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[bookmark: _Hlk521259925]At RAN#82 meeting, a study item of regarding Remote Interference Management for NR (NR-RIM) was closed [1], and new work item regarding Cross Link Interference (CLI) handling and Remote Interference Management (RIM) for NR was agreed [2].
In the RIM SI, the frameworks for mechanisms for gNBs to start and terminate the transmission/ detection of reference signal(s), the functionalities and requirements of the corresponding RS(s) as well as the design of the RS(s), and the backhaul-based coordination mechanisms among gNBs have been studied, where the outcome and conclusions of the SI was captured in TR 38.866 [3]. 
The detailed objectives of this WI for RIM are:
· Specify RIM RS resource and configurations, including [RAN1]
· A basic RIM-RS resource
· Configuration of RIM-RS and distinguishable RIM RS-1/2 resources, including sequence type, time and frequency transmission pattern
· Determine gNB set identification information through detection of RIM-RS(s) by implicit or explicit indication. Determine further information that can be carried by the RIM-RS, such as “Ducting phenomenon exists”, “Enough mitigation” & “Not enough mitigation”,   [RAN1, SA5]
· Specify the inter-set RIM backhaul signaling via the core network to convey the messages of “RIM-RS detected” and “RIM-RS disappeared [RAN3]
· Identify corresponding OAM functions to support RIM operation [RAN1, RAN3].
Impact on SA5 
· Support all necessary bidirectional information exchange with the OAM and/or unidirectional information indication/configuration by the OAM for RIM operation as identified by RAN1/RAN3  [SA5]
· Support of multiple configurations for basic RIM-RS transmission, including resource and/or functionality, if not specified in RAN1 [SA5]
Impact on SA 2
a)  If needed, coordinate with SA2 to support core-network based inter-gNB coordination solutions[SA2]
In RAN1-AH1901 meeting, the following OAM functions were agreed [4]:
	Agreements:
· OAM configures RIM-RS configurations and provide necessary additional configuration information for one or more of functionalities of RIM-RS.
· RIM-RS configuration refers to the parameter set that includes sequence, time-frequency resource, periodicity, etc
· The initialization seed for RIM-RS is configured by OAM and the subsequent seed will be changing over time.
· OAM configures gNB to turn ON or OFF RIM-RS monitoring.
· OAM configures gNB with information required for periodic RIM-RS monitoring.
· The OAM configures gNBs to report the all necessary information derived from the detected RIM-RS.


In this contribution, additional OAM functions to support RIM operation are first discussed, and some details on the agreed OAM functions are then provided. This is a revision of R1-1900411.
Discussion on additional OAM functions
OAM configuration for mapping between set ID and gNB ID
The mapping between the set ID and gNB ID is configured by OAM, where gNBs within a set transmit the same RIM-RS. According to the adopted framework, the OAM may need to configure two groups of set ID for a gNB, namely, the set ID to transmit RS-1 and that to transmit RS-2. The granularity of the set ID for RS-1 transmission could be finer than that for RS-2 transmission. By doing so, more accurate information can be obtained from the set ID for RS-1 transmission, while more RS-2 can be transmitted together to improve the hearability.
Proposal 1: OAM configures the mapping between the set ID and gNB ID.

OAM configuration for report additional information 
Reporting gNB ID to prevent malicious attacker
In RAN1-AH1901 meeting, it was agreed that the initialization seed for RIM-RS is configured by OAM and the subsequent seed will be changing over time, for the security perspective [4]. Besides the configuration of the initialization seeds that changing over time to ensure the network robustness, OAM can convey the gNB ID of a detected RS to the RIM-RS sender, which is a “handshake” process between the victim and aggressor before the aggressor applies the remote interference mitigation schemes. To be specific, when a victim senses its IoT increase, it starts transmitting RS-1. An aggressor that detects the RS-1 starts transmitting RS-2, and sends a signaling that carries its gNB ID to the source of the RS-1 via OAM. The victim then sends its gNB ID back to the aggressor via OAM. With this “handshake” process, the aggressor can determine the identity of the RS-1 sender. When the aggressor confirms that it causes remote interference to the victim, it then applies mitigation schemes. Therefore, this “handshake” function can prevent the malicious attacker. 
Proposal 2: The gNB ID of a detected RIM-RS is conveyed by OAM to the source of the RIM-RS, to prevent malicious attackers.

Reporting remote interference event for information gathering 
When IoT first exceeds configured threshold (denoted as Event E1), a gNB may periodically report information to OAM. If such information can be collected among the whole network of an operator, it will be helpful for the operators to analyse the remote interference situation more accurately. The report information format may include gNB ID of reporter, and RSSI of measurement interval.
Proposal 3: A gNB periodically reports information to OAM when IoT first exceeds configured threshold (denoted as Event E1), where, the report information format may include gNB ID of reporter, and RSSI of measurement interval.

Reporting remote interference mitigation schemes for information gathering 
When gNB starts to apply remote interference mitigation scheme (denoted as Event E2), a gNB may periodically report information to OAM, based on which the OAM can perform further data analysis. The report information format may include gNB ID of reporter, type and corresponding parameters of remote interference mitigation scheme. In general, these parameters may include:
· The number of backoff symbols, for the time-domain mitigation scheme;
· Frequency domain offset and bandwidth of the muted frequency resources, for the frequency-domain mitigation scheme;
· The transmission power or reduced power, for the power-domain mitigation schemes.
Proposal 4: A gNB periodically reports information to OAM when gNB starts to apply remote interference mitigation scheme (denoted as Event E2), where, the report information format may include gNB ID of reporter, and type and corresponding parameters of remote interference mitigation scheme, which may include:
· The number of backoff symbols, for the time-domain mitigation scheme;
· Frequency domain offset and bandwidth of the muted frequency resources, for the frequency-domain mitigation scheme;
· The transmission power or reduced power, for the power-domain mitigation schemes.

Details on OAM configurations
In this section, we provide details on OAM configurations according to the agreement in RAN1-AH1901 meeting:
Agreements:
· OAM configures gNB with information required for periodic RIM-RS monitoring.
· The OAM configures gNBs to report the all necessary information derived from the detected RIM-RS.

Details on reporting information derived from detected RIM-RS
When at least one RIM-RS configuration is detected (denoted as event E3), a gNB may periodically report information to OAM, where, the report information format may include gNB ID of reporter, information set of {RIM-RS configuration index, Set ID, RSRP, and propagation delay} corresponding to each detected RIM-RS, where an example of the reporting format is shown in Appendix (See Format of ReportInformation-EventE3).
Proposal 5: A gNB periodically reports information to OAM when at least one RIM-RS configuration is detected (denoted as event E3), where, the report information format may include gNB ID of reporter, information set of {RIM-RS configuration index, Set ID, RSRP, and propagation delay} corresponding to each detected RIM-RS.
Details on configuration for periodic RIM-RS monitoring
In the following, we further discuss the detailed parameters periodic RIM-RS monitoring to be configured by OAM. 


Figure 1. Regular RIM-RS monitoring occasions configured by OAM.
The periodic RIM-RS monitoring occasions are depicted in Figure 1, which are discretely distributed in periodicity of  TDD DL/UL patterns, where  is mutually prime to  (i.e., ), and  is the number of TDD DL/UL patterns within a RIM-RS transmission periodicity.
Proposal 6: Regular RIM-RS monitoring occasions are discretely distributed in periodicity of  TDD DL/UL patterns, where  is mutually prime to , and  is the number of TDD DL/UL patterns within a RIM-RS transmission periodicity.

The periodic RIM-RS monitoring occasions is defined by startOffsetOfMonitoringOccasion () and intervalSpaceOfAdjacentTimeResource (), and the gNB will monitoring RIM-RS at -th TDD DL/UL patterns, where . Note that  is mutually prime to , where  is the number of TD    D DL/UL patterns within a RIM-RS periodicity.
[bookmark: _GoBack]Proposal 7: The regular RIM-RS monitoring occasions is characterized by the following parameters
· startOffsetOfMonitoringOccasion ()
· intervalSpaceOfAdjacentTimeResource ()
where  is mutually prime to , with  as the number of TDD DL/UL patterns within a RIM-RS transmission periodicity.
An example of RIM-RS-MonitoringOccasionConfig is shown in Appendix (See RIM-RS-MonitoringOccasionConfig information element).

Overall OAM configuration 
According to the previous discussions, there are majorly four events in the RIM process which can be summarized as follows, 
· E1: IoT exceeds configured threshold,
· E2: gNB starts to apply remote interference mitigation scheme,
· E3: RIM-RS configuration(s) are detected,
· E4: Remote interference disappears.
A gNB may start periodically reporting information to OAM when event E1/E2/E3 is triggered, and stop reporting when event E4 happens, wherein, the reported quantities are the measurement results averaging over the latest report period,
Proposal 8: A gNB starts periodically reporting information to OAM when event E1/E2/E3 is triggered, and stops reporting when event E4 happens, wherein, the reported quantities are the measurement results averaging over the latest report period,
· E1: IoT exceeds configured threshold,
· E2: gNB starts to apply remote interference mitigation scheme,
· E3: RIM-RS configuration(s) are detected,
· E4: Remote interference disappears.
In the appendix, RIM-RS-ReportConfig IE shows a skeleton of RIM-RS report configuration (See RIM-RS-ReportConfig information element).

Conclusions
In this contribution, we share our views on additional OAM functions to support RIM operation. The proposals are summarised as follows:
Proposal 1: OAM configures the mapping between the set ID and gNB ID.
Proposal 2: The gNB ID of a detected RIM-RS is conveyed by OAM to the source of the RIM-RS, to prevent malicious attacker.
Proposal 3: A gNB periodically reports information to OAM when IoT first exceeds configured threshold (denoted as Event E1), where, the report information format may include gNB ID of reporter, and RSSI of measurement interval.
Proposal 4: A gNB periodically reports information to OAM when gNB starts to apply remote interference mitigation scheme (denoted as Event E2), where, the report information format may include gNB ID of reporter, and type and corresponding parameters of remote interference mitigation scheme, which may include:
· The number of backoff symbols, for the time-domain mitigation scheme;
· Frequency domain offset and bandwidth of the muted frequency resources, for the frequency-domain mitigation scheme;
· The transmission power or reduced power, for the power-domain mitigation schemes.
Proposal 5: A gNB periodically reports information to OAM when at least one RIM-RS configuration is detected (denoted as event E3), where, the report information format may include gNB ID of reporter, information set of {RIM-RS configuration index, Set ID, RSRP, and propagation delay} corresponding to each detected RIM-RS.
Proposal 6: Regular RIM-RS monitoring occasions are discretely distributed in periodicity of  TDD DL/UL patterns, where  is mutually prime to , and  is the number of TDD DL/UL patterns within a RIM-RS transmission periodicity.
Proposal 7: The regular RIM-RS monitoring occasions is characterized by the following parameters
· startOffsetOfMonitoringOccasion ()
· intervalSpaceOfAdjacentTimeResource ()
where  is mutually prime to , with  as the number of TDD DL/UL patterns within a RIM-RS transmission periodicity.
Proposal 8: A gNB starts periodically reporting information to OAM when event E1/E2/E3 is triggered, and stops reporting when event E4 happens, wherein, the reported quantities are the measurement results averaging over the latest report period,
· E1: IoT exceeds configured threshold,
· E2: gNB starts to apply remote interference mitigation scheme,
· E3: RIM-RS configuration(s) are detected,
· E4: Remote interference disappears.

Appendix
Format of ReportInformation-EventE3
ReportInformation-EventE1 ::=      SEQUENCE {
    reporter-gNB-Id                      gNB-Id,
    rim-RS-ConfigReportInfoList          SEQUENCE (SIZE (1..TBD)) OF RIM-RS-ConfigReportInfo,
    ...
}

RIM-RS-ConfigReportInfo ::=              SEQUENCE {
    rim-RS-SetIdReportInfoList                  SEQUENCE (SIZE (1..TBD)) OF RIM-RS-SetIdReportInfo,
    ...
}

RIM-RS-SetIdReportInfo ::=                      SEQUENCE {
    rim-RS-SetId                                      RIM-RS-SetId,
    rim-RS-RSRP                                       RSRP-Range,
    rim-RS-PropagationDelay                           RIM-RS-PropagationDelayRange,
    ...
}


	ReportInformation-EventE3 field descriptions

	reporter-gNB-Id
gNB ID of reporter.

	rim-RS-ConfigReportInfoList
List of report information about each detected RIM-RS configuration.



	RIM-RS-ConfigReportInfo field descriptions

	rim-RS-SetIdReportInfoList
List of report information about each detected Set ID corresponding to given detected RIM-RS configuration.



	RIM-RS-SetIdReportInfo field descriptions

	rim-RS-SetId
The Set ID of detected RIM-RS corresponding to given detected RIM-RS configuration.

	rim-RS-RSRP
RSRP of detected RIM-RS.

	rim-RS-PropagationDelay
The propagation delay of detected RIM-RS, in unit of OFDM symbols, which is the difference between the detected position of receiver and the transmission position of transmitter within a TDD DL/UL pattern.



RIM-RS-MonitoringOccasionConfig information element
-- ASN1START
-- TAG-RIM-RS-MONITORINGOCCASIONCONFIG-START

RIM-RS-MonitoringOccasionConfig ::=          SEQUENCE {
    referenceSubcarrierSpacing                   SubcarrierSpacing,
    tdd-UL-DL-Pattern1                           TDD-UL-DL-Pattern-RIM,
    tdd-UL-DL-Pattern2                           TDD-UL-DL-Pattern-RIM        OPTIONAL,
    referenceTimeInfoUTC                         INTEGER (0..TBD),
    startOffsetOfMonitoringOccasion              INTEGER (0..TBD),
    intervalSpaceOfAdjacentMonitoringOccasion    INTEGER (0..TBD),
    ...
}

-- TAG-RIM-RS-MONITORINGOCCASIONCONFIG-STOP
-- ASN1STOP


	RIM-RS-MonitoringOccasionConfig field descriptions

	referenceSubcarrierSpacing
Reference SCS used to determine the time domain boundaries in the UL-DL pattern which must be common across all subcarrier specific carriers. (see [5])

	tdd-UL-DL-Pattern1
The first TDD DL/UL pattern, where TDD-UL-DL-Pattern-RIM is defined in [5].

	tdd-UL-DL-Pattern2
The second TDD DL/UL pattern, if two TDD DL/UL patterns are configured.

	referenceTimeInfoUTC
Coordinated Universal Time corresponding to the time-domain resource pool boundary. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). (see [5])

	startOffsetOfTimeResourcePool
Start offset of regular RIM-RS monitoring occasion, in unit of TDD DL/UL pattern. ()

	intervalSpaceOfAdjacentTimeResource
Interval space of adjacent regular RIM-RS monitoring occasion, in unit of TDD DL/UL pattern. (, as shown in Figure 1).
NOTE:  (intervalSpaceOfAdjacentTimeResource) and  (the number of TDD DL/UL patterns within a RIM-RS transmission periodicity) are mutually prime, i.e. ,



RIM-RS-ReportConfig information element
-- ASN1START
-- TAG-RIM-RS-REPORTCONFIG-START

RIM-RS-RepoetConfig ::=   SEQUENCE {
    eventId                                     CHOICE {
        event-RIM-RS-Detected                          SEQUENCE {
            TBD
        },
        event-IoT-Exceed                               SEQUENCE {
            iot-Threshold                                MeasTriggerQuantity,
            TBD
        },
        event-StartMitigation                           SEQUENCE {
            TBD
        },
    reportInterval                              ReportInterval,
    ...
}

-- TAG-RIM-RS-REPORTCONFIG-STOP
-- ASN1STOP
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