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1 Introduction

In RAN#80 meeting, a new study item for remote interference management (RIM) was approved [1]. According to the SID, objectives of the study item are as follows:
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 RAN1#94 meeting, extensive online/offline discussions were occurred regarding frameworks for remote interference management and the following agreements were captured [2]:

Agreements:

· To include the following in the TR: As shown in Figure 1, it is assumed in the RIM study that the whole network with synchronized macro cells has a common understanding on a DL transmission boundary (denotes as the 1st reference point) which indicates the ending boundary of the DL transmission, and an UL reception boundary (denotes as the 2nd reference point) which denotes the starting boundary of the first allowed UL reception within a DL-UL transmission periodicity. 

· The boundary may be considered for RS design

· The 1st reference point locates before the 2nd reference point.
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Figure 1. Illustration of DL and UL transmission boundaries within a DL-UL transmission periodicity
Agreements:

· In terms of the IoT (interference over thermal) increase between two sets of gNBs causing remote interference to each other, two scenarios should be considered for NR-RIM,

1. Scenario #1: IoT increases are detectable by one or more gNBs in both sets,

2. Scenario #2: IoT increase is detectable by one or more gNBs in only one set.

Agreements:

Framework-1, Framework-2.1, Framework-2.2 below are used as starting point for further study, using Framework-0 as basis for comparison.

Note:

· Not all the steps need to be included when making use of a given framework.

· Mechanisms for improving network robustness at both victim and aggressor side can be studied under the NR-RIM frameworks.

· A victim cell may take actions applying remote mitigation scheme. This detail is FFS

· An aggressor may also be a victim (and vice versa) at least for Scenario #1

0. Framework-0
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Workflow of Framework-0

Step 0: Atmospheric ducting phenomenon happens and the remote interference appears

Step 1: 

· Victim experiences “sloping” like IoT increase and start RS transmission

· Aggressor starts monitoring RS as configured by OAM 

Step 2: Upon reception of RS, Aggressor reports the detected RS to OAM

Step 3: OAM sends remote interference mitigation scheme to Aggressor

Step 4: Aggressor applies remote interference mitigation scheme

Step 5: OAM stops RS monitoring and restores original config. at aggressor side and stop RS transmission at victim side.
1. Framework-1
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Workflow of Framework-1

Step 0: Atmospheric ducting phenomenon happens and the remote interference appears

Step 1: 

· Victim experiences “sloping” like IoT increase and start RS transmission/monitoring

· This RS marked as RS-1 is used to assist aggressor(s) to recognize that they are causing remote interference to the victim and to detect/deduce how many UL resources of the victim are impacted by the aggressors.
· Aggressor starts monitoring RS as configured by OAM or when it experiences remote interference with “sloping” IoT increase. 

Step 2: Upon reception of RS-1, Aggressor starts remote interference mitigation solutions such as muting some DL transmission symbols and transmits RS to inform victim that the atmospheric ducting phenomenon still exist

· This RS marked as RS-2 is used to assist the victim to decide whether the atmospheric ducting phenomenon still exist.

· It does not preclude the possibility of using RS-2 for other purposes, pending on further study.

Step 3: Victim continues RS-1 transmission while receiving RS-2. Upon “disappearance” of RS-2, victim stops RS transmission

Step 4: Aggressor continue remote interference mitigation while receiving RS-1. Upon “disappearance” of RS-1, Aggressor restores original configuration when “disappearance” of RS-1.

Note: Although RS-1 and RS-2 carry different functionalities, it might be beneficial to achieve a common design for RS-1 and RS-2.
2. Framework-2.1
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Workflow of Framework-2.1

Step 0: Atmospheric ducting phenomenon happens and the remote interference appears

Step 1: 

· Victim experiences “sloping” like IoT increase and start RS transmission

· A set of gNBs might use the same RS, which may carry the set ID.

· Aggressor starts monitoring RS as configured by OAM or when it experiences remote interference with “sloping” IoT increase. 

Step 2: Upon reception of RS, Aggressor informs the set of victim gNB(s) the reception of RS through backhaul and apply interference mitigation scheme

· Message exchange in Step 2 could include other information, pending on further study.

Step 3: Upon “disappearance” of RS, Aggressor informs the set of Victim gNB(s) the “disappearance” of RS through backhaul and restore original configuration.
Step 4: Victim stop RS transmission upon the reception of the “disappearance of RS” info through backhaul
3. Framework-2.2
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Workflow of Framework-2.2
Step 0: Atmospheric ducting phenomenon happens and the remote interference appears

Step 1: 

· Victim experiences “sloping” like IoT increase and start RS transmission

· A set of gNBs might use the same RS, which may carry the set ID.

· Aggressor starts monitoring RS as configured by OAM or when it experiences remote interference with “sloping” IoT increase. 

Step 2: Upon reception of RS, Aggressor informs the set of victim gNB(s) the reception of RS through backhaul

Step 3: Upon reception of the “reception of RS” info received in the backhaul, victim sends info to assist RIM coordination

Step 4: Aggressor applies remote interference mitigation scheme

Step 5: Upon “disappearance” of RS, Aggressor informs Victim the “disappearance” of RS through backhaul.
Step 6: Victim stop RS transmission upon the reception of the “disappearance of RS” info through backhaul
In this contribution, we discuss on consideration points on designing reference signal involving sequence design for NR RIM under the above NR-RIM frameworks.

2 Discussion on reference signal design for RIM
2.1 Reusing exiting RS in NR
As described in NR-RIM SID objectives, existing reference signals (e.g., CSI-RS, DMRS, PRACH, etc.) for identifying strong remote CLI could be considered as staring points of discussion. In the previous meeting, reference signal which has a form of multiple repetitions in time domain was considered for avoiding symbol level sliding of detection window in asynchronous environment from receiver perspective as starting points. NR supports quiet flexible configuration of reference signal. For example, CSI-RS with density of 3 RE/PRB has a form of 4 repetitions in time domain within one OFDM symbol due to comb-like mapping in frequency domain. PRACH type A1 or B1 and double symbol DMRS also have forms of 2 repetitions in time domain within two OFDM symbols. 
Proposal 1: The existing RS (e.g., CRI-RS, DMRS, PRACH, etc) should be considered for designing the RIM RS.

2.2 Time and frequency location of the RS for RIM  
· Time location of the RS for RIM
To avoid the ambiguity of RS for RIM from existing RS at receiver gNB side, the time location of RS for RIM can be the last one or two symbols before 1st reference point as showing in Fig. 1. The fixed RS position may be used for exact estimation of the propagation delay between aggressor gNB and victim gNB.
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(a) CSI-RS with density of 3 RE/PRB within an OFDM symbol 

[image: image7]
(b) PRACH type A1 or B1 within two OFDM symbols

Figure 1. Example of time location for RS for RIM within (a) 1 OFDM symbol and (b) 2 OFDM symbols
Proposal 2: The RS for RIM shall be transmitted in the just before the 1st reference point. 
· Frequency location of the RS for RIM
   If frequency location of RS for RIM and PUSCH are different each other, the gNB should need high performance RF chain which has the fast (symbol-level) frequency switching function. To reduce ambiguity and implementation complexity of RIM RS detection, therefore, frequency location of RS for RIM also should be limited into the pre-aligned frequency range. For example, RS for RIM should be transmitted in the same frequency range of downlink bandwidth part.. 
Proposal 3: The RS for RIM shall be transmitted in the pre-aligned frequency location (e.g. same frequency range of downlink bandwidth part).

· Time and frequency offset of the RS for RIM
As describe above, RIM framework 2.1 and 2.2 require identification of victim gNB cell ID and/or group ID and/or cluster ID and/or site ID at aggressor gNB side for backhaul signaling between aggressor and victim gNBs. Therefore, the RS for RIM should contains information such as gNB cell ID and/or group ID and/or cluster ID and/or site ID of the transmitting gNB. As discussed in [2], the cross-correlation performance of sequence in RS for RIM should be evaluated to identify the transmitting gNBs with different sequence allocation. If the number of gNBs is equal or less than the number of different sequence in RS for RIM, it may be sufficient by allocating different sequence to different gNB. As discussed in [4], however, the peak number of transmitting gNB may be larger than the number of different sequence and this can be cause of false alarm probability. Furthermore, the gNB detection complexity and detection performance also should be considered in above situation, i.e. how many different sequences is expected to try to detect in a certain detection windows at receiving gNB side. 

In order to disperse RSs and also derive additional ID-related information, time-frequency location of a RS resource also can be utilized by allocating different frequency location such as sub-bands wise, frequency offset, or comb offsets (FDM) or allocating different time location such as slots/frames offset (TDM) within RS periodic windows along with different sequence allocation considering cross-correlation property (CDM). 
Proposal 4: The time and frequency domain resource allocation of RS for RIM shall be considered. 
2.3 gNB detection window assumption

Differ from the synchronized reception of UL OFDM symbols, the detection of the reference signal from victim and aggressor should be done in asynchronous environment (i.e. symbol level miss-alignment) due to long distance between aggressor and victim gNBs. There would be two cases for dNB detection assumption regarding the FFT size as follows:
· Re-using same FFT size for PUSCH reception

When UL OFDM symbols are received at gNB side, the FFT block can be utilized for frequency domain operations. If the PRACH-like OFDM signal generation such as PRACH type A1 or B1 and double symbol DMRS also have forms of 2 repetitions in time domain within two OFDM symbols are utilized, existing data FFT can be re-used for detecting reference signals for RIM and this can reduce implementation complexity of RS detection for RIM at gNB side. However, those time domain repetitions within multiple symbols will increase the reference signal overhead for RIM. 
· Using smaller FFT size than for PUSCH reception

To reduce reference signal overhead as above mentioned, multiple repetition within an OFDM symbol also can be one approach such as CSI-RS with density of 3 RE/PRB. In this case, the sub-OFDM symbol level detection can be possible by using a smaller FFT size for RS reception for RIM only than that for PUSCH reception. By detection using a smaller FFT size, only a single OFDM symbol for RIM RS can be transmitted and detected without OFDM symbol alignment because the entire copy of the sequence can be received in the sub-OFDM symbol window.
Proposal 5: two types of different detection window assumptions should studies considering the detection performance and detection complexity of the RS.
2.4 Sequence selection for RIM RS design 
In NR RIM, reference signal should be designed considering above requirements. Specifically, the detection probability and false alarm probability are highly related to the auto-correlation and cross-correlation properties of sequence in reference signal. In this sense, the pseudo-random sequence may provide enough detection performance for the remote interference from very far aggressor gNB. In NR, PN sequence and Zadoff-Chu sequence were already utilized in reference signal and synchronization signal due to good auto-correlation and cross-correlation properties. For designing RIM RS, therefore, two types of pseudo-random sequence should be considered. 
As mentioned in Section 2.2, sequence can be utilized for identifying the transmitting gNBs by allocating different sequence for RIM framework 2.1 and 2.2. If PN sequence is used for RIM RS, the initialization value of PN sequence can be used to convey some information for (cell and/or group and/or cluster and/or site) gNB identification to enable the information exchange through backhaul. If Zadoff-Chu sequence is utilized for RIM RS, the root value and cycle shift value of Zadoff-Chu sequence also can be utilized for gNB identification. 
Proposal 6: Decide which sequence can provide reasonable detection performance and identification considering auto- and cross-correlation properties. 

3 Conclusion 

In this contribution, we discussed on possible issues on reference signal to support NR RIM and obtained following proposals.
Proposal 1: The existing RS (e.g., CRI-RS, DMRS, PRACH, etc) should be considered for designing the RIM RS.

Proposal 2: The RS for RIM shall be transmitted in the just before the 1st reference point. 
Proposal 3: The RS for RIM shall be transmitted in the pre-aligned frequency location (e.g. same frequency range of downlink bandwidth part).Proposal 4: The time and frequency domain resource allocation of RS for RIM shall be considered. 
Proposal 5: two types of different detection window assumptions should studies considering the detection performance and detection complexity of the RS.
Proposal 6: Decide which sequence can provide reasonable detection performance and identification considering auto- and cross-correlation properties. 
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