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1. Introduction

In order to mitigate the impact of the troposphere bending for NR TDD frequency, the SID on Remote Interference Management for NR had been agreed in RAN#80 meeting [1]. One of the objectives of this SID is to study the potential reference signal design for gNB to identify that it creates strong inter-gNB interference to some victim gNB. The aim of this contribution is to analysis the design requirement of the reference signal for victim gNB to identify the strong inter-gNB interference, and gives some proposals.
2. Discussion
In 4G era, some solutions had been already introduced in practical network to mitigate the remote base station interference [2][3], the main characterize of these solutions can be concluded as follows: 
· There is no coordination between inter-vendor eNBs, the victim eNB with abnormal IoT will transmit a specific signal in a window. And the eNB that successfully detects a reference signal in the window will report the measurement results to OMC. 
· The reference signal is transmitted periodically on the entire system bandwidth. The transmission period of reference signal is associated with the eNB-ID.
· OMC indicates the eNBs to reconfigure the frame structure with more GAP symbols to mitigate the interference. Since only 11 special sub-frame structure are specified in Rel-15, eNB usually adopt a fixed sub-frame reconfiguration solution in this scenario, e.g., the special sub-frame configuration is changed from Configuration#7 (10:2:2) to Configuration#5 (3:9:2)
In 5G TDD network, the impact of troposphere bending for lower TDD frequency will continue existing [1]. Based on the characteristic of 5G physical layer, the following questions shall be considered for the design of reference signal:

· Q1: How to design the characteristic information? 
· Q2: How to design the reference signal to transmit the characteristic information?
The characteristic information is used to identify which gNB(s) generate strong remote interference. Considering the distance between the remote interference eNB and victim eNB may be very far (furthest as 300km away in practical 4G network) [1], the characteristic information should be able to globally identify a gNB in one operator’s network. In TD-LTE system, some implementation solutions choose the part of eNB-ID (e.g, the 9th MSB to 20th MSB of cell-id) as the characteristic information. In current NR specification, the gNB-ID, the 22bit~32bit most significant bit of NR Cell Identity, can be used to globally identify a gNB within a PLMN. Therefore, the gNB-ID should be also the best choice for the characteristic information. 
Proposal 1: The gNB-ID should be best choice for the characteristic information.
The characteristic information is usually associated with the transmission mode of reference signal (e.g., the repetition period of reference signal), too long gNB-ID may bring some negative effect on the detection performance, e.g., increasing the delay of detection. Furthermore, the victim gNB shall be able to derive the gNB-ID based on the reference signal of interference node. Considering different power level node (e.g., indoor micro, macro, and etc) and different RAN architecture (e.g., CU/DU Non-centralised deployment or CU/DU Centralized deployment) may be co-existed in future 5G network, the gNBs configured with different length type of gNB-ID shall be taken into account. Though flexible eNB-ID has been supported in Rel-14 phase, only 20bit length of eNB-ID has been adopted in practical network. The victim eNB can correctly derive the eNB-ID based on detection result.Therefore, the following questions shall be studied in subsequent RAN1 meetings:
Proposal 2: For the design of the characteristic information, the following questions shall be studied in subsequent RAN1 meetings:

· Q1-1: The entire or part of gNB-ID as the characteristic information

· Q1-2: if different length of gNB-id is configured in network, how to derive the gNB-id from reference signal of remote interference gNB?
Aim to the design of reference signal, the following factors shall be taken into account:

· the signature sequences
· The time/frequency domain location 

· The frequency domain bandwidth

· The repetition period
The signature sequences are transmitted on reference signal, and the characteristic information determine which signature sequences will be transmitted with a certain mode (e.g., time/frequency domain location and repetition period).  The signature sequences should have good detection performance and sufficient quantities. In addition, the multiple types of system bandwidth have been supported in NR system, e.g.,5MHz,10MHz, …., 80MHz,100MHz. Therefore, the multiple type of sequence length should be supported to satisfy all scenarios. 
Proposal3: the signature sequences should have the following properties:
· The auto correlation with a cyclically shifted version of itself is zero
· The cross-correlation between two sequences should be as small as possible
· The amount of sequences should be as large as possible
· the multiple type of sequence length to support the requirement of different system bandwidth
According to the mechanism of remote interference, the time domain location of reference signal should be put in the last one or more downlink OFMD symbols of self-contained slot. In TD-LTE system, some solutions put the reference signal in #8 and #9 OFDM symbols for special sub-frame configuration#7. In addition, since the multiple SSB is supported in NR, the frequency domain location of reference signal shall not conflict with SSB signal. Furthermore, the amount of available frequency domain location can also be used to indicate the part of the characteristic information. 
Proposal 4: The time domain location of reference signal should be put in the last one or more downlink OFMD symbols in self-contained slot. And the frequency domain location of reference signal shall not conflict with the SSB signal.
According to our understanding, the occupied PRBs of the reference signal shall adopt the same codebook. And considering the coexistence between reference signal and SSB signal, too large frequency bandwidth of reference signal may restrict the scheduling of NR UEs and bring negative effect on UE’s experience. And too large frequency bandwidth will also result in the reduction of the amount of available frequency domain location. 
Each gNB will determine the transmission SFN of reference signal within a repetition period based on the part of its gNB-ID. The value of the repetition period should consider trade-off the following factors:

· the delay of remote interference detection: if the repetition period is set too large, then the delay of remote interference detection will be increased accordingly. 
· the amount of bits used to indicate the part of the characteristic information
Proposal 5: The value of frequency bandwidth and repetition period for reference signal should be studied in RAN1.
3. Conclusion 

In this contribution, we have analysis the design need of the reference signal for victim gNB to identify the strong inter-gNB interference. Based on the discussion, we made following proposals. 

Proposal 1: The gNB-ID should be best choice for the characteristic information.
Proposal 2: For the design of the characteristic information, the following questions shall be studied in subsequent RAN1 meetings:

· Q1-1: The entire or part of gNB-ID as the characteristic information

· Q1-2: if different length of gNB-id is configured in network, how to derive the gNB-id from reference signal of remote interference gNB?
Proposal3: the signature sequences should have the following properties:

· The auto correlation with a cyclically shifted version of itself is zero

· The cross-correlation between two sequences should be as small as possible

· The amount of sequences should be as large as possible

· the multiple type of sequence length to support the requirement of different system bandwidth

Proposal 4: The time domain location of reference signal should be put in the last one or more downlink OFMD symbols in self-contained slot. And the frequency domain location of reference signal shall not conflict with the SSB signal.
Proposal 5: The value of frequency bandwidth and repetition period for reference signal should be studied in RAN1.
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