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 Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK2]The revised WID on NR CLI (Cross Link Interference) and RIM (Remote Interference Management) [1] was approved in RAN#82 plenary meeting. In RIM part, RAN1 aims to specify RIM RS resource and configurations, and identify necessary OAM functions for RIM. The detailed objectives for RIM in WID are as follows:
· 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 SA2
a)  If needed, coordinate with SA2 to support core-network based inter-gNB coordination solutions[SA2]
In RAN1-94/94bis/95 meetings, some conclusions/agreements on RIM frameworks, RS design, and remote interference mitigation solutions were reached, as well as potential OAM functions in RIM procedure, all of which are captured in TR 38.866 [2]. In this contribution, we further discuss necessary OAM functions and configurations for supporting RIM.
 OAM functions
Base on RIM frameworks defined in TR 38.866-g00 and the discussions at previous meetings in RIM SI phase, we summarize and list several OAM functions that might be required for RIM operation, some may or may not have specification impact: 
a. Configuring set IDs and/or associated RIM RS resources
[bookmark: _GoBack]The grouping of gNBs into sets, the set ID, the RIM-RS configuration and the associated RIM RS radio resources for sending and/or receiving the RIM RS are performed by the OAM system, and these resources may be assigned in static manner.
b. Configuring the gNB(s) to start monitoring RIM RS
E.g. in Framework-0 or in Framework-1/2.1/2.2 with asymmetric IoT increase (i.e. scenario #2), the aggressor starts monitoring RIM RS (RS-1) as configured by the OAM.
c. Receiving the detected RIM RS, the measured RI, or the number of interfered resources from the gNB(s)
E.g. in Framework-0, Once RIM RS is detected, the aggressor reports the detected RIM RS (as well as the detected gNB set ID carried by the RS, if it has this ability) to the OAM and waits for the configured RIM mitigation scheme from the OAM. For Framework-1, 2.1 and 2.2, when atmospheric duct interference is detected by the victim, the victim reports the remote interference to OAM, then OAM indicates the potential aggressor gNBs to start the RIM RS monitoring. 
d. Configuring RIM mitigation scheme to the gNB(s)
E.g. in Framework-0 or other frameworks, the OAM can pre-configure the non-overlapped frequency-domain resources used for DL and UL to gNBs for the situation when remote interference is present, if frequency-domain based solutions are adopted. Noted that almost all interference schemes (including time/frequency/spatial/power-domain based) provided in TR 38.866-16.0.0 have no spec impact. Accordingly, this OAM function can be achieved by implementation.
e. Configuring the gNB(s) to stop RS monitoring and restore original configuration
E.g. in Framework-0, OAM stops RIM RS monitoring and restores original configuration at aggressor side and stop RS transmission at victim side.
From RAN1 perspective, only OAM function.a (except gNB sets grouping in it) among above five functions has specification impacts on RAN1. RAN1 should decide exactly which OAM messages or signalings need to be introduced  for OAM function.a. 
Proposal 1: RAN1 should identify exactly which OAM signalings need to be introduced to support configuring set IDs and/or associated RIM RS resources as one of OAM functions.
 OAM configurations
RIM RS-1 (exists in all frameworks, but in Framework - 0/2.1/2.2 named as RS) is transmitted by the victim to the aggressor for the following functions: 
1) Being able to provide information whether the atmospheric ducting phenomenon exists
2) Being able to assist the interfering gNB to identify how many UL OFDM symbols at the interfered gNB it impacted.
3) Being able to carry enough information to enable the information exchange through backhaul (e.g. gNB set ID).
4) Carrying further information, such as one or more of the following information “Enough mitigation” & “Not enough mitigation”.
RIM RS-2 (in Framework - 1) is transmitted by the aggressor to the victim for the following functions: 
1) Being able to provide information whether the atmospheric ducting phenomenon exists
In addition to configuring basic resources for RIM RS transmission, the configurations of OAM also need to support the following requirements based on above functions of RIM RS1/2 and agreements reached in RIM SI meetings.
 Requirements for OAM configurations
· Requirement 1: Distinguishable RIM reference signals (RS-1 and RS-2) 
In Framework-0 and Framework-2.1, RIM RS-2 is not necessary since there is a backhaul link between the victim and aggressor gNB to exchange information. However, if RS-2 is configured in Framework-1, RS-1 and RS-2 should be distinguishable and separately configured, due to RS-1 and RS-2 have different functions. They are also transmitted by the gNBs with different roles. Thus the configuration(s) performed by OAM to the gNBs should be supported to distinguish RIM RS-1 and RS-2.
In Framework-2.1, RIM RS-1 should be able to carry the gNB or the gNB set identification to enable the information exchange through backhaul. In Framework-0/1, although RS-1 does not need to provide ID information for the backhaul communication, it can promote remote interference mitigation if it also carries ID information. Thus we suggest  RIM RS-1 irrespective of framework chosen should convey ID information, while RIM RS-2 may or may not carry ID information. Besides, considering that a large number of gNBs are impacted in RIM scenario, enough distinguishable candidate RIM RS resources are needed to carry enormous set ID information. 
· Requirement 2: Multiple RIM RS resources (or configurations) for RS detection of the gNBs with different distances
In general, the gNB is not expected to receive RS before the DL transmission boundary (defined in 3GPP TR 38.866-16.0.0), and not expected to transmit RS after the UL reception boundary (defined in 3GPP TR 38.866-16.0.0). In other words, the gNB is not expected to receive RS at least in DL slots or symbols, and not expected to transmit RS at least in UL slots or symbols. 
[bookmark: OLE_LINK3]Due to the larger subcarrier spacing permitted in NR, e.g. 30kHz, if the first gNB transmits RIM RS (RS-1 or RS-2) on the symbol(s) immediately before the DL transmission boundary, the second gNB may not detect RIM RS on flexible symbols or UL symbols, because RIM RS may drop in the DL slots or symbols in next DL-UL switching  period at the second gNB side. This case usually occurs when two gNBs are far away from each other. Conversely, when the two gNBs are relatively close, the second gNB will also not detect RIM RS on non-DL symbols if the first gNB transmit RIM RS on the symbols relatively far before the DL transmission boundary.
To avoid the above problems, a gNB can be configured with multiple RIM RS resources (or configurations) in a configured RIM RS periodicity or in a DL-UL switching period. That means in a configured RIM RS periodicity or in a DL-UL switching period, the gNB can transmission multiple RIM RSs on different resources/configurations, i.e. on different symbol(s). These RIM RS resources/configurations/symbols can be continuous or discontinuous in time domain. Or a gNB can be configured with longer length RIM RS to avoid the above problems. In normal case, a RIM RS consists of two symbols with two concatenated copies of the RS sequence, but can also be configured with more than two symbols with more than two  concatenated copies of the RS sequence.
[bookmark: OLE_LINK4]Therefore, OAM and/or the gNB should support configuration of multiple RIM RS resources (or configurations) for successful RS detection by the gNBs with different distances.
· Requirement 3: Repetition transmission of RIM RS (RS-1 or RS-2)
In order to improve the detection performance of RIM RS (both RS-1 and RS-2), the configurations of repetition transmission of RIM RS in time or frequency domain can be considered. As system bandwidths available for the gNBs located in different regions or belong to different operators are different, repetition transmission in frequency domain may not achieve the desired performance gains. Thus we think repetition in time-domain is preferred.
· Requirement 4: Convey the interference mitigation status information
The victim gNB needs to convey the interference mitigation status information to the aggressor gNB, such as one or more of the following information “Ducting phenomenon does not exist” & “Ducting phenomenon exists”, “Enough mitigation” & “Not enough mitigation”,  or  “Interference does not exist” or “Interference still exists”, etc. One or more configurations to convey above information should be supported.
Proposal 2: OAM configuration should support the following requirements for RIM operation:
· Requirement 1: Distinguishable RIM reference signals (RS-1 and RS-2)
· Requirement 2: Multiple RIM RS resources(or configurations) for RS detection of the gNBs with different distances
· Requirement 3: Repetition transmission of RIM RS
· Requirement 4: Convey the interference mitigation status information
 Distinguishable RIM RS resources
At first, we need to clarify several concepts: DL-UL switching period, RIM RS transmission periodicity, and basic time period.
One DL-UL switching period (e.g. configured by tdd-UL-DL-ConfigurationCommon and/or tdd-UL-DL-ConfigurationCommon2 defined in 3GPP TS 38.213-f30) usually includes three parts in turn: DL slot(s), flexible part(DL symbols, flexible symbols, UL symbols), UL slot(s). A DL-UL switching period is equivalent to the periodicity of the TDD DL/UL pattern.
The RIM RS transmission periodicity should be a multiple of the periodicity of the TDD DL/UL pattern (i.e. DL-UL switching period), or a multiple of the combined periodicity, if two TDD DL/UL patterns (e.g. configured by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationCommon2) are configured.
In order to satisfy above different requirements, OAM or the gNB configure different basic time periods (TDM) different sequences (CDM) , and/or different bandwidths (FDM) to transmit RIM RS.
TDM: OAM configures one or multiple of a DL-UL switching period or a combined periodicity if two TDD DL/UL patterns are configured, or a fixed time period (e.g. 5ms or 10ms) as a basic time period. Basic time period is a granularity in time domain to carry ID information, that is to say, all RIM RSs sent in a basic time period carry same ID information if these RSs use same sequence and same bandwidth. Three kinds of periods are shown in Figure 1.
[image: ]
Figure 1. illustration of different kinds of periods in RIM
In general, a basic time period is more than or equal to a DL-UL switching period or a combined periodicity. In other words, a basic time period can be a multiple of a DL-UL switching period or a combined periodicity. Furthermore, a RIM RS  transmission periodicity could be consisted of 2^n0 distinguishable  basic time periods, which means, TDM method can provide up to 2^n0 distinguishable RIM RS resources.
a RIM RS transmission periodicity = 2^n0 * a basic time period;
CDM: OAM configures 2^n1 candidates sequences for RIM RS transmission.
CDM method can provide up to 2^n1 distinguishable RIM RS resources.
FDM: OAM configures 2^n3 candidate bandwidths (e.g. each with 20MHz) for RIM RS transmission.
FDM method can provide up to 2^n2 distinguishable RIM RS resources.
Where n0, n1 and/or n2 can be configured by OAM, which means the size of distinguishable RIM RS resources can be configured. Furthermore, it should be noted that not all bits of n0+n1+n2 need to be used for carrying ID information. Table 1 gives an example for how to generate distinguishable RIM RS resources.
Table 1. The number of distinguishable RIM RS resources

	
	
	TDM 
	CDM
	FDM
	Total number
	a RIM RS transmission periodicity

	
	
	a basic time period (e.g. 10 ms)
	sequence
	System bandwidth 
(MHz),e.g. 80MHz
	
	

	FDM  is disabled
	Multiplexing resource size
	2^16 (2^n0)

	[bookmark: OLE_LINK7]8 (2^n1)
	1(2^0)

	2^19
=524288
	[bookmark: OLE_LINK5]2^16*10ms =
655.36 seconds

	
	the number of bits
	n0=16
	n1=3
	n2=0 
	n0+n1+n2=19
	

	FDM  is enabled
	Multiplexing resource size
	2^14 (2^n0)

	8 (2^n1)
	4(2^n2)

	2^19
=524288
	2^14*10ms =
163.84 seconds

	
	the number of bits
	n0=14
	n1=3
	n2=2 
	n0+n1+n2=19
	



 OAM configurations
In order to satisfy above different requirements and functionalities, OAM configures the gNB in terms of sequence type, time and frequency transmission resources or pattern. 
Basic resource configuration (named as Resource i):
1. [bookmark: OLE_LINK10]A basic time period (one or multiple of periodicity of TDD DL/UL patterns or the combined periodicity of two TDD DL/UL patterns).

2. n0 and/or m0. n0 indicates a RIM RS transmission periodicity.  m0 indicates RIM RS is transmitted in which basic time period in a RIM RS transmission periodicity. E.g. n0 = 14, which indicates a RIM RS transmission periodicity = 2^n0 * a basic time period. The  m0 (14bits)  = 00000000000101, which indicates RIM RS is transmitted in the 5th basic time period in a RIM RS transmission periodicity

3. n1 and/or m1. n1 indicates the number of RIM RS candidate sequences. m1 indicates RIM RS is transmitted based on which sequence. E.g. n1 = 3, which indicates the number of RIM RS candidate sequences = 2^n1 = 8. The m1 (3bits)  = 011, which indicates RIM RS is transmitted using the 3rd sequence among 8 candidate sequences.

Adding a new parameter x in the initialization of pseudo-random sequence generator  cinit.  The candidate sequences are generated based on x configured by OAM. For the transmitter, the chosen sequence is generated based on x, which is decided by values of  m0, set ID or OAM configuration.  Initialization phases also need to include the factor to reflect DL-UL switching period changes, but do not need to include the factor of symbol/slot number so as to ensure the number of sequences generated/detected in one DL-UL period for interference identification is less than 8.

4. n2 and/or m2. n2 indicates the number of RIM RS candidate frequency resources.  m2 indicates RIM RS is transmitted on which candidate frequency resource. E.g. n2 = 2, which indicates the number of RIM RS candidate frequency resources = 2^n2 = 4. The m2 (2bits)  = 10, which indicates RIM RS is transmitted using the  2nd resources among 4 frequency resources. If n2=0, RIM RS can be transmitted in whole system bandwidth of the gNB, or in the configured bandwidth by OAM.

5. gNB set ID, or the mapping rule between set ID and {bit(1, 2,...., n0, n0+1,..., n0+n1, n0+n1+1,..., n0+n1+n2)}, or above bit string carrying set ID information.  If RIM RS does not need to carry set ID information, this parameter can not be configured.

6. One or more DL-UL switching period carrying RIM-RS in a basic time period or in a RIM RS transmission periodicity. If a DL-UL switching period has a configured RIM RS resource, it can be called a time occasion for RIM RS.

7. The position of DL (1st) transmission boundary and UL  (2nd) transmission boundary within a DL-UL switching period.

8. RIM RS transmission time position in a DL-UL switching period, which can be obtained by configuring a symbol offset to 1st /2nd transmission boundary  or other ways (e.g. bitmap).

9. A reference point in frequency domain. In order to solve the problem of misalignment in bandwidths when the gNBs located in different regions or belong to different operators, a common reference point needs to be configured.

To support different requirements in section 3.1:
For Requirement 1 ,i.e., distinguishable RIM reference signals, OAM should configure two resource configurations for RIM RS-1 and RS-2 respectively (e.g. Resource a1 for RS-1 and Resource a2 for RS-2). Resource a1 and Resource a2 can be configured with different time occasions or RS sequences to distinguish RS-1 and RS-2.
For Requirement 2 ,i.e., RS detection of the gNBs with different distances, OAM can configure multiple resource configurations (e.g. Resource b1 and Resource b2) using multiples sets (e.g. two sets) of time occasions or DL-UL switching periods. In first set of time occasions or DL-UL switching periods (e.g. one or more odd occasions/periods), RIM-RS is configured with a first time position. In second set of time occasions or DL-UL switching periods (e.g. one or more even occasions/periods), RIM-RS is configured with a second time position. The time positions in different sets should be different in order to ensure that RIM RS can be detected by both near and far interfering/interfered gNBs. The near/far interfering gNBs can also identify how many UL OFDM symbols  at the interfered gNB it impacted based on time position and set type for RIM RS transmission.
[bookmark: OLE_LINK9]For Requirement 3 ,i.e.,  repetition transmission, OAM can configure multiple DL-UL switching periods with one resource e.g. Resource c for RIM RS repetition transmission. OAM can also configure multiple resources (e.g. Resource c1, c2, ..., cn), each resource has one or more time occasions. Or, OAM configure repetition parameter, e.g. offset, repetition times, repetition spacing, repetition period, repetition duration/pattern, etc. 
For Requirement 4 ,i.e., conveying the interference mitigation status information, “Enough mitigation” and “Not enough mitigation”can be carried via two separate resource configurations (e.g. Resource d1 and Resource d2) using two sets of time occasions or DL-UL switching periods. If “Enough mitigation” needs to be informed, the RIM RS is transmitted in the first set of time occasions or DL-UL switching periods, e.g. one or more odd occasions/periods. If “Not enough mitigation” needs to be informed, the RIM RS is transmitted in the second set of time occasions or DL-UL switching periods, e.g. one or more even occasions/periods.
Note that above configuration methods for four requirements can be combined. In other word, one or more resources (N resources, N>=1) can be configured to satisfy several requirements at the same time. OAM can also configure one or more resources to meet only one or more requirements, that ensures the flexibility of implementation.
[bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0993] Conclusion 
In this contribution, we discuss OAM functions and OAM configurations for RIM operation, and have the following proposals: 
Proposal 1: RAN1 should identify exactly which OAM signalings need to be introduced to support configuring set IDs and/or (associated) RIM RS resources as one of OAM functions.
Proposal 2: OAM configuration should support the following requirements for RIM operation:
· Requirement 1: Distinguishable RIM reference signals (RS-1 and RS-2)
· Requirement 2: Multiple RIM RS resources(or configurations) for RS detection of the gNBs with different distances
· Requirement 3: Repetition transmission of RIM RS
· Requirement 4: Convey the interference mitigation status information
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(a periodicity of the TDD DL/UL pattern)




