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Introduction
In Rel-15, a study item on Remote Interference Management (RIM) was conducted and the conclusions was captured in [1]. At RAN#82, a follow up work item [2] on RIM (including also CLI) was approved, which contained to following objectives:
The detailed 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
0. 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]
1. Specify the inter-set RIM backhaul signalling via the core network to convey the messages of “RIM-RS detected” and “RIM-RS disappeared [RAN3]
1. Identify corresponding OAM functions to support RIM operation [RAN1, RAN3].

Significant progress on the design of the basic RIM RS resource and configurations was made in the SI phase, which is reflected by the SI conclusion of the TR [1]:


The following features and solutions are recommended to be specified as part of a Rel.16 RIM WI from a RAN1 perspective:
-	Unified design on RIM RS-1/2 and RIM RS in terms of sequence type, time and frequency transmission pattern, applicable for all frameworks
-	RS-1 and RS-2 are differentiable
-	Each RIM-RS can convey information on gNB (or gNB set) identification, 
-	RIM RS can assist the aggressor to identify how many UL OFDM symbols at victim it impacted and/or provide information whether the atmospheric ducting phenomenon exists
-	It is beneficial for RIM RS-1 or RIM RS-2 to be used by victim gNB to convey  information that  "Enough mitigation, no further actions needed" &  "Not enough mitigation, further actions needed"
-	Basic RIM-RS resource is recommended be designed based on the following
-	Pseudo-random sequence (length-31 Gold sequence) as in NR Rel-15
-	2OS RS with comb-1, and time-domain circular RS with 2 OS 
-	Support candidate SCS set {15kHz, 30kHz, [60kHz]}
-	Support max number of sequences in one DL-UL periodicity for interference identification is 8

However, some issues regarding the RS design and RS configuration were left for further study in the WI phase, namely:
1. The maximum number of configurations for RIM RS-1 and RIM RS-2 respectively
2. The maximum bandwidth for RIM-RS when the carrier bandwidth is larger than 20 MHz
3. If FDM of RIM-RS used to convey set ID information is supported for carrier BW larger than or equal to 40 MHz
4. If 60 kHz SCS is supported for the RIM-RS
In this contribution, we discuss the remaining open issues to finalize the normative specification work of the RIM RS resource definition and configurations, including mapping of set ID information.
Basic RIM RS resource definition and open issues
A basic RIM-RS resource can be, at least from a 38.211 perspective, parametrized based on:
· Time position: 
· Starting OFDM symbol  within the slot, where the resource occupies symbols 
· Slot position within the frame and SFN
· Frequency position: The starting RB  and the bandwidth expressed in the number of RBs , implying that subcarriers  are occupied by the resource
· Sequence: As given by the sequence initialization seed 
Maximum bandwidth of the RIM-RS
It was agreed in the SI phase that the minimum bandwidth of the RIM-RS resource is 20MHz if the carrier bandwidth is larger than 20MHz, otherwise the bandwidth of RIM-RS resource is equal to the carrier bandwidth. However, the maximum RIM-RS bandwidth when the carrier bandwidth is larger than 20MHz is still to be decided.
We can consider two reasonable alternatives for the maximum RIM-RS bandwidth when the carrier bandwidth is larger than 20MHz:
· Alt 1: The maximum BW is 20MHz
· Alt 2: The maximum BW is equal to the carrier BW
As shown by several companies in the evaluations of the SI phase, the performance of the RIM-RS depends solely on the received power (and not on the bandwidth) if only one sequence is transmitted. That is, given a fixed power allocation for the RS, instead of transmitting on a larger bandwidth with less power per RE allocated, the RIM-RS can be transmitted on a smaller BW with more power per RE allocated, and the performance is similar. However, if multiple sequences are transmitted, it is beneficial to use as large bandwidth as possible in order to maximize the processing gain, which is crucial to supress the interfering sequence(s). As it has been agreed that up to 8 sequences can be simultaneously transmitted, this observation speaks in favour of Alt 2. 
However, the additional potential performance gain in the multi-sequence scenario should be leveraged against the computational complexity of the detector. That is, the bandwidth of the signal is the main factor that drives complexity as each sequence detection attempt requires a complex multiplication of the conjugate of the sequence followed by an FFT, which is a quite costly operation for wideband signals and may require a separate hardware accelerator implementation. Furthermore, with Alt 1, only a single FFT size needs to be implemented for the MHz case whereas for Alt 2, as the BW of the RIM-RS is configurable, multiple FFT sizes need to be considered, which increases implementation cost. According to the evaluations in the SI phase, 20MHz BW was shown to result in good detection performance, even for the multiple sequence case (i.e. Case 2-2B). Although, the performance for multi-sequence detection can potentially be improved by increasing the BW (and thereby increasing the processing gain), it is actually better to utilize the larger bandwidth for FDM of sequences instead of CDM. Consider the two cases below:
· Case 1: Bandwidth = N subcarriers, 2 sequences are CDMed
· Case 2: 2 FDMed sequences with bandwidth = N/2 subcarriers, no CDM
In both cases, two sequences are transmitted using the same BW. Thus, the same number of bits are conveyed (1 bit) and the same amount of resources are consumed for RS overhead. Let us first analyse the complexity. To perform detection of a sequence, the complexity is mainly driven by the FFT. So for case 1, two size-N FFTs needs to be performed and the complexity is thus , while for case 2, two size-N/2 FFTS needs to be performed, resulting in a lower complexity  The detection performance is also expected to increase for Case 2, since no inter-sequence interference is present.
Instead of increasing the RIM-RS BW for improved multi-sequence detection performance, it is better to FDM several sequences with smaller BW
Therefore, we propose to adopt Alt 1 to minimize implementation complexity.
[bookmark: _Toc534997588]The maximum RIM-RS BW is 20 MHz
Support of 60 kHz SCS
Based on our understanding, RIM operation is mainly targeting FR1 macro deployments where it is likely that only 15 kHz SCS and 30 kHz SCS will be used. In order to limit the possible configurations, we propose to not support 60 kHz SCS for RIM-RS.
[bookmark: _Toc534997589]The candidate SCS set for RIM-RS is {15kHz, 30kHz}
Sequence space of initialization seed
It has been agreed in the SI phase that length-31 Gold sequence is to be used as the RIM-RS sequence and that different RIM-RS can use different such Gold sequences but that a gNB is expected to search for at most 8 different sequences simultaneously. However, it has not been decided which candidate sequence set is to be used. In our view, to maximize implementation flexibility, the entire 31-bit sequence initialization seed for RIM-RS transmission (as well as for RIM-RS detection) can be configured by OAM and it is up to proper network implementation to assure that sequences with good cross-correlation properties are selected.
[bookmark: _Toc534997590]For RIM-RS transmission and detection, the entire 31-bit sequence initialization seed  is configured by OAM
RIM RS resource configuration
Various agreements were made in the SI phase regarding how to configure the transmission of RIM-RS and how set ID information can be extracted from a detected RIM-RS transmission. We briefly summarize our understanding of the agreements below:
· The RIM-RS transmission periodicity  slots is an integer multiple  of the periodicity of the TDD DL/UL pattern  slots, or a multiple of the combined periodicity  slots, if two TDD DL/UL patterns are configured.
· Each TDD UL/DL switch can be a potential RIM RS transmission occasion of a basic RIM-RS resource
· A receiving gNB can be configured to detect up to 8 sequences simultaneously (in one DL/UL period) across both RS-1 and RS-2. These up to 8 sequences are the same across all time occasions.
· A receiving gNB can be configured to detect RSs in up to Y frequency resources, where Y=1 for <40MHz BW and for 40MHz BW the value of Y is FFS.
· RS-1 and RS-2 for a gNB are separately configured in time and sequence but use the same frequency resource.
· A gNB (set) can be configured with multiple RIM RS-1 and RIM RS-2 configurations (respectively)
· Each configuration indicates the position of a basic RIM RS resource and the multiple configurations of an RS differ only in time position.
· According to RAN3 agreement, a gNB can be configured with multiple set IDs with corresponding RS transmission(s). 
· The configuration for each set ID, in our understanding, can include the aforementioned multiple RS configurations


A certain gNB set transmits all occasions of RS-1 and RS-2 in the same frequency resource
A gNB can be configured with multiple set IDs, and for each set ID be configured with multiple RIM RS1/2 configurations

Configuration of RIM RS transmission
The major open issue left over from the SI phase is which limitations to apply to the multiple RIM-RS configurations that are associated to the same set ID, i.e. how many, what to use them for and how they can be efficiently configured. According to our understanding, there are only two relevant use cases that need to be enabled by the multiple configurations, namely:
· Use case #1: Different RS symbol placement relative the “1st reference point” in different DL-UL switching periods in order to account for different propagation delay ranges
· Use case #2: Inter-“DL-UL switching period” repetition to improve the coverage
Use case #1 is illustrated in Figure 1 below, where in the first DL-UL switching period, the RIM RS resource is placed right before the 1st reference point, enabling it to propagate up to 210km without falling into the DL part of a receiver gNB, while in the second DL-UL switching period, the RIM RS resource is placed in the slot prior to the DL-UL switching point enabling it to fall in to the UL symbols of receiving gNBs with a propagation distance 210-390 km away from the transmitter.
For use case #2, which is illustrated in Figure 2, the basic RS resource is placed in the same position relative to the “1st reference point” and the gNB can perform either combination of the received RIM-RS across the two DL-UL switching periods, or, perform multi-shot detection, in order to improve detection performance.

[image: ]
[bookmark: _Ref534743103]Figure 1: Use case #1, different placement of the configurations relative the 1st reference point  
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[bookmark: _Ref534743104]Figure 2: Use case #2, inter-“DL-UL switching period” repetition for coverage enhancement 
Given these two use cases, we propose to limit the RIM-RS transmission configuration possibilities so that only one basic RIM-RS resource can be transmitted in each DL-UL switching period. That is, intra-“DL-UL switching period” repetition is not supported.
[bookmark: _Toc534997591]When multiple configurations of a RIM-RS are configured to a gNB (set), the time position of each configuration is in separate DL-UL switching periods
In order to have a reasonable RIM-RS monitoring complexity and a convenient way to determine set ID information, we think the time positions of the multiple configurations of the RIM-RS corresponding to the same gNB set ID can be constrained to occur in subsequent DL-UL switching period, rather than allowing arbitrary time positions. The principle is illustrated in Figure 3, where each gNB set ID is allocated 4 RIM-RS configurations, corresponding to 4 RIM-RS resources located in adjacent DL-UL switching periods. Thus, for a single gNB set, the associated multiple RIM-RS configurations can be done by indicating a starting offset of the first of these RIM RS resources in time relative the RIM-RS periodicity as well as the number of “configurations”.  For an efficient set ID mapping, all gNB set IDs in the network should be allocated the same number of “configurations”.  
[bookmark: _Toc534997592]The time positions of themultiple RIM-RS configurations for a gNB set ID are in subsequent DL-UL switching periods
[bookmark: _Toc534997593]For each configuration of the basic RIM-RS resource, the OFDM symbol position  within the slot and the relative slot index  (w.r.t. the slot where the DL-UL switch occurs) within the DL-UL switching period is configured

[image: ]
[bookmark: _Ref534873111]Figure 3: Allocation of multiple RIM-RS configurations in adjacent DL-UL switching periods to different gNB set IDs. For instance, gNB set 1 is allocated  subsequent DL-UL switching periods with a TDD period offset of 4 relative the RIM-RS periodicity
For example, let  denote the number of subsequent DL-UL switching periods allocated for RIM-RS and let  denote the TDD period offset of the time position of the first of the  RIM-RS resources (assuming two concatenated TDD patterns,  otherwise). This implies the first RIM-RS occasion should be transmitted in slot index relative the RIM-RS periodicity. That is, in slots satisfying

where  denotes the number of slots per radio frame according to the numerology,   denotes the radio frame index and  is the slot index within the frame is located.
In the above reasoning, we did not consider the case where the gNB is configured to transmit both RS-1 and RS-2. If RS-1 and RS-2 are differentiated with different sequences, the time allocations for both RS-1 and RS-2 can be the same. However, in the general case, the time allocation for RS-1 and RS-2 should be allowed to be separate. In order to allow such allocation but still maintain an efficient mapping between time position of the RSs and the gNB set ID, we propose that the R subsequent DL-UL switching periods allocated for RIM-RS can be allocated to both RIM RS-1 and RIM RS-2. That is  DL-UL switching periods can be allocated to RS-1  DL-UL switching periods can be allocated to RS-2, with the limitation that either only TDM or only CDM is used. I.e. either , or, . This is illustrated in Figure 4 below.
[bookmark: _Toc534997594]R subsequent DL-UL switching periods allocated for both RIM RS-1 and RS-2 transmission for a certain gNB set ID, where R1<=R periods are allocated for RS-1 and R2=R periods are allocated for RS-2.  Two modes are supported:
· [bookmark: _Toc534997595]TDM of RS-1 and RS-2: R1+R2 = R
· [bookmark: _Toc534997596]The first R1 periods are allocated for RS1 and the subsequent R2 periods are allocated for RS2
· [bookmark: _Toc534997597]CDM of RS-1 and RS-2: R1=R2=R
· [bookmark: _Toc534997598]The entire R periods are allocated for both RS1 and RS2

[image: ]
[bookmark: _Ref534967086]Figure 4: Illustration of CDM or TDM of RS-1 and RS-2
The configuration of these time positions, along with the frequency starting position  and sequence initialization seed  is all that is needed to configure the possible transmission occasions of the RIM-RS. Thus, the configuration for RIM-RS transmission can logically look as follows:
· RIM-RS transmission configuration
· RIM-RS periodicity:  slots
· gNB set ID 1: 
· Frequency-position: 
· Starting RB 
· Time-positions
· Starting TDD period offset: 
· Total number of configurations: 
· RS-1:
· Sequence: 
· Number of configurations: 
· OFDM symbol index: 
· Slot offset index 
· RS-2:
· Sequence: 
· Number of configurations: 
· OFDM symbol index: 
· Slot offset index 
· gNB set ID 2: 
· Frequency-position: 
· Starting RB 
· Time-positions
· Starting TDD period offset: 
· Total number of configurations: 
· RS-1:
· Sequence: 
· Number of configurations: 
· OFDM symbol index: 
· Slot offset index 
· RS-2:
· Sequence: 
· Number of configurations: 
· OFDM symbol index: 
· Slot offset index 


Another issue is how many configurations  (i.e. repetitions or probing of different propagation delay) should maximally be supported. This is analyzed in our companion contribution [4], where we propose to limit the number of configurations to 4.

[bookmark: _Toc534997599]The maximum number of configurations (i.e. repetitions or probing of different propagation delay) for a certain RIM-RS is 4
Another open issue is if FDM of RIM-RS is allowed (for the 40 MHz BW case). In our companion contribution [4], we analyze the required bit length of the set ID and show that it can be beneficial to allow up to 2 bits to be encoded in the frequency position of the RS, i.e. Y=4.
[bookmark: _Toc534997600]Allow up to 2 bits of the RIM set ID to be carried by FDM, i.e. Y=4

Configuration of RIM-RS reception
For RIM-RS detection, the gNB can be defined with a “search space” of possible RIM-RS time, frequency and sequence positions, analogous to the RIM-RS transmission configuration. As an example, it can be configured using the following logical structure:
· RIM-RS search space configuration
· RIM-RS periodicity:  slots
· Total number of configurations: 
· RS-1:
· Sequence search space: 
· Frequency-position search space: 
· Starting RB: 
· Time-position
· Number of configurations: 
· OFDM symbol index: 
· Slot offset index 
· RS-2:
· Sequence search space: 
· Frequency-position search space: 
· Starting RB: 
· Time-position
· Number of configurations: 
· OFDM symbol index: 
· Slot offset index 

[bookmark: _Toc534997601]For RIM-RS detection, a gNB is configured with one or more RIM-RS search space containing the following information:
· [bookmark: _Toc534997602]The RIM-RS periodicity 
· [bookmark: _Toc534997603]The type of RIM-RS (i.e. RS-1 or RS-2)
· [bookmark: _Toc534997604]A candidate set of sequence initialization seeds 
· [bookmark: _Toc534997605]A candidate set of frequency positions 
· [bookmark: _Toc534997606]The number R of total configurations for a gNB set and the number configurations for the RS and their relative time position (slot and OFDM symbol within the UL-DL switching period)
Based on which time occasion a RIM-RS is detected  expressed in period offset relative the RIM-RS periodicity, part of the set ID index can be determined as . Similarly, the local index of detected sequence  and the local index of the frequency resource wherein the RS was detected  respectively determine the other parts of the set ID.
[bookmark: _Toc534997607]The set ID is determined from the detected RIM-RS based on the detected sequence and time and frequency position

Conclusion 
Based on the discussion in this contribution we make the following proposals:

Proposal 1	The maximum RIM-RS BW is 20 MHz
Proposal 2	The candidate SCS set for RIM-RS is {15kHz, 30kHz}
Proposal 3	For RIM-RS transmission and detection, the entire 31-bit sequence initialization seed  is configured by OAM
Proposal 4	When multiple configurations of a RIM-RS are configured to a gNB (set), the time position of each configuration is in separate DL-UL switching periods
Proposal 5	The time positions of themultiple RIM-RS configurations for a gNB set ID are in subsequent DL-UL switching periods
Proposal 6	For each configuration of the basic RIM-RS resource, the OFDM symbol position  within the slot and the relative slot index  (w.r.t. the slot where the DL-UL switch occurs) within the DL-UL switching period is configured
Proposal 7	R subsequent DL-UL switching periods allocated for both RIM RS-1 and RS-2 transmission for a certain gNB set ID, where R1<=R periods are allocated for RS-1 and R2=R periods are allocated for RS-2.  Two modes are supported:
	TDM of RS-1 and RS-2: R1+R2 = R
	The first R1 periods are allocated for RS1 and the subsequent R2 periods are allocated for RS2
	CDM of RS-1 and RS-2: R1=R2=R
	The entire R periods are allocated for both RS1 and RS2
Proposal 8	The maximum number of configurations (i.e. repetitions or probing of different propagation delay) for a certain RIM-RS is 4
Proposal 9	Allow up to 2 bits of the RIM set ID to be carried by FDM, i.e. Y=4
Proposal 10	For RIM-RS detection, a gNB is configured with one or more RIM-RS search space containing the following information:
	The RIM-RS periodicity 
	The type of RIM-RS (i.e. RS-1 or RS-2)
	A candidate set of sequence initialization seeds 
	A candidate set of frequency positions 
	The number R of total configurations for a gNB set and the number configurations for the RS and their relative time position (slot and OFDM symbol within the UL-DL switching period)
Proposal 11	The set ID is determined from the detected RIM-RS based on the detected sequence and time and frequency position
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