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1
Introduction
At RAN#80, a new SI regarding remote interference management (RIM) for NR was agreed. The objectives of RIM study, according to the agreed RP-181430 [1], are as below,
· Study mechanisms for improving network robustness and addressing strong remote base station interference, including potential UE side’s enhancement [RAN1]

· Study mechanisms for identifying which gNB(s)generate strong remote interference, including the following aspects:

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

· Existing reference signals are starting points of discussion.

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

· Study the potential additional coordination among gNBs for mitigating remote interference [RAN3] 

In this contribution, we give observations and proposals regarding RIM study in NR. 
2
Remote interference management
In commercial TD-LTE network with macro deployment, it has been observed that in some certain atmospheric conditions, which are favourable for atmospheric ducting, quite large number of base stations undergo high IoT. As a result, the network coverage and the connection rate will be impacted. 
When ducting happens, signals from a base station will be bent by atmospheric refraction and have long distance propagation and still in the levels that disturb much of the local signal. More specifically, with long propagation delay, a cell’s UL signals will be interfered much by DL signals from one or many remote cells in TDD networks, when the propagation delay is larger than the configured guard period.  
Observation 1: RI is mainly from one cell’s DL to another cell’s UL in TDD networks.
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Figure 1: Simple illustration of RI from aggressor cell
The same problem as observed for TD-LTE is expected to also be relevant for NR unpaired spectrum, especially for the frequency range 1, although NR is designed to be more interference robust. In Figure 1, we give an example for the RI problem in NR system, where the interference from an aggressor cell is illustrated for the case of 30 kHz SCS (i.e. slot length of 0.5ms), showing one 2.5 ms segment (for illustration only) that is repeated within the 10 ms radio frame. It is observed that depending on propagation delay, quite a few UL OFDM symbols after GP will be interfered by the aggressor’s DL, impacting the transmission and reception of PUCCH, PUSCH, PRACH, and causing issues in random access, UL coverage and throughput, and even DL throughput due to possible deteriorated UCI reception.
Observation 2: LTE experience on remote interference might be relevant for NR as well. 
Despite the similar RI issues in LTE and NR, there are some noticeable differences between NR and LTE, which impacts the NR RI phenomime. On one hand, NR with higher carrier frequency means higher attenuation and lower interference power level. NR does not have common reference signal, therefore there is no interference from it. Besdies, NR enables finer beamforming which means mostly RI is generated from only part of beams. On the other hand, NR with higher subcarrier spacing results in more OFDM symbol interfered under same propagation delay. In addition, more frequency domain resources are interfered with much higher channel BW in NR. These factors should be taken into account when design RIM for NR
Observation 3: Following factors impact the RI phenomenon in NR,  

· NR with higher carrier frequency means higher attenuation. 

· NR with higher SCS means more UL OFDM symbols interfered under same propagation delay.
· NR with higher BW means more frequency resources being interfered. 

· NR with finer beamforming means RI generated from only part of beams.

· No common reference signal in NR means no interference from it.
When RI happens, operations should be started in both the victim cells and the aggressor cells. From victim cell point of view, it should firstly be able to determine the happening the RI, then start certain schemes to guarantee reliable UL reception under high interference. The victim cell shall keep monitoring the remote interference until it determines the RI disappeared, the UL transmission shall go back to normal.
From aggressor cell point of view, firstly it should be able to know it is (possibly) generating remote interference. Then the aggressor cell shall start certain schemes to reduce the interference mostly by sacrifice some DL transmission. The aggressive shall be able to determine the disappearance of remote interference, and after that, the DL transmission in the aggressor cell shall go back to normal. 

Observation 4: When RI happens, RIM operations are triggered in both victim cells and the aggressor cells. 

Proposal 1: study the solutions for the necessary RIM steps in both the victim cell and aggressor cell, including,

· Determination of RI happening

· RI mitigation as the victim cell and as the aggressor cell
· Determination of RI disappearing and stop RI mitigation solutions. 
As from LTE experience, there is in general remote interference reciprocity between cell sites, which means if there is RI from one cell to another, there will be RI in the opposite direction. In practice, depending on the transmission power, the cell deployment, etc., the interference power level in different cells might be vary a lot. A cell that contributes high remote interference to another cell might suffer high or low interference. As a result, there will be correspondingly several cell types. Figure 2 gives an illustration, where cell 1 and cell 2 are both victim cells and aggressor cells, while cell 3 is an aggressor cell only.  
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Figure 2 Cell types under RI reciprocity
In the victim cell side, it could know the RI happening from the interference power level and interference pattern in the OFDM symbols after GP. From LTE experience, there is an observed “downhill” interference pattern when RI happens, which could be referred in NR RIM. To guarantee the reliable UL reception before RI disappearance, the victim can use the regular mechanisms, such as power control and/or link adaptation, etc., or use NR enabled flexible scheduling in time domain, by not scheduling the UL transmission in the symbols suffering higher interference. When RI turning low, which is either because atmosphere ducting is disappeared, or ducting is still existed, but RIM operations has been stared in the corresponding aggressor cells, the victim cell will reconfigure the UL transmission parameters adaptively. 

Based on the interference reciprocity, if a cell is a victim cell, it will start the RIM operations correspondingly as also an aggressor cell, although the cell might be victim cell only and not generating any RI. On the other hand, if the cell is aggressor cell only, it might not be able to start the RIM operations autonomously, but should be triggered through e.g., network nodes such as OAM. Details are FFS here.

Observation 5: The way of triggering of RIM operations depends on cell types. 
Proposal 2: The victim cell triggers the RIM operations from the the observed interference level in the OFDM symbols after GP.

The RIM operations in the aggressor cells are mostly muting corresponding DL resources, such as configuring larger GP, or by flexible scheduling and avoiding DL transmission in some certain OFDM symbols before GP, etc. For these operations, the aggressor cell needs to determine how much resources that should be muted in DL. In general, if an aggressor cell is also a victim cell, it can refer to the RI pattern and the power level to determine the number of muted symbols. However, if the cell is an aggressor cell only, this solution is not feasible and other solutions need to be designed. As one candidate, the muted resources could be indicated by the network nodes. Another alternative is to rely on coordinated RS transmission and detection in the victim cell and aggressor cell. As one typical implementation, the victim cell configures one RIM RS, e.g.,CSI-RS, in the OFDM symbol before GP, then from the time this CSI-RS is detected in the aggressor cell, the aggressor cell gets the number of OFDM symbols that must be muted. More details are FFS for this solution.     
The aggressor cells need to determine if the RI is disappeared, so that it can turn the DL transmission to normal. This could be done similarly as above. The RI disappearance could be based network node indication, or in case there is no any CSI-RS detected in the aggressor cell side. 
Proposal 3: From the detection of RIM RS that is transmitted from the victim cell, the aggressor cell can determine the interfered OFDM symbols in the victim cell, and can determine the time of RI disappearance. 
From the analysis, it is obvious that RIM operations are in general saving the UL reception in the victim cell by sacrificing the DL transmissions in the aggressor cells. To reduce the DL impacts in the aggressor cell while still guarantee the reliable victim cell UL reception, following solutions are to be studied,

1) From frequency domain, it could be considered to mute only part of DL BW in the aggressor cell, and UL transmission and reception in the victim cell is happened only in such BW. Here thanks to flexible resource configuration for NR DL and UL control channel and data channel in frequency domain, which results in much “clear” muted resources. 

2) From spatial domain, if the aggressor cell could identify which beams are generating high RI, the DL muting can only happen in these beams. 

3) If the victim cell could identify which of the exact cells are generating high RI, and if there are ways for the victim cell and the aggressor cell to do coordination, then the DL muting can be happened only in the identified aggressor cells.   
Proposal 4: Solutions for reducing the DL impacts in the aggressor cells, such as partial muting in frequency domain and spatial domain, and through exact aggressor cell identification, should be studied.  

For the identification of victim and aggressor cells, CSI-RS is a good candidate and could be served as baseline for evaluation. NR CSI-RS has good auto-correlation and cross correlation properties. Furthermore, it supports flexible configuration in term of time and frequency domain position, and also the scrambling ID. As for RIM purpose, the CSI-RS could be configured in the OFDM symbol before GP, and carry part of cell ID. The rest bits of cell IDs, could be carried in resource wise, i.e., either frequency domain resources or time domain resources or both [2].
Proposal 5: RI cell identification based on legacy CSI-RS is taken as baseline for performance evaluation for RIM. 
3
Conclusions
In this contribution, we have following observations and proposals for NR RI study,
Observation 1: RI is mainly from one cell’s DL to another cell’s UL in TDD networks.

Observation 2: LTE experience on remote interference might be relevant for NR as well. 
Observation 3: Following factors impact the RI phenomenon in NR,  

· NR with higher carrier frequency means higher attenuation. 

· NR with higher SCS means more UL OFDM symbols interfered under same propagation delay.
· NR with higher BW means more frequency resources being interfered. 

· NR with finer beamforming means RI generated from only part of beams.

· No common reference signal in NR means no interference from it.
Observation 4: When RI happens, RIM operations are triggered in both victim cells and the aggressor cells. 

Observation 5: The way of triggering of RIM operations depends on cell types. 

Proposal 1: study the solutions for the necessary RIM steps in both the victim cell and aggressor cell, including,

· Determination of RI happening

· RI mitigation as the victim cell and as the aggressor cell
· Determination of RI disappearing and stop RI mitigation solutions. 
Proposal 2: The victim cell triggers the RIM operations from the the observed interference level in the OFDM symbols after GP.
Proposal 3: From the detection of CSI-RS that is transmitted from the victim cell, the aggressor cell can determine the interfered OFDM symbols in the victim cell, and can determine the time of RI disappearance. 
Proposal 4: Solutions for reducing the DL impacts in the aggressor cells, such as partial muting in frequency domain and spatial domain, and through exact aggressor cell identification, should be studied.  

Proposal 5: RI cell identification based on legacy CSI-RS is taken as baseline for performance evaluation for RIM. 
References

[1] RP-181430, “New SI proposal: Study on remote interference management for NR”, 3GPP RAN#80, La Jolla, USA, June 11 - 15, 2018
[2] R1-1809222, “Considerations on identifying strong gNB interferers”, Nokia, Nokia Shanghai Bell, 3GPP RAN1#94, Gothenburg, Sweden, August 20th – 24th, 2018.
_1595328884.vsd
Victim cell:


U


D


GP


U


D


GP


U


D


U


D


D


D


D


D


0.5ms slot


Propagation delay


U


D


GP


U


D


D


D


Aggressor cell:


0.5ms slot



_1595328550.vsd
Cell 1


Victim & aggressive 


Victim & aggressive 


aggressive 


Cell 2


Cell 3



