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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 signalling 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/configuation 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 this contribution, we discuss on the configuration of RIM-RS.
General consideration on RIM-RS configuration
As captured in TR 38.866 [3], a RIM-RS configuration is referring to the configuration of the resource for transmission of a basic RIM RS resource, wherein, a basic RIM RS resource is referring to 2OS RS with comb-1.
[bookmark: _Hlk534316856]A gNB can be configured with multiple RIM-RS configuration, where, each RIM-RS configuration is reserved to serve multiple Causes, such as,
· Cause A: distinguishing RIM RS-1/2 resources, which conveys “Ducting phenomenon exists”, “Enough mitigation” & “Not enough mitigation” information;
· Cause B: repeating at least in time-domain to improve detection performance;
· Cause C: utilizing different transmission position (in granularity of OFDM symbol) to enable detection by “near” & “far” aggressors [4].
For example, RIM-RS configuration 1 is reserved for near aggressors to detect of 1st transmission of RS-1 which convey information of “Not enough mitigation” information, while RIM-RS configuration 2 is reserved for 2nd transmission of RS-1 with similar meaning as RIM-RS configuration 1.
[bookmark: _Hlk534908909]Observation 1: A gNB can be configured with multiple RIM-RS configuration, where, each RIM-RS configuration is reserved to serve multiple Causes.

As captured in WID [2], as a transmitter, a gNB can obtain multiple configurations for basic RIM-RS transmission, including resource and/or functionality, by OAM; and as a receiver, a gNB can determine gNB Set ID information through detection of RIM-RS(s) by implicit or explicit indication. Therefore, regarding each given RIM-RS configuration, it is necessary that transmitters and receivers have consistent understanding on which Set ID should use which transmission resource. It can be achieved by two approaches:
· Approach 1: OAM configures the whole transmission resource pool per network per RIM-RS configuration for each gNB, and specification defines the mapping rule between the transmission resources index and Set ID. As a transmitter, a gNB can index transmission resource based on configured Set ID. Meanwhile, as a receiver, a gNB can also derive RIM-RS configuration as well as Set ID based on received RIM-RS resources.
· Approach 2: OAM configures dedicated transmission resource per Set ID per RIM-RS configuration for each gNB, and one centralized/localized module is deployed to collects all the configurations for each Set ID. As a transmitter, a gNB can directly obtain the transmission resource based on OAM configuration. However, as a receiver, a gNB may need to first query the centralized/localized module to find the dedicated transmission resource of all other gNBs, and then derive the Set ID based on received RIM-RS resources.
It is clear that Approach 1 is much simpler and more efficient than Approach 2. 
[bookmark: _Hlk534908877]Proposal 1: Regarding each given RIM-RS configuration, in order to achieve consistent understanding among transmitters and receivers on which Set ID should use which transmission resource, it is preferred that OAM configures the whole transmission resource pool per network per RIM-RS configuration for each gNB, and specification defines the mapping rule between the transmission resources index and Set ID.

Operator will partition all available resources (including time and frequency resource, sequence) within a configured periodicity into multiple RIM-RS configurations.


Figure 1. Demonstration of resource partition for partly RIM-RS configurations.
For example, as shown in Figure 1, partly RIM-RS configurations are configured for N set IDs, where configuration #1/#2 is reserved for near aggressors to detect of regular RS-1 with 1st / 2nd transmission among 2 repetition, and configuration #3/#4 is reserved for far aggressors to detect of regular RS-1 with 1st / 2nd transmission, and configuration #5/#6 is reserved for near/far aggressors to detect of RS-2.
As illustrated above, a gNB can be configured multiple RIM-RS configurations where each configuration should contain a cause indication and the corresponding resource pool.
[bookmark: _Hlk534908881]Proposal 2: Each RIM-RS configuration contains at least the following
· Cause(s) for the RIM-RS configuration,
· Transmission resource pool per network per RS configuration.

Discussion on configuration parameters
Causes for RIM-RS configurations
OAM can configure Cause definition as well as the relationship between RIM-RS configurations and combination of Causes.
An example is shown as following, where Table 1 defines the Causes, and Table 2 provides the relationship between RIM-RS configurations and combination of Causes, where partly RIM-RS configurations configurations are shown in Figure 1.
Table 1. Definition of Causes.
	Cause index
	Meaning

	Cause A1
	To transmit regular RS-1, which can convey the following information,
· to provide information whether the atmospheric ducting phenomenon exists;
· to assist the aggressor to identify how many UL OFDM symbols at victim it impacted;
· to inform that "Not enough mitigation, further actions needed".

	Cause A2
	To transmit RS-1 for “Enough mitigation”, which can convey the following information,
· to provide information whether the atmospheric ducting phenomenon exists;
· to assist the aggressor to identify how many UL OFDM symbols at victim it impacted;
· to inform that " Enough mitigation, no further actions needed ".

	Cause A3
	To transmit RS-2, which can convey the following information,
· to provide information whether the atmospheric ducting phenomenon exists.

	Cause B1
	1st transmission among K repetition to improve detection performance

	Cause B2
	2nd transmission among K repetition to improve detection performance

	…
	

	Cause BK
	Kth transmission among K repetition to improve detection performance

	Cause C1
	To enable detection by “near” aggressors

	Cause C2
	To enable detection by “far” aggressors



Table 2. Relationship between RIM-RS configurations and combination of Causes
	RIM-RS configuration ID
	Combination of Causes
	Comments

	RIM-RS configuration #1
	Cause A1+B1+C1
	Reserved for near aggressors to detect of regular RS-1 with 1st transmission among 2 repetition.

	RIM-RS configuration #2
	Cause A1+B2+C1
	Reserved for near aggressors to detect of regular RS-1 with 2nd transmission among 2 repetition.

	RIM-RS configuration #3
	Cause A1+B1+C2
	Reserved for far aggressors to detect of regular RS-1 with 1st transmission among 2 repetition.

	RIM-RS configuration #4
	Cause A1+B2+C2
	Reserved for far aggressors to detect of regular RS-1 with 2nd transmission among 2 repetition.

	RIM-RS configuration #5
	Cause A2+C1
	Reserved for near aggressors to detect of RS-2.

	RIM-RS configuration #6
	Cause A2+C2
	Reserved for far aggressors to detect of RS-2.

	RIM-RS configuration #7
	Cause A1+B1+C1
	Reserved for near aggressors to detect of RS-1 for “Enough mitigation” with 1st transmission among 2 repetition.

	RIM-RS configuration #8
	Cause A1+B2+C1
	Reserved for near aggressors to detect of RS-1 for “Enough mitigation” with 2nd transmission among 2 repetition.

	RIM-RS configuration #9
	Cause A1+B1+C2
	Reserved for far aggressors to detect of RS-1 for “Enough mitigation” with 1st transmission among 2 repetition.

	RIM-RS configuration #10
	Cause A1+B2+C2
	Reserved for far aggressors to detect of RS-1 for “Enough mitigation” with 2nd transmission among 2 repetition.


[bookmark: _Hlk534908888]
Proposal 3: OAM can configure Cause definition as well as the relationship between RIM-RS configurations and combination of Causes, where the Causes include:
· RS functionality, e.g., to provide information whether the atmospheric ducting phenomenon exists; to assist the aggressor to identify how many UL OFDM symbols at victim it impacted; to inform that "Not enough mitigation, further actions needed"; to inform that " Enough mitigation, no further actions needed ", etc.
· Repetition indication, to indicate whether this configuration is a repetition of previous configurations.
· Near/Far indication, to enable detection by “near”/ “far” aggressors.

Note that the gNB can apply proper actions according to the Causes for each RIM-RS configuration, however, the rules between Causes and corresponding actions is captured in RIM frameworks, which can be up to network implementation, and have no specification impact. A proposed framework is given in Appendix for reference.

The maximum number of RIM-RS configurations relies on the number of possible combinations of Causes. For instance, as shown in Figure 2, up to  RIM-RS configurations is required in Table 2 to support possible combinations of Cause A/B/C, where,  denotes the number of repeating in time-domain (in Table 2,  for demonstration).


Figure 2. Number of RIM-RS configurations in Table 2.

[bookmark: _Hlk534908896]Observation 2: The maximum number of RIM-RS configurations relies on the number of possible combinations of Causes.

Transmission resource pool per network per RIM-RS configuration
As discussed in Section 2, it is recommended that OAM configures the whole transmission resource pool per network per RIM-RS configuration for each gNB.
For simplification, the transmission resource pool can be divided into three orthogonal parts, i.e., time-domain resource pool, frequency-domain resource pool, sequence pool. Each transmission resource can be uniquely indexed by resources index span in <time, frequency, sequence> dimension.
[bookmark: _Hlk534908924]Observation 3: Transmission resource pool can be divided into time-domain resource pool, frequency-domain resource pool, and sequence pool. Each transmission resource can be uniquely indexed by resources index span in <time, frequency, sequence> dimension.

Configuration of time-domain resource pool
As shown in Figure 3, we illustrate the time-domain resource pool per network for a certain RIM-RS configuration #x, where the corresponding parameters are configured in the IE RIM-RS-ResourceConfig-TimeResourcePool as given in the end of this subsection.


Figure 3. Time-domain resource pool.
The time-domain resource pool is defined by configuring a startOffsetOfTimeResourcePool () within a rim-RS-Periodicity () to denote the start of the time resource pool. Then configure a duration sizeOfResourcePool () to indicate the size of this resource pool and an interval intervalSpaceOfAdjacentTimeResource () to distinguish the resources within the resource pool.
In each configuration, the time resource grid is determined by the configured TDD DL/UL pattern. No matter whether one or two TDD DL/UL patterns are configured, the above parameters are configured in unit of number of TDD DL/UL patterns.
For each configuration, the transmission position of the basic RIM RS resource is configured per TDD DL/UL pattern. At most one transmission position can be configured within in one pattern by indicating the starting OFDM symbol number within the TDD DL/UL pattern.
[bookmark: _Hlk534908932]Proposal 4: The time-domain resource pool is characterized by the following parameters:
· RIM RS periodicity ()
· Start offset within the periodicity ()
· Total size of the resource pool ()
· Gap between adjacent resource ()
where the above parameters are all in unit of number of TDD DL/UL patterns. At most one transmission position can be configured per TDD DL/UL pattern, denoted by the starting OFDM symbol number within the TDD DL/UL pattern.

[bookmark: _Hlk534818956]Furthermore, as captured in TR 38.866 [3], regarding the transmission position of each transmission occasion, for RIM RS-1 in framework 1 and RS in framework 2, the transmission position is fixed in the last X symbols before the DL transmission boundary, i.e., the ending boundary of the transmitted RIM-RS aligns with the 1st reference point, wherein, X is the number of symbols that RIM RS(s) are mapped to. However, as discussed in our company’s contribution [6], the former statement needs to be clarified that: the ending boundary of RIM-RS(s) reserved to be detected by near aggressors need to align with the DL transmission boundary, while the ones reserved to be detected by far aggressors needn’t.
[bookmark: _Hlk534908944]Observation 4: The ending boundary of RIM-RS(s) reserved to be detected by near aggressors need to align with the DL transmission boundary, while the ones reserved to be detected by far aggressors needn’t.

To capture above clarification, we propose to use the parameter usedToRestrictDL-TransmissionBoundary in TDD-UL-DL-Pattern-RIM field is configured per RIM-RS configuration to decide whether the RIM-RS is aligned with the DL transmission boundary. If the parameter usedToRestrictDL-TransmissionBoundary is set to TRUE, the ending boundary of configured basic RIM-RS resource is used as the DL transmission boundary within given TDD DL/UL pattern, i.e., gNB is not expected to transmit/schedule DL signal/data after DL transmission boundary.
[bookmark: _Hlk534908951]Proposal 5: If parameter usedToRestrictDL-TransmissionBoundary in TDD-UL-DL-Pattern-RIM field set to TRUE, gNB is not expected to transmit/schedule DL signal/data after DL transmission boundary within given TDD DL/UL pattern, which is indicated by the ending boundary of configured basic RIM-RS resource.

RIM-RS-ResourceConfig-TimeResourcePool information element
-- ASN1START
-- TAG-RIM-RS-RESOURCECONFIG_TIMERESOURCEPOOL-START

RIM-RS-ResourceConfig_TimeResourcePool ::=   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),
    rim-RS-Periodicity                            INTEGER (0..maxNrofRIM-RS-Periodicity-1),
    startOffsetOfTimeResourcePool                  INTEGER (0..maxNrofRIM-RS-Periodicity-1),
    intervalSpaceOfAdjacentTimeResource            INTEGER (0..maxNrofIntervalSpace-1),
    sizeOfResourcePool                           INTEGER (0..maxNrofRIM-RS-Periodicity-1), 
    ...
}

TDD-UL-DL-Pattern-RIM ::=                       SEQUENCE {
    tdd-UL-DL-Pattern                                TDD-UL-DL-Pattern,
    firstOFDMSymbolOfBasicRIM-RS-Resource           INTEGER (0..TBD), 		OPTIONAL
    usedToRestrictDL-TransmissionBoundary              BOOLEAN, 				OPTIONAL
    ...
}

-- TAG-RIM-RS-RESOURCECONFIG-TIMERESOURCEPOOL-STOP
-- ASN1STOP


	RIM-RS-ResourceConfig-TimeResourcePool 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 38.331, IE TDD-UL-DL-ConfigCommon)

	tdd-UL-DL-Pattern1
The first TDD DL/UL pattern.

	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).

	rim-RS-Periodicity
RIM-RS periodicity, in unit of TDD DL/UL pattern. (, as shown in Figure 3)

	startOffsetOfTimeResourcePool
Start offset of time-domain resource pool within RIM-RS periodicity (), in unit of TDD DL/UL pattern. (, as shown in Figure 3)

	intervalSpaceOfAdjacentTimeResource
Interval space of adjacent resources within time-domain resource pool, in unit of TDD DL/UL pattern. (, as shown in Figure 3)

	sizeOfTimeResourcePool
Size of time-domain resource pool. (, as shown in Figure 3)



	TDD-UL-DL-Pattern-RIM field descriptions

	tdd-UL-DL-Pattern
To be used as the granularity of time-domain unit. It is defined in IE TDD-UL-DL-Pattern. (see 38.331)

	firstOFDMSymbolOfBasicRIM-RS-Resource
To be used to determine the transmission position of basic RIM-RS resource within a TDD-UL-DL-Pattern, wherein, a basic RIM RS resource is referring to 2OS RS with comb-1. (see 38.866, Chapter 6.3.2)

	[bookmark: _Hlk534637980]usedToRestrictDL-TransmissionBoundary
If set to TRUE, the OFDM position of firstOFDMSymbolOfBasicRIM-RS-Resource + 1 is used as the DL transmission boundary within given TDD-UL-DL-Pattern, i.e., gNB is not expected to transmit/schedule DL signal/data after DL transmission boundary. (see 38.866, Chapter 6.3.2)



	Multiplicity and type constraint definitions

	maxNrofRIM-RS-Periodicity
TBD. The maximum number of TDD DL/UL patterns within RIM-RS periodicity ().

	maxNrofIntervalSpace
TBD. The maximum number of TDD DL/UL patterns within adjacent time-domain resources.



Configuration of frequency-domain resource pool
As shown in Figure 4, we illustrate the frequency-domain resource pool per network for a certain RIM-RS configuration #x, where a common reference point is configured, and then a list of offsets is configured to indicate the frequency start of FDMed basic RIM-RS resources in the whole network. The corresponding parameters are configured in the IE RIM-RS-ResourceConfig-FreqencyResourcePool as given in the following.


Figure 4. Frequency-domain resource pool.
[bookmark: _Hlk534909040]Proposal 6: The frequency-domain resource pool is characterized by the following parameters:
· a common reference point, 
· a list of offsets is configured to indicate the frequency start of FDMed basic RIM-RS resources in the whole network 

RIM-RS-ResourceConfig-FreqencyResourcePool information element
-- ASN1START
-- TAG-RIM-RS-RESOURCECONFIG_FREQENCYRESOURCEPOOL-START

RIM-RS-ResourceConfig_FreqencyResourcePool ::=   SEQUENCE {
    rim-RS-SubcarrierSpacing                        SubcarrierSpacing,
    commonReferencePoint                          ARFCN-ValueNR,
    offsetListToCommonReferencePoint               SEQUENCE (SIZE (1.. maxNrofRIM-RS-InFreqency)) OF INTEGER(0.. TBD),
	...
}

-- TAG-RIM-RS-RESOURCECONFIG-FREQENCYRESOURCEPOOL-STOP
-- ASN1STOP


	RIM-RS-ResourceConfig-FrequenceResourcePool field descriptions

	rim-RS-SubcarrierSpacing
SCS of basic RIM-RS resource. (see 38.866, Chapter 6.3.3)

	commonReferencePoint
ARFCN of the lowest subcarrier of common reference point. (as shown in Figure 4)

	offsetListToCommonReferencePoint
The list of offsets in PRB between the common reference point and the lowest subcarrier of candidate basic RIM-RS resource. (FreqOffset #n, as shown in Figure 4)
The size of offsetListToCommonReferencePoint is denoted as .



	Multiplicity and type constraint definitions

	maxNrofRIM-RS-InFreqency
TBD. The maximum number of basic RIM-RS resources in frequency.



Configuration of sequence pool
As captured in TR 38.866 [3], the pseudo-random sequence (length-31 Gold sequence) specified in NR is adopted as the RIM RS sequence. The max number of sequences that one gNB needs to detect in one DL-UL period for interference identification is 8.
As discussed in our company’s contribution [6], compared with a fixed set of initial phase candidates, a configurable one is preferred since it can be regarded as a private security key for different networks/operators. Otherwise, it seems very insecure since a successful reception of RIM-RS may directly lead to DL back-off (RS-1 in Framework-1) and reduce the DL throughput of the receiving gNB. Moreover, in order to avoid repeater jamming, it is preferred that the initial phase of sequence can be further changing over different RIM-RS periodicity.
[bookmark: _Hlk534909050]Proposal 7: From safety perspective and avoiding repeater jamming, the initial phase can be configured by OAM and changing over different RIM-RS periodicity, i.e., jointly determined by <Set ID, counter of RIM-RS periodicity, scramble sequence configured by OAM>.

The IE RIM-RS-ResourceConfig-SequencePool used to configure the sequence pool per network for certain RIM-RS configuration #x is given as the following. Note that the -th scramble sequence selected from scrambleSequenceList is used to generate the initial phase of sequence, where,  is sequence resource index obtained by Set ID () and scrambleSequenceList is to be periodically updated by OAM.
RIM-RS-ResourceConfig-SequencePool information element
-- ASN1START
-- TAG-RIM-RS-RESOURCECONFIG_SEQUENCEPOOL-START

RIM-RS-ResourceConfig_SequencePool ::=   SEQUENCE {
    maxCounterOf-RIM-RS-Periodicity           INTEGER(1.. TBD),
    scrambleSequenceList                      SEQUENCE (SIZE (1.. maxNrofRIM-RS-Sequence)) OF INTEGER(0.. TBD),
    ...
}

-- TAG-RIM-RS-RESOURCECONFIG-SEQUENCEPOOL-STOP
-- ASN1STOP


	RIM-RS-ResourceConfig-SequencePool field descriptions

	maxCounterOf-RIM-RS-Periodicity
The maximum number of counters in unit of RIM-RS periodicity, to be used to generate initial phase of sequence.

	scrambleSequenceList
The list of scrambler sequence, which is used to generate initial phase of sequence, is to be periodically updated by OAM. The size of scrambleSequenceList is denoted as .



	Multiplicity and type constraint definitions

	maxNrofRIM-RS-Sequence
[bookmark: _Hlk534622835]TBD. The maximum number of RIM-RS sequence that one gNB needs to detect in one TDD DL/UL pattern.



Mapping rule between transmission resources index and Set ID
As discussed in Section 2, it is recommended to specify the mapping rule between the transmission resources index and Set ID for each RIM-RS configuration.
As a transmitter, a gNB can first decompose the configured Set ID into resources indexes span in <time, frequency, sequence> dimension, and then uniquely index the required transmission resource in time-domain resource pool, frequency-domain resource pool, and sequence pool corresponding to certain RIM-RS configuration.
As a receiver, a gNB can also derive RIM-RS configuration as well as Set ID based on received RIM-RS resources by assuming certain RIM-RS configuration is transmitted by certain Set ID, whose transmission resources can be derived.
Relationship between Set ID and resources indexes
Set ID () can be one-to-one mapped to time-domain resource index (), frequency-domain resource index (), and sequence resource index () in order of sequence first, then time, and then frequency, as following,
, ,  

Where,  is the size of time-domain resource pool (as indicated by parameter sizeOfTimeResourcePool),  is the size of the list of scrambleSequenceList and is the number of frequency resources (as configured by maxNrofRIM-RS-InFreqency in offsetListToCommonReferencePoint ). Note that,  seems useless to generate the initial phase of RIM-RS sequence.
[bookmark: _Hlk534909250]Proposal 8: Set ID () can be one-to-one mapped to time-domain resource index (), frequency-domain resource index (), and sequence resource index () in order of sequence first, then time, and then frequency, as following,
, ,  
Where,  is the size of time-domain resource pool (as indicated by parameter sizeOfTimeResourcePool),  is the size of the list of scrambleSequenceList and is the number of frequency resources (as configured by maxNrofRIM-RS-InFreqency in offsetListToCommonReferencePoint )

Determining resources through resources indexes
As shown in Figure 3, given time-domain resource index (), the gNB determines to transmit basic RIM-RS resource of certain RIM-RS configuration #x at -th TDD DL/UL pattern within RIM-RS periodicity , if

where,  is time-domain resource index,  is the RIM-RS periodicity,  is the start offset of time-domain resource pool within ,  is the interval space of adjacent resources within time-domain resource pool,  is the offset of selected time-domain resource to transmit basic RIM-RS resource within . Note that , , , and  are all in unit of TDD DL/UL pattern, and , ,  are configured in IE RIM-RS-ResourceConfig_TimeResourcePool.
Vice versa, time-domain resource index () can also be determined through detection of RIM-RS at -th TDD DL/UL pattern within RIM-RS periodicity , i.e., .
[bookmark: _Hlk534909269]Proposal 9: Given time-domain resource index (), the gNB determines to transmit basic RIM-RS resource of certain RIM-RS configuration at -th TDD DL/UL pattern within RIM-RS periodicity , satisfying 

where  , ,  are configured in the time resource pool IE RIM-RS-ResourceConfig_TimeResourcePool.

Meanwhile, given frequency -domain resource index () and sequence resource index (), the gNB determines to transmit basic RIM-RS resource of certain RIM-RS configuration #x at -th element within configured frequency-domain resource pool using the -th scramble sequence to generate initial phase.
[bookmark: _Hlk534909281]Proposal 10: Given frequency-domain resource index () and sequence resource index (), the gNB determines to transmit basic RIM-RS resource of certain RIM-RS configuration at -th element within configured frequency-domain resource pool using the -th scramble sequence to generate initial phase.
Overall configuration of RIM-RS
In this section, we provide the overall OAM configuration for RIM, the detailed IE RIM-Config as the container to integrate all the configuration parameters of RIM-RS, is given below, which include configuration of a set ID for self-identifying, a set ID range for potential detection and a list of RIM RS configurations. The RIM RS configurations will further configure the time, frequency and sequence resource pool.
[bookmark: _Hlk534909290]Proposal 11: The IE RIM-Config, as configured by OAM, is specified in CLI-RIM WI, which include configuration of a set ID for self-identifying, a set ID range for potential detection and a list of RIM RS configurations. The RIM RS configurations will further configure the time, frequency and sequence resource pool.

[bookmark: _Hlk534646141]RIM-RS-Config information element
-- ASN1START
-- TAG-RIM-CONFIG-START

RIM-Config ::=   SEQUENCE {
    rim-RS-ConfigList          SEQUENCE (SIZE (1..maxNrofRIM-RS-Config)) OF RIM-RS-Config,
    rim-RS-SetId              RIM-RS-SetId,
    rim-RS-SetIdRange         RIM-RS-SetIdRange,
    ...
}

RIM-RS-Config ::=              SEQUENCE {
    rim-RS-ConfigId                 RIM-RS-ConfigId,
    rim-RS-TimeResourcePool         RIM-RS-ResourceConfig_TimeResourcePool,
    rim-RS-FrequencyResourcePool     RIM-RS-ResourceConfig_FrequencyResourcePool,
    rim-RS-SequencePool             RIM-RS-ResourceConfig_SequencePool,
    ...
}

RIM-RS-SetIdRange ::=                SEQUENCE {
    startSetId                                 RIM-RS-SetId,
    sizeOfRange                              INTEGER (0.. maxNrofSetID-1),
    ...
}


RIM-RS-ConfigId ::=                  INTEGER (0..maxNrofRIM-RS-Config-1)

RIM-RS-SetId ::=                     INTEGER (0..maxNrofSetID-1)

-- TAG-RIM-CONFIG-STOP
-- ASN1STOP


	RIM-Config field descriptions

	rim-RS-ConfigList
List of RIM-RS configurations.

	rim-RS-SetId
Set ID for self-identifying.

	rim-RS-SetIdRange
Range of Set ID to be determined through detection of RIM-RS(s).



	RIM-RS-Config field descriptions

	rim-RS-ConfigId
ID of RIM-RS configuration.

	rim-RS-TimeResourcePool
Time-domain resource pool reserved for the RIM-RS configuration.

	rim-RS-FrequencyResourcePool
Frequency-domain resource pool reserved for the RIM-RS configuration.

	rim-RS-SequencePool
Sequence pool reserved for the RIM-RS configuration.



	RIM-RS-SetIdRange field descriptions

	startSetId
Start one in Set ID range.

	sizeOfRange
The number of elements in Set ID range.
Set ID ranges from startSetId to startSetId+ sizeOfRange-1.



	Multiplicity and type constraint definitions

	maxNrofRIM-RS-Config
TBD. The maximum number of RIM-RS configurations.

	maxNrofSetID
TBD. The maximum number of Set ID.




Conclusions
In this contribution, we share our views on RIM-RS configuration. The observations and proposals are summarised as follows:
Observation 1: A gNB can be configured with multiple RIM-RS configuration, where, each RIM-RS configuration is reserved to serve multiple Causes.
Observation 2: The maximum number of RIM-RS configurations relies on the number of possible combinations of Causes.
Observation 3: Transmission resource pool can be divided into time-domain resource pool, frequency-domain resource pool, and sequence pool. Each transmission resource can be uniquely indexed by resources index span in <time, frequency, sequence> dimension.
Observation 4: The ending boundary of RIM-RS(s) reserved to be detected by near aggressors need to align with the DL transmission boundary, while the ones reserved to be detected by far aggressors needn’t.

Proposal 1: Regarding each given RIM-RS configuration, in order to achieve consistent understanding among transmitters and receivers on which Set ID should use which transmission resource, it is preferred that OAM configures the whole transmission resource pool per network per RIM-RS configuration for each gNB, and specification defines the mapping rule between the transmission resources index and Set ID.
Proposal 2: Each RIM-RS configuration contains at least the following
· Cause(s) for the RIM-RS configuration,
· Transmission resource pool per network per RS configuration.
Proposal 3: OAM can configure Cause definition as well as the relationship between RIM-RS configurations and combination of Causes, where the Causes include:
· RS functionality, e.g., to provide information whether the atmospheric ducting phenomenon exists; to assist the aggressor to identify how many UL OFDM symbols at victim it impacted; to inform that "Not enough mitigation, further actions needed"; to inform that " Enough mitigation, no further actions needed ", etc.
· Repetition indication, to indicate whether this configuration is a repetition of previous configurations.
· Near/Far indication, to enable detection by “near”/ “far” aggressors.
Proposal 4: The time-domain resource pool is characterized by the following parameters:
· RIM RS periodicity ()
· Start offset within the periodicity ()
· Total Size of the resource pool ()
· Gap between adjacent resource ()
where the above parameters are all in unit of number of TDD DL/UL patterns. At most one transmission position can be configured per TDD DL/UL pattern, denoted by the starting OFDM symbol number within the TDD DL/UL pattern.
Proposal 5: If parameter usedToRestrictDL-TransmissionBoundary in TDD-UL-DL-Pattern-RIM field set to TRUE, gNB is not expected to transmit/schedule DL signal/data after DL transmission boundary within given TDD DL/UL pattern, which is indicated by the ending boundary of configured basic RIM-RS resource.
Proposal 6: The frequency-domain resource pool is characterized by the following parameters:
· a common reference point, 
· a list of offsets is configured to indicate the frequency start of FDMed basic RIM-RS resources in the whole network 
Proposal 7: From safety perspective and avoiding repeater jamming, the initial phase can be configured by OAM and changing over different RIM-RS periodicity, i.e., jointly determined by <Set ID, counter of RIM-RS periodicity, scramble sequence configured by OAM>.
Proposal 8: Set ID () can be one-to-one mapped to time-domain resource index (), frequency-domain resource index (), and sequence resource index () in order of sequence first, then time, and then frequency, as following,
, ,  
Where,  is the size of time-domain resource pool (as indicated by parameter sizeOfTimeResourcePool),  is the size of the list of scrambleSequenceList and is the number of frequency resources (as configured by  maxNrofRIM-RS-InFreqency in offsetListToCommonReferencePoint )
Proposal 9: Given time-domain resource index (), the gNB determines to transmit basic RIM-RS resource of certain RIM-RS configuration at -th TDD DL/UL pattern within RIM-RS periodicity , satisfying 

where  , ,  are configured in the time resource pool IE RIM-RS-ResourceConfig_TimeResourcePool.
[bookmark: _GoBack]Proposal 10: Given frequency-domain resource index () and sequence resource index (), the gNB determines to transmit basic RIM-RS resource of certain RIM-RS configuration at -th element within configured frequency-domain resource pool using the -th scramble sequence to generate initial phase.
Proposal 11: The IE RIM- Config, as configured by OAM, is specified in CLI-RIM WI, which include configuration of a set ID for self-identifying, a set ID range for potential detection and a list of RIM RS configurations. The RIM RS configurations will further configure the time, frequency and sequence resource pool.
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Appendix: Example of proposal framework
Regarding multiple Causes and RIM-RS configurations defined in Table 1 and Table 2, a proposed framework is given in Figure A-1 for reference.


Figure A-1. Proposal framework.
Specifically, if time-domain repetition (Cause B) of RS-1 and/or near/far detection (Cause C) is enabled, multiple RIM-RS corresponding to multiple configurations will be simultaneously transmitted in term of “RS-1/RS-2 transmission”.
For example, referring to RIM-RS configurations defined in Table 2, RIM-RS configuration #1-#4 will be simultaneously transmitted in term of “regular RS-1 transmission”, RIM-RS configuration #7-#10 will be simultaneously transmitted in term of “RS-1 for enough mitigation transmission”, and RIM-RS configuration #5-#6 will be simultaneously transmitted in term of “RS-2 transmission”.
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