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1.  Introduction
[bookmark: _Hlk510791267]RAN1 sent an LS to RAN3 (R3-185441), asking for feedback on the feasibility of three candidate RIM solution frameworks (FW-1, FW-2.1 and FW-2.2). 
This paper provides Ericsson’s view on the FWs and proposes a reply to the RAN1 LS. The accompanying draft reply LS is presented in R3-185683.
2.  Discussion
The FWs described in the LS from RAN1 refer to adaptive RIM solutions, whose most prominent feature is that some type of coordination between the aggressor and victim side is required. Meanwhile, there also exist (less advanced, coordination-free) static and semi-static solutions, as discussed in paper R3-185680. This paper discusses only the adaptive solutions.

2.1 On gNB sets
[bookmark: _Hlk525540773]The LS from RAN1, in the sections dedicated to backhaul-based frameworks, mentions the concept of gNB set. A gNB set comprises a group of gNBs experiencing remote interference (RI) similarly both as aggressor and victim. The current understanding is that all gNBs belonging to the same set are transmitting identical reference signals (RS) and are mapping the RS to the physical resources in the same manner.
Observation 1: There can exist RI scenarios where a group of gNBs experiences, or causes, similar RI characteristics, and are hence suitable for grouping.
Proposal 1: Allow grouping of gNBs into sets.  
With respect to the above, the terms ‘aggressor side’ and ‘victim side’ are used in this paper to denote an aggressor set and a victim set, involved in the same RI scenario.

2.2 Over-the-air vs backhaul-based solutions
The candidate frameworks from the RAN1 LS can be classified into two groups. The FW-1 is an example of an over-the-air (OTA) framework, while FW-2.1 and FW-2.2 (herein jointly denoted as FW-2.x) use backhaul communication to coordinate between the RI aggressor side and victim side. A comparison between FW-1 and FW-2.x indicates that there exists a trade-off between the standardization impact and performance, as discussed below. 

Standardization impact: 
· Air interface: Both FW-1 and FW-2.x incur a standardization impact on the air interface. Namely, the technical specifications may need to be modified to allow for transmission of the RIM reference signal in special TDD slots (i.e. between UL and DL switches). Furthermore, the design of the RS needs to be specified, where the current understanding is that it may be beneficial to support all RIM RSs by a common design. 
· Backhaul signalling: In addition to the air interface impact, the FWs 2.1 and 2.2 also require specification of the backhaul signalling for RIM coordination between the victim side and the aggressor side. 
Observation 2: Frameworks 2.1 and 2.2 induce a larger standardization impact than Framework-1. All three frameworks incur a standardization impact on the air interface, while the Frameworks 2.1 and 2.2 also require specification of backhaul signalling.
Performance: The performance of any given adaptive RIM solution largely depends on the possibility of coordination between the victim and the aggressor side. In that sense, it is reasonable to assume that the performance of FW-1 would, in some cases, be inferior to the performance of FW-2.x, since the coordination in FW-2.x takes place over the (wired) backhaul links. The FW-1 and FW-2.X have a common OTA component (RI detection and OTA RI notification from the victim to the aggressor side). However, due to the use of wired backhaul for communicating that the RS from the victim side is no longer being received, the FW-2.x may be more robust in reverting to normal operation once the RI disappears.   
Observation 3: The advantage of the RIM Framework 2.x with respect to the RIM Framework 1 is the possibility to exchange information with higher reliability, which may result in better performance.
On the other hand, not all RI scenarios require advanced RIM coordination. In moderate RI scenarios with a small number of affected gNBs, the OTA-based solution may mitigate the RI to an acceptable level. Meanwhile, in more complex scenarios with e.g. a large number of gNBs and insufficiently reliable OTA coordination possibilities, the backhaul-based coordination may be more suitable. Having in mind the pros and cons of both approaches, it seems reasonable to study both OTA and backhaul-based RIM solutions.
Proposal 2: RAN1/3 to study both over-the-air and backhaul-based RIM solutions.

2.3 Backhaul signalling for RIM
A typical RIM scenario may involve hundreds or thousands of gNBs. In that setting, assuming that the FW-2.x is used, a direct Xn communication between the aggressor(s) and hundreds or thousands of victims for the sake of RIM coordination would incur a significant backhaul signalling load. Furthermore, although it is feasible to establish an Xn instance between two gNBs located hundreds of kilometres apart, such an Xn instance would most likely only serve the purpose of RIM, having in mind that the Xn is primarily designed for coordinating within a cluster of adjacent gNBs (e.g. to support handovers and resource sharing). Therefore, instantiating Xn connections solely for aggressor-victim RIM communication would be highly inefficient.
Observation 4: The use of direct (i.e. Xn) communication between the gNBs involved in a RIM scenario would incur a substantial Xn signaling load.
Proposal 3: RAN3 to preclude RIM solutions that use peer-to-peer backhaul (i.e. Xn) communication between individual aggressor and victim gNBs, and study alternative backhaul solutions.
Hence, instead of studying RIM solutions with backhaul communication, it seems plausible to focus the RAN3 RIM backhaul work on solutions with 5GC involvement, where a newly-defined or an existing 5GC function would facilitate the RIM coordination. The straightforward approach would be that the AMF supports RIM on behalf of the 5GC. According to the above, a backhaul path between the aggressor and victim side would consist of the following stages (aggressor side->victim side direction):
· NG path between individual gNBs and the AMF;
· Intra-5GC path between AMF of the aggressor gNB set and AMF of the victim gNB set, where data is carried over existing 5GC inter-AMF communication mechanisms (outside of RAN3 scope);
An example of 5GC-assisted backhaul-based RIM architecture is shown in Figure 1, where two AMFs are facilitating RIM for two sets of gNBs, for example the aggressor set (AMF A) and the victim set (AMF B).
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Figure 1: An example of 5GC-assisted backhaul-based RIM architecture
The RIM-facilitating 5GC functional entity (e.g. AMF) could at least have the following responsibilities:
· Grouping of gNBs into sets;
· Collecting and aggregating RIM information received from individual gNBs in a set;
· Forwarding of aggregated RIM information to other RIM-facilitating 5GC functional entities (e.g. other AMFs) and distributing of RIM information received from other RIM-facilitating 5GC functional entities (e.g. other AMFs) to individual gNBs within a gNB set.
Proposal 4: RAN3 is respectfully asked to study:
· Backhaul-based RIM solutions with 5GC involvement;
· The provision of NG signalling support that would enable a newly-defined or an existing RIM-facilitating 5GC functional entity (e.g. AMF) to:
· collect information from individual gNBs, at least the information necessary for grouping of gNBs into gNB sets; 
· inform the individual gNBs in a set about their respective assigned gNB set IDs;
· aggregate the information collected from individual gNBs in a set and forward this aggregated information to other RIM-facilitating 5GC functional entities;
· distribute the RIM information received from other RIM-facilitating 5GC functional entities (e.g. other AMFs) to individual gNBs within a gNB set. 

2.4 gNB set ID assignment in OTA RIM Framework 1
The current common understanding is that all gNBs belonging to the same set transmit an identical RS (implying both the sequence and how it is mapped to the physical resources). A common feature of FW-1 and FW-2.x is the transmission of RS over the air, from both aggressor and victim side in FW-1, and only victim side in FW-2.x. With respect to the NG signalling support for gNB set ID assignment, this signalling seems necessary for FW-1 as well. 
Observation 5: NG signalling support for gNB set ID assignment is necessary not only for RIM FWs 2.1 and 2.2, but also for their OTA counterpart, i.e. FW-1. 

2.5 Framework 2.1 vs 2.2
The essential difference between FW-2.1 and 2.2 is that the latter one defines the transmission of RIM assistance information from the victim to the aggressor. Although both approaches are feasible, several issues need to be considered. The LS section on FW-2.2 reads in Step 3: 
‘Upon reception of the “reception of RS” info received in the backhaul, victim sends info to assist RIM coordination’
[bookmark: _GoBack]However, it needs to be further studied whether the transmission of RIM assistance information from the victim to the aggressor side is necessary. The reason is that the aggressor may extract the important information necessary for RI mitigation already from the RS (Step 1 in FW-2.x). In particular, the aggressor gNB can know the propagation delay of the RS based on the time of reception of the RS, which is sufficient information for the aggressor to adapt its guard period and mitigate the RI. Which additional information could be sent between victim and aggressor and how it can be used by the aggressor to further improve the network performance in the mitigation scheme applied, is not clear. Considering the limited time of the study item, and the fact that the full description of FW-2.2 has not been provided (would have been necessary, to better understand the potential benefits), it is proposed to classify the FW-2.2 as feasible from a technical point of view, but not feasible in the scope of the ongoing work.
Proposal 5: RAN3 to proceed with Framework 1 and Framework 2.1, taking into account the modifications discussed in this paper. Framework 2.2 is not considered further in the study.

2.6 The reply to RAN1 LS
The FW candidates in the RAN1 LS do not capture certain essential aspects highlighted in this paper. Therefore, several modifications to the candidate FWs seem to be necessary:
· The use of peer-to-peer backhaul (i.e. Xn) communication between individual aggressor and victim gNBs should be precluded.
· Both over-the-air and backhaul-based RIM FWs should be modified to allow for:
· 5GC-assisted gNB set assignment;
· NG signalling to support the above.
· The backhaul-based RIM FW should include NG signalling support that would enable a newly-defined or an existing RIM-facilitating 5GC functional entity to:
· aggregate the information collected from individual gNBs in a set and forward this aggregated information to other RIM-facilitating 5GC functional entities;
· distribute the RIM information received from other RIM-facilitating 5GC functional entities (e.g. other AMFs) to individual gNBs within a gNB set. 
· From the RAN3 perspective, the step 3 of FW-2.2 (assistance message from victim to aggressor) is feasible, but it would require additional time (which is a scarce resource in this SI) to study the exact content of the message, and the potential benefits.
Having in mind the above, it is necessary for the LS reply to propose modification(s) to the candidate FWs, in accordance to the discussions in this paper.
Proposal 6: RAN3 is respectfully asked to agree to the LS reply to RAN1 that reflects the proposals and modifications to the existing frameworks, discussed in this paper. The LS reply is presented in R3-185683.
3. Conclusion
This paper discusses the RIM solution frameworks defined in the LS from RAN1 (R3-185441). The following observations and proposals are made:
Observation 1: There can exist RI scenarios where a group of gNBs experiences, or causes, similar RI characteristics, and are hence suitable for grouping.
Observation 2: Frameworks 2.1 and 2.2 induce a larger standardization impact than Framework-1. All three frameworks incur a standardization impact on the air interface, while the Frameworks 2.1 and 2.2 also require specification of backhaul signalling.
Observation 3: The advantage of the RIM Framework 2-x with respect to the RIM Framework 1 is the possibility to exchange information with higher reliability, which may result in better performance.
Observation 4: The use of direct (i.e. Xn) communication between the gNBs involved in a RIM scenario would incur a substantial Xn signaling load.
Observation 5: NG signalling support for gNB set ID assignment is necessary not only for RIM FWs 2.1 and 2.2, but also for their OTA counterpart, i.e. FW-1. 
Based on the observations, the following proposals are raised:
Proposal 1: Allow grouping of gNBs into sets.  
Proposal 2: RAN1/3 to study both over-the-air and backhaul-based RIM solutions.
Proposal 3: RAN3 to preclude RIM solutions that use peer-to-peer backhaul (i.e. Xn) communication between individual aggressor and victim gNBs, and study alternative backhaul solutions.
Proposal 4: RAN3 is respectfully asked to study:
· Backhaul-based RIM solutions with 5GC involvement;
· The provision of NG signalling support that would enable a newly-defined or an existing RIM-facilitating 5GC functional entity (e.g. AMF) to:
· collect information from individual gNBs, at least the information necessary for grouping of gNBs into gNB sets; 
· inform the individual gNBs in a set about their respective assigned gNB set IDs;
· aggregate the information collected from individual gNBs in a set and forward this aggregated information to other RIM-facilitating 5GC functional entities;
· distribute the RIM information received from other RIM-facilitating 5GC functional entities (e.g. other AMFs) to individual gNBs within a gNB set. 
Proposal 5: RAN3 to recommend to RAN1 to proceed with Framework 1 and Framework 2.1, taking into account the modifications discussed in this paper. Framework 2.2 is not considered further in the study.
Proposal 6: RAN3 is respectfully asked to agree to the LS reply to RAN1 that reflects the proposals and modifications to the existing frameworks, discussed in this paper. The LS reply is presented in R3-185683.
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