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Introduction
Study item on remote interference management for NR was approved in RAN#80 meeting [1]. The study was concluded in RAN#82 meeting and the objective of the CLI-RIM work item has been updated to incorporate the specification work of RIM [2].
The objectives for remote interference management 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].

In RAN1 NR Adhoc#1901 meeting, design details of RIM RS were discussed with the following agreements [3].

Agreement
· Specification defines unique RIM-RS indices for indication of RIM-RS resources (in time-domain, frequency-domain, and sequence)
· Specification provides configurable mapping rule between the RIM-RS indices and Set ID;
· FFS: Details on how to handle repetition
· Note that the configurable mapping rule should be available and common to all gNBs

Agreement
A gNB can be configured with multiple set IDs
· For each set ID, multiple RIM-RS configurations can be configured
· From RX gNB perspective, there is no additional handling required compared to multiple gNBs with each gNB configured with a single set ID

Agreement
From the same transmitting gNB perspective, RS-1 and RS-2 differentiation is done in time domain only

Agreement
For different gNB in a network, RS-1 and RS-2 differentiation is done in time domain only.

Agreement
For indication of either “enough migitation” or “not enough mitigation”, two basic RIM-RS resources are used
· The two resources use the same time/frequency resource but different sequences

Agreement
For repetition/near-far-functionality, multiple basic RIM-RS resources for a gNB transmission can be configured only in consecutive TDD DL/UL switching period, with one basic RIM-RS resource per TDD DL/UL switching period
· The maximum number of consecutive TDD DL/UL switching periods for repetition/near-far-functionality is 8 (the number can be either 2, 4, or 8) with near-far functionality and with repetition
· The first half of consecutive TDD DL/UL switching periods is for repetition
· The second half of consecutive TDD DL/UL switching periods is for repetition 
· Between the first and the second half of consecutive TDD DL/UL switching periods is for near-far-functionality
· The maximum number of consecutive TDD DL/UL switching periods for repetition is 4 (the number can be either 1, 2, or 4) without near-far functionality and with repetition only
· The maximum number of consecutive TDD DL/UL switching periods is 2 with near-far functionality only

Agreement
The initialization seed for RIM-RS is configured by OAM and the subsequent seed will be changing over time

Agreement
· The number of RIM RS sequence (CDM) in each DL/UL switching points is configurable and common for all the DL/UL switching points transmitting RIM RS-1
· The number of RIM RS sequence (CDM) in each DL/UL switching points is configurable and common for all the DL/UL switching points transmitting RIM RS-2
· The maximum number of total RIM RS sequence within 10ms is 32 regardless how many DL/UL switching points are configured in the 10ms. 

 In this contribution we provide our views on remaining details of RIM-RS design. 
Discussion on RIM-RS
RIM-RS sequence
The pseudo-random sequence (length-31 Gold sequence) specified in NR was agreed as the RIM RS sequence. It was also agreed that the initialization seed for RIM-RS is configured by OAM and the subsequent seed will be changing over time [3]. Typically, the initialization value of Gold sequence for NR reference signal, e.g, CSI-RS and DM-RS, is time varying. There is a term related to the index of OFDM symbol carrying the reference signal in the equation. An example is the initialization value for CSI-RS

where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  equals to a higher-layer configured parameter. However, for RIM-RS the time varying term at OFDM symbol level may lead to ambiguity issue and increased detection complexity at the receiver side. As a result, time varying term can be introduced at TDD DL/UL switching period level within a RIM-RS transmission period:

where  is selected based on the RIM-RS resource ID from a candidate set ,  is the index of TDD DL/UL switching period within a RIM-RS transmission period. The candidate set is configured per network by OAM. If both RS-1 and RS-2 are transmitted (i.e., framework 1 is deployed), two candidate sets can be configured individually:  and, where  and  are the number of sequences of RS-1 and RS-2, respectively.

Proposal 1:
· The initialization value of Gold sequence for RS-x (x = 1, 2) in the th TDD DL/UL switching period within a RIM-RS transmission period is determined as

where  is selected based on RIM-RS resource ID from a candidate set .
· The candidate set  is configured by OAM per network
RIM-RS mapping in time domain
A RIM-RS transmission period is defined and semi-statically configured per network. A RIM-RS transmission period is a multiple of TDD DL/UL switching periods (or a multiple of the combined periodicity, if two TDD DL/UL switching periods are configured). Within the RIM-RS transmission period, multiple RIM-RS resources are defined. One RIM-RS resource can be configured to occupy one or multiple consecutive TDD DL/UL switching period for near-far/repetition functionality. For simplicity, the repeated RIM-RS are considered to be one RIM-RS resource. In each TDD DL/UL switching period, there is one basic RIM-RS resource. One RIM-RS resource can be used to convey set ID information and functionality information such as “Enough mitigation” or “Not enough mitigation”. Figure 1 illustrates the relationship of RIM-RS transmission period, RIM-RS resource and basic RIM-RS resource. In the example, one RIM-RS resource consists of two basic RIM-RS resources (two consecutive TDD DL/UL switching periods) for repetition.


Figure 1: RIM RS transmission in time domain
There are two different types of RIM-RS needed in framework 1. RS-1 is used to signal the aggressor that there is ducted interference. A gNB detects RS-1 starts to perform interference mitigation and send RS-2. RS-2 is used to acknowledge the reception of RS-1 and signal the victim that there is still ducted interference. As differentiation of RS-1 and RS-2 is agreed to be done in time domain only, the RIM-RS resources within a RIM-RS transmission period would be divided into two parts if RS-2 is to be transmitted. One straightforward way is to configure dual RIM-RS transmission period, one for RS-1 (denoted as) and one for RS-2 (denoted as), as illustrated in Figure 2. The RIM-RS transmission period is then calculated as. The function and requirements of RS-1 and RS-2 are different. Consequently, the definition of RIM-RS resource could be different. For example, repetition is configured to improve detection performance of RS-1, and one RIM-RS resource of RS-1 consists of  basic RIM-RS resources, while one RIM-RS resource of RS-2 consists of  basic RIM-RS resource. In addition, the information (set ID and functionality) needs to be carried by RS-1 and RS-2 may be different, thus the number RIM-RS resources required for RS-1 and RS-2 may be different. One possible case is that,  is configured to be much larger than when it is not necessary distinguish aggressor by RS-2.


Figure 2: Dual RIM RS transmission period

As a summary, for transmission and reception of RIM-RS, a gNB is configured with:
· RIM-RS transmission periodicity of RS-1:
· Number of consecutive TDD DL/UL switching periods for one RIM-RS resource (for repetition/near-far): 
If RS-2 is to be transmitted in the network, a gNB would be additionally configured with:
· RIM-RS transmission periodicity of RS-2:
· Number of consecutive TDD DL/UL switching periods for one RIM-RS resource (for repetition/near-far): 
The number of RIM-RS resources in time domain for RS-1 and RS-2 can be calculated as  and , respectively.

Proposal 2:
· For transmission and reception of RIM-RS, a gNB is configured with:
· RIM-RS transmission periodicity of RS-1:
· Number of consecutive TDD DL/UL switching periods for one RIM-RS resource (for repetition/near-far): 
· If RS-2 is to be transmitted in the network, a gNB would be additionally configured with:
· RIM-RS transmission periodicity of RS-2:
· Number of consecutive TDD DL/UL switching periods for one RIM-RS resource (for repetition/near-far): 
Configuration of RIM-RS
Based on above discussion, a unified framework can be considered to configure RIM-RS for gNBs in the network. The time, frequency resource of a RIM-RS resource and the used sequence is determined from a RIM-RS resource ID, or vice versa. That is, , where , and  are the index of time, frequency resource and sequence of RS-x (x = 1, 2).  is a mapping function between RIM-RS resource ID () and those indices. If RS-2 is to be transmitted, the resource index is determined in the same way as RS-1. Two RIM-RS resource IDs and the corresponding resources are determined for RS-1 and RS-2, respectively. 
The numbering of RIM-RS resources in time domain within a RIM-RS transmission period shall be defined in specification. If both RS-1 and RS-2 are to be transmitted, the RIM-RS resources are numbered within RIM-RS transmission period for RS-1 and RS-2, respectively. That is, time domain index of RIM-RS resource for RS-1 is numbered as: ; and time domain index of RIM-RS resource for RS-2 is numbered as: .
If more than one frequency resources are configured in network, the RIM-RS resource can be numbered increasingly with frequency. 
As an example of the mapping function, the sequence initialization ID can be determined by the 3 LSBs of RIM-RS resource ID. The frequency resource can be determined by the 4th LSB of RIM-RS resource ID if two frequency resources are configured in the network. The time domain resource within a RIM-RS transmission period is determined by the remaining bits of RIM-RS resource ID, as illustrated in Figure 3. 


Figure 3: Mapping of RIM-RS resource ID
The RIM-RS resource ID is generated by set ID configured by OAM. If functionality of differentiating “enough mitigation”/ “not enough mitigation” is turned on, additional bit can be put together with set ID to generate two different RIM-RS resource IDs. The additionally bit can be called as functionality bit. As it was agreed to use sequence to differentiate the functionality, the additional bit can be added as the LSB of the RIM-RS resource ID (assuming that LSB of RIM-RS resource ID is used to selected sequence). Based on the information the gNB want to deliver (“enough mitigation” or “not enough mitigation”), the gNB can select one RIM-RS resource (ID) to send. An example is given in Figure 4, where 1 functionality bit is added as LSB.

Figure 4: Generation of RIM-RS resource ID
In order to differentiate RS-1 and RS-2, two RIM-RS resources can be configured. The two RIM-RS resources (ID) are generated from two set IDs configured by OAM. The first RIM-RS resource ID determines one RIM-RS resource in the RIM-RS transmission period for RS-1, and the second RIM-RS resource ID determines one RIM-RS resource in the RIM-RS transmission period for RS-2.

Proposal 3:
· The time, frequency resource of a RIM-RS resource and the used sequence is calculated from a RIM-RS resource ID.
· The RIM-RS resource ID is generated from functionality information and set ID that the RIM-RS carries.
· Two set IDs can be configured separately for RS-1 and RS-2 for framework 1, and two RIM-RS resource IDs can be generated separately from the configured set IDs.
Conclusion
In this contribution we provide our views on the remaining details of RIM-RS design. The proposals are summarized below:
Proposal 1:
· The initialization value of Gold sequence for RS-x (x = 1, 2) in the th TDD DL/UL switching period within a RIM-RS transmission period is determined as

where  is selected based on RIM-RS resource ID from a candidate set .
· The candidate set  is configured by OAM per network.

Proposal 2:
· For transmission and reception of RIM-RS, a gNB is configured with:
· RIM-RS transmission periodicity of RS-1:
· Number of consecutive TDD DL/UL switching periods for one RIM-RS resource (for repetition/near-far): 
· If RS-2 is to be transmitted in the network, a gNB would be additionally configured with:
· RIM-RS transmission periodicity of RS-2:
· Number of consecutive TDD DL/UL switching periods for one RIM-RS resource (for repetition/near-far): 

Proposal 3:
· The time, frequency resource of a RIM-RS resource and the used sequence is calculated from a RIM-RS resource ID.
· The RIM-RS resource ID is generated from functionality information and set ID that the RIM-RS carries.
· Two set IDs can be configured separately for RS-1 and RS-2 for framework 1, and two RIM-RS resource IDs can be generated separately from the configured set IDs.
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