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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 this contribution we provide our views on RIM-RS design for RIM operation. 
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. The initialization seed of Gold sequence has not been decided yet. Typically, the initialization value of Gold sequence for NR reference signal, e.g, CSI-RS and DM-RS, is time varying. That is, 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 a higher-layer configured parameter. However, for RIM-RS the time varying term may lead to ambiguity issue and increased detection complexity at the receiver side. As a result, it was agreed that for all time occasions, the sequence candidates for detection should be the same. The initialization value for RIM-RS can be determined as

where  is selected based on the RIM-RS resource ID from a candidate set . The candidate set is configured per network by OAM. The maximum number of sequences that one gNB needs to detect in one DL/UL period was agreed as 8, i.e., . Then  can be selected based on 3bits of the RIM-RS resource ID, e.g., the 3 LSBs.

Proposal 1:
· The initialization value for RIM-RS sequence is determined as

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

RIM-RS mapping in frequency domain
NR supports a number of system bandwidth. As shown in Figure 1, NR system operating on the same frequency band can be configured with different system bandwidth and starting position in frequency domain.  In Figure 1, the transmitter (gNB1) is transmitting RIM-RS with certain bandwidth. For detection of RIM-RS, the receivers need to know where the RIM-RS is transmitted. Thus the starting point of the RIM-RS resource in frequency domain shall be configured to the receivers. 
The reference point of RIM-RS mapping to frequency resource could be the starting point of the RIM-RS resource. But this may cause problems in some scenarios. For illustration, an example is given in Figure 2. Both gNB2 and gNB3 are transmitting RIM-RS with partial overlapping RIM-RS resources in frequency domain. Even the initialization value are the same for the two gNBs, the sequences mapped to the overlapped part are different. At the receiver side, it is equivalent to test two different sequences. The detection complexity is therefore doubled. An alternative is to map the sequence from a reference point common to all gNBs in the network operating on the same frequency band, e.g., Point B in Figure 2. With this common reference point, the receiver only needs to perform one test for one candidate sequence even if the sequence may be mapped and transmitted with different bandwidth and frequency locations.
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Figure 1: System bandwidth configuration


Figure 2: RIM-RS mapping in frequency domain
Proposal 2:
· RIM-RS sequence is mapped to RIM-RS resource with a reference point common to all gNBs in the network operating on the same frequency band. The reference point is configured by OAM.
RIM-RS mapping in time domain
A RIM-RS transmission periodicity is defined and semi-statically configured per network. A RIM-RS transmission period is a multiple of the periodicity of TDD DL/UL pattern (or a multiple of the combined periodicity, if two TDD DL/UL patterns are configured). Within the RIM-RS transmission periodicity, multiple time-domain RIM RS transmission occasions are defined. One or multiple transmission occasions can be semi-statically configured to distinguish one RIM-RS resource or convey set ID information per network. One time domain transmission occasion can be defined over one or multiple TDD DL/UL patterns. One RIM-RS resource can be configured semi-statically to occupy one or multiple transmission occasions. Figure 3 illustrates the relationship of transmission period, transmission occasions and RIM-RS resource. In the example, one RIM-RS resource occupies two transmission occasions.


Figure 3: RIM RS transmission pattern in time domain

For one RIM-RS resource, a gNB can be configured with multiple RIM-RS configurations, where, each RIM-RS configuration is referring to the configuration of the resource (including time and frequency resource, sequence) for transmission of a basic RIM RS resource. A usage of configuring multiple RIM-RS configurations is to extend coverage of RIM-RS, as illustrated in Figure 4. RIM-RS configuration#1 is placed right before the DL transmission boundary. Assume 30kHz subcarrier spacing is used by gNB for uplink transmission of 1 slot, gNB beyond 150km would not be able to receive the RIM-RS as it would fall into the DL part of the receiving gNB. To solve the problem, RIM-RS configuration#2 is configured and transmitted. It is placed, e.g, 14 OFDM symbols before the DL transmission boundary. With this additional RIM-RS configuration, the coverage of RIM-RS could be extended to 300km.



Figure 4: RIM-RS configurations in one time domain transmission occasion
Functionality of RIM-RS1 in framework 1 and RIM-RS in framework 2-1 include assisting the aggressor to identify how many UL OFDM symbols at victim it impacted. The exact time domain position of RIM-RS shall be known to the receiver for the receiver to infer the number of impacted OFDM symbols. That is, the receiver shall be able to distinguish each RIM-RS configuration, if multiple configurations are configured.  As it has been agreed that multiple RIM-RS configurations shall have the same frequency resource and sequence, TDM is the only way to distinguish those configurations. By TDM, the RIM-RS configurations can be assigned to different TDD DL/UL period within one RIM-RS transmission occasion or to different RIM-RS transmission occasions. 

Proposal 3:
· If multiple RIM-RS configurations are configured for one RIM-RS resource, they are allocated to different TDD DL/UL period within one RIM-RS transmission occasion or to different RIM-RS transmission occasions. 

Bandwidth and frequency domain position

NR supports larger bandwidth than LTE, e.g., 100MHz in FR1. It was also agreed to have minimum bandwidth of 20MHz when the carrier bandwidth is larger than 20MHz. It is clear that the detection performance could be improved with larger RIM-RS bandwidth. The maximum bandwidth could be 100MHz, and 40MHz, 60MHz, and 80MHz shall be allowed. The bandwidth of RIM-RS is configured per network by OAM.

Proposal 4:
· The bandwidth of RIM-RS is configured per network and the maximum bandwidth is 100MHz.

Depending on the bandwidth of RIM-RS and the carrier bandwidth, there may be multiple possible occasions to transmit RIM-RS in the same OFDM symbol. Then the frequency position can be used to encode part of the gNB/set ID if necessary. In this way, the number of sequences and time domain positions required to differentiate gNB/set could be reduced. In order to avoid blind frequency search of the RS at the receiver side, the frequency positions shall be configured by OAM semi-statically.
Multiplexing multiple RIM-RS in frequency domain would require receiver to perform more detection at the same time. The receiver complexity will increase proportionally. Therefore, the number of possible RS positions in frequency domain shall be limited to control receiver complexity. With 2 frequency domain positions, the RIM-RS transmission period can be reduced by 50%, e.g., from 10 minutes to 5 minutes. That is already a good reduction. Therefore, we prefer to set the maximum number as 2, unless explicit requirement is identified.

Proposal 5:
· Frequency domain positions can be used to distinguish RIM-RS resource. The maximum number of frequency positions is 2.
One way of FDM multiplexing is to use different comb offset to differentiate RIM-RS resource. This is not preferred as the asynchronously arrived RS signal in the detection window will cause inter-carrier interference, especially to adjacent subcarriers. Different RIM-RS will interfere with each other leading to performance degradation. Another way is frequency localized multiplexing, i.e., different RIM-RS resources are separated in different frequency band. This is more robust against inter-carrier interference.

Proposal 6:
· Different RIM-RS resources occupy different frequency band if FDM multiplexing is supported.

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 calculated from a RIM-RS resource ID. For example, the sequence initialization ID is determined by the 3 LSBs of RIM-RS resource ID. The frequency resource is determined by the 4th LSB of RIM-RS resource ID. The time domain transmission occasions are determined by the remaining bits of RIM-RS resource ID, as illustrated in Figure 5. The numbering of time domain transmission occasions within a RIM-RS transmission period shall be defined in specification.


Figure 5: Mapping of RIM-RS resource ID
The RIM-RS resource ID is generated by set ID configured by OAM. If it is agreed to convey additional information via RIM-RS, e.g. either "Enough mitigation, no further actions needed" or "Not enough mitigation, further actions needed", additional bits can be put together with set ID to generate the RIM-RS resource ID. The additionally bits can be called as functionality bits. An example is given in Figure 6, where 2 functionality bits are added.

Figure 6: Generation of RIM-RS resource ID
There are two RIM-RS needed in framework 1. RIM-RS-1 is used to signal the aggressor that there is ducted interference. A gNB detects RIM-RS-1 starts to perform interference mitigation and send RIM-RS-2. RIM-RS-2 is used to acknowledge the reception of RIM-RS-1 and signal the victim that there is still remote interference. It is required that RIM-RS-1 and RIM-RS-2 are differentiable and are separately configured with respect to time occasion and RS sequence. 
In order to differentiate RIM-RS-1 and RIM-RS-2, two RIM-RS resources can be configured. The two RIM-RS resources (ID) can be differentiated by adding one additional functionality bit while generating the RIM-RS resource ID. With one more bit added, the RIM-RS transmission period has to be extended. If it is not necessary to distinguish which gNB is transmitting the RIM-RS-2, set ID can be used to differentiate RIM-RS-1 and RIM-RS-2. To be specific, the whole set ID space is partitioned into two groups. One group is used for RIM-RS-1 and the other RIM-RS-2. The group for RIM-RS-2 can be much smaller than that of RIM-RS-1, e.g., only one ID in the group. The two RIM-RS resources (ID) are generated from two different set IDs.

Proposal 7:
· 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 set ID that the RIM-RS carries and functionality bit(s).
· The set ID can be configured separately for RIM-RS-1 and RIM-RS-2 for framework 1.
As a summary, the following parameters shall be configured by OAM:
· Periodicity of RIM-RS transmission
· Number of RIM-RS resources
· Configuration of time-domain RIM RS transmission occasions, e.g., the time duration of a transmission occasion
· The number of transmission occasions that one RIM-RS resource occupies
· Number of frequency domain positions, and starting point for each position 
· Bandwidth of RIM-RS
· RIM-RS configurations for one RIM-RS resource
· The transmission occasion for each RIM-RS configuration
· Set ID (Potentially additional Set ID for RIM-RS-2)
· Candidate set of sequence initialization value 
· Reference point for sequence mapping in frequency domain
Conclusion
In this contribution we provide our views on the design of reference signal for identifying remote interference and/or victim and aggressors gNBs. The proposals are summarized below:
Proposal 1:
· The initialization value for RIM-RS sequence is determined as

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

Proposal 2:
· RIM-RS sequence is mapped to RIM-RS resource with a reference point common to all gNBs in the network operating on the same frequency band. The reference point is configured by OAM.
Proposal 3:
· If multiple RIM-RS configurations are configured for one RIM-RS resource, they are allocated to different TDD DL/UL period within one RIM-RS transmission occasion or to different RIM-RS transmission occasions. 
Proposal 4:
· The bandwidth of RIM-RS is configured per network and the maximum bandwidth is 100MHz.
Proposal 5:
· Frequency domain positions can be used to distinguish RIM-RS resource. The maximum number of frequency positions is 2.
Proposal 6:
· Different RIM-RS resources occupy different frequency band if FDM multiplexing is supported.
Proposal 7:
· 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 set ID that the RIM-RS carries and functionality bit(s).
· The set ID can be configured separately for RIM-RS-1 and RIM-RS-2 for framework 1.
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