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1
Introduction
In RAN1#94bis meeting, the remote interference mitigation schemes were discussed and the following agreements were reached. [1]
Agreements: 
· Capture the following updated structure in TR 38.866 to include time-domain, frequency-domain, spatial domain and power-domain solutions.

6.1.1
Solutions by network implementation


6.1.1.1 Time-domain based solutions

6.1.1.2 Frequency-domain based solutions

6.1.1.3 Spatial-domain based solutions

6.1.1.4 Power-domain based solutions

6.1.2
Solutions with specification impact


6.1.2.1 Time-domain based solutions

6.1.2.2 Frequency-domain based solutions

6.1.2.3 Spatial-domain based solutions

6.1.2.4 Power-domain based solutions

Agreements:

· Time domain RIM mitigation include the following: 

· Time-domain Aggressor-side RIM mitigation solutions at least include: DL symbols backoff, i.e., muting DL symbol(s) that cause interference to the Victim. 

· Note that this sacrifices downlink throughput of the aggressor gNB

· FFS details

· Time-domain Victim-side RIM mitigation solutions at least include Victim gNB avoids scheduling on UL symbol(s) that are interfered

· Note that this sacrifices uplink throughput of the victim gNB

· FFS details

· Note: frequency domain mitigation schemes are separate

Agreements:

· Frequency domain RIM mitigation solutions for study at least include the following. Discuss further on whether they are network implementation solutions or have potential spec impact

· Partial muting in frequency domain at either aggressor gNB or victim gNB

· Utilizing different frequency band between aggressor gNBs and victim gNBs by scheduling or activating different BWPs or sub-bands with no overlapped bandwidth between them. 

· Note that if the victim UL and the aggressor DL use non-overlapped bandwidths all the time (as in a static manner), the spectral efficiency and UL/DL capacity will be reduced

Agreements:

· Spatial domain RIM mitigation solutions for study at least include the following. Discuss further on whether they are network implementation solutions or have potential spec impact

· Receive beam nulling at victim gNB, to suppress the remote interference in spatial domain.

· Scheduling UE transmission that will be received in spatial directions that are less interfered at Victim gNB
· Controlling transmit beam (e.g., down-tilting) at aggressor gNB

· Use different beam directions on different DL positions (e.g. choose the beam direction which experiences minimal interference, then according to reciprocity, use this beam to perform transmission in DL resources adjacent to GP)

· Mounting antennas at lower height, electrical/mechanical down-tilt.

· Note that adjusting the down-tilting or height of the antenna at Aggressor or Victim gNB may reduce corresponding cell coverage.

Agreements:

· Power control mechanism for RIM mitigation for study at least include the following.  Discuss further on whether they are network implementation solutions or have potential spec impact

· Increase UE transmission power at Victim gNB

· Reduce the DL transmission power of Aggressor gNB 
In this contribution, we give the analysis on interference mitigation schemes and the possible standard impacts. 
2
Remote interference mitigation schemes
As agreed in RAN1#94 bis meeting, the NR remote interference mitigation schemes at least include time domain, frequency domain, spatial domain and power domain schemes. Each scheme is analysed in the following section. 
· Time domain interference mitigation scheme
For time domain scheme, aggressor cell would mute several DL symbols to avoid the interference to victim. the number of symbols to be muted is estimated by calculating the propagation delay of RIM-RS from victim. Similarly, the victim would avoid the scheduling interfered UL symbols. 

· For framework-1, the number of symbols can be estimated from reception of RIM-RS2. As no backhaul signalling exchange in framework-1, victim and aggressor could sacrifice the same number of symbols, which is overreacted, and causing the unnecessary performance loss. 
· For framework 2-1, aggressor will inform the victim the reception of RIM-RS via the backhaul signalling, but no number of muted symbol information is exchanged, thus the aggressor mutes the symbols based on the detection of RIM-RS, victim has no information on how many symbols should be muted.
· For framework-2.2, victim will send the information to aggressor to assist RIM coordination, as no RIM-RS 2 is transmitted by aggressor, the victim doesn’t know the distance from the aggressor. So aggressor need to send additional backhaul signalling including the distance information to victim to coordinate how many symbols are muting from each side.

For the standard impact of time domain interference mitigation scheme, no physical layer specification impact is expected, it could need standard work on backhaul signalling to coordinate distance information and muting symbols between victim and aggressor.

Observation 1: The time domain interference mitigation scheme is more efficient with the backhaul signalling exchange. The possible standard impact is on backhaul signalling, e.g., coordinate distance information and muting symbols between victim and aggressor.
· Frequency domain interference mitigation scheme

Larger bandwidth can be configured for NR, thus it can be divided into several sub-bands for RIM-RS transmission, if gNB only occupies one sub-band for RIM-RS transmission, the FDM method can be used to reduce the RIM-RS transmission periodicity, the duct interference source can be detected quickly. Another benefit of sub-band is to mitigate the interference in frequency domain, more specifically, some sub-bands are utilized by aggressor and others are used by victim, in this way, the DL performance of aggressor and UL performance of victim are balanced. The coordination of sub-band needs the backhaul signalling support, hence frequency domain interference mitigation scheme is not suitable for the framework-1. This scheme could work with time domain scheme together, even the sub-band is allocated to victim, it can still be used by aggressor with proper DL symbol backoff. 
For the standard impact of frequency domain interference mitigation scheme, sub-band need to be defined or configured. To coordinate the sub-band allocation between victim and aggressor, backhaul signalling exchange is required. If one gNB is the aggressor of multiple victim gNBs, or vice versa, the sub-band coordination among multiple gNBs may not work well.  
Observation 2: The frequency domain interference mitigation scheme needs the backhaul signalling to coordinate the sub-bands allocation.

· Spatial domain interference mitigation scheme
Beamforming technique is widely used in NR. If the interference beam is identified, then the spatial domain interference mitigation scheme can be applied. Ideally, both the victim and aggressor can schedule the users in the beam direction with less duct interference. In case of victim suffers the interference from multiple beam directions from different aggressors, the effectiveness of beam management scheme will decrease. To acquire the beam direction information, RIM-RS need to be transmitted by each beam in a RIM-RS transmission occasion, the consequence is the RIM-RS transmission periodicity getting longer, duct interference need more time to be detected. 
It was agreed three frameworks will be studied further, for framework-1, both aggressor and victim will transmit the RIM-RS, thus the beam information can be available after the RIM-RS detection. For other two frameworks, the aggressor maybe not transmit the RIM-RS, the aggressor may use the detected beam direction information from victim to deduce which its beam is the interference source, and send the beam information to victim via the backhaul signalling.  
Another spatial domain scheme is the adjustment of antenna down-tilt to reduce the interference, the side effect is the cell coverage is reduced, some UE may not access the network. But it’s an implementation solution without standard impacts. 

Observation 3: The spatial domain interference mitigation scheme need the backhaul signalling to coordinate the information of beam direction. The effectiveness of this scheme need to be studied.
· Power domain interference mitigation scheme
Power adjustment is another scheme to reduce the duct interference. From victim side, the users in cell center are scheduled with increase transmission power, according to the defined uplink power control mechanism, the accumulated power control is not suitable for this scheme, as only the UL slot adjacent to GP requires the higher transmission power to combat the duct interference. For absolute power control, the maximum power control step is 4dB, it need to evaluate whether the 4dB power adjustment is enough for interference mitigation. From aggressor side, similarly, the cell center users are scheduled with reduced DL transmission power, but the power difference shall follow the RAN4 defined RE power control dynamic range for different modulation schemes.
Observation 4: The possible standard impact on uplink power control needs to be studied further.
3
Inter-operator remote interference management
In 4G era, the LTE TDD network is not extensively deployed globally. For NR, TDD mode is more attractive to operators. From frequency band allocation perspective, many countries share the similar allocation for NR, such as 3.5GHz frequency band. If NR TDD network is deployed on the same frequency band from the neighboring countries, the DL signal could propagate the distance over 100km due to duct effect, which would cause the crossing country interference. The victim gNB could suffer the duct interference from its own network or from the network of other country. In current RIM study, it’s better to investigate the inter-operator scenario as well to provide solutions for inter-operator remote interference management.  
Proposal: Inter-operator scenario is considered in RIM study.

4
Conclusions

In this contribution, different remote interference mitigation schemes are discussed, the following proposal and observations are made.
Observation 1: The time domain interference mitigation scheme is more efficient with the backhaul signalling exchange. The possible standard impact is on backhaul signalling, e.g., coordinate distance information and muting symbols between victim and aggressor.
Observation 2: The frequency domain interference mitigation scheme needs the backhaul signalling to coordinate the sub-bands allocation.

Observation 3: The spatial domain interference mitigation scheme need the backhaul signalling to coordinate the information of beam direction. The effectiveness of this scheme need to be studied.
Observation 4: The possible standard impact on uplink power control needs to be studied further.
Proposal: Inter-operator scenario is considered in RIM study.
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