remote interference starts to transmit the reference signal, or
· A gNB successfully detects reference signal from other gNBs starts to transmit the reference signal.

3.2 When to terminate the transmission
Once a reference signal is detected by a gNB, the receiver can report the related information to the source gNB or to OAM. The reporting can be made periodically. For example, the receiver reports related information every K ms. If within K ms, the reference signal is detected, the receiver report the information. If within K ms, the reference signal is not detected, the receiver can skip the reporting.
The following conditions can be considered to terminate the transmission of reference signal.

Condition 1:

A gNB does not detect any reference signal within a time window stops the transmission of reference signal.

If the receiver cannot detect a particular reference signal within a time window, the receiver than assume that the troposperic ducting between the transmitter and the receiver disappeared. If the receiver cannot detect any reference signal within certain time, and if the gNB is transmitting reference signal, the gNB can stop the transmission.

Condition 2:

If a few or no reporting is received within a time window, the gNB (or the OAM inform gNB) stops the transmission of reference signal.

If a gNB (or OAM) receives less than X reporting over N time, the gNB can assume that the troposperic ducting ends and resume the original transmission mode before the tropospheric ducting. The gNB also stops the transmission of the reference signal.

Proposal 8: 

· The following two conditions are considered to stop the transmission of reference signal:

· A gNB does not detect any reference signal within a time window, and
· A gNB(or OAM) receives few or no reporting within a time window.

4. Conclusion
In this contribution we provide our views on the identification of strong gNB interferers. The proposals are summarized below:
Proposal 1:

· The reference signal shall be transmitted in the last downlink OFDM symbols before GP.

Proposal 2:

· The number of reference signals shall be minimized to limit the detection complexity at receiver side.  

Proposal 3:

· For the design of reference signal, RAN1 should first set a target of mis-detection rate at given SINR and false alarm rate.

Proposal 4:

· The detection complexity of the reference signal shall be considered.

Proposal 5:

· The design shall consider tradeoff between overhead, coverage, and detection complexity.

Proposal 6:
· Rel-15 reference signal can be used as a starting point for the reference signal design.
Proposal 7: 

· The following three conditions are considered to trigger the transmission of reference signal:

· For a potential interfering gNB, the gNB can be configured to turn on the transmission, or
· A gNB experiences remote interference starts to transmit the reference signal, or
· A gNB successfully detects reference signal from other gNBs starts to transmit the reference signal.

Proposal 8: 

· The following two conditions are considered to stop the transmission of reference signal:

· A gNB does not detect any reference signal within a time window, and

· A gNB(or OAM) receives few or no reporting within a time window.
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