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1 Introduction
In RAN #82, the revised WID on CLI and RIM was agreed. In the WID, the detailed objectives for cross-link interference mitigation, as pertaining to RAN1 WG were stated as follows.
· Specify cross-link interference measurements and reporting at a UE (e.g. CLI-RSSI and/or CLI-RSRP)

· Specify network coordination mechanisms including at least exchange of intended DL/UL configuration
Note: Measurement and coordination mechanisms should be applicable to IAB nodes. 

In this document we discuss key aspects of cross link interference measurements and reporting at a UE. We argue that considering different CLI use cases, such as those arising in integrated access and backhaul is crucial to defining measurements and reporting at the mobile terminal (MT).  
2 CLI Measurements and Reporting
Cross link measurements are important enablers for CLI management. As we strive to consider and identify effective interference mitigation and cancellation schemes for CLI, it is important to similarly consider different types of interference measurements as enablers for such schemes.
In RAN1 1702 Adhoc meeting, the following agreements have been reached regarding CLI management.

Agreements:

· For CLI management, support UE-to-UE interference measurement and reporting without the introduction of new RS(s)
Agreements:

· For UE-to-UE interference, support CLI measurement metrics which include at least one of

· RSRP for the purpose of CLI

· FFS the definition (e.g., based on SRS, DM-RS, etc.) and the corresponding reporting

· RSSI for the purpose of CLI

· FFS the definition (e.g., resources for the measurement) and the corresponding reporting

· For UE-to-UE interference, FFS additionally support CQI/CSI as the CLI measurement metrics and if so, its definition/reporting

In RAN1#90, the following agreements have been further reached.
Agreements:
· UE-to-UE interference measurement and reporting can be configured to be ON or OFF semi-statically and UE-specifically
· Note: there may or may not be an explicit ON/OFF indicator; in the latter case, it can be implicitly derived by other parameters (if any)
Agreements:
· Definitions of metrics for CLI:

· SRS-RSRP:

· Linear average of the power contributions of the SRS to be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions

· RSSI:

· The linear average of the total received power observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over the configured resource elements for measurement by the UE

· For SRS-RSRP based UE-UE CLI measurement  

· At least SRS can be used for UE-UE CLI measurement

· The specification should provide a mechanism for the network to configure at least a same SRS sequence for one or more UEs transmitting SRS

· Note: This intends to support cell-level, UE-group-level, and UE-level interference differentiation 

· UE can be configured with one or more SRS resource(s) (including time-frequency resource(s), sequence(s), cyclic shift(s), periodicity, etc) to measure UE-UE CLI interference. 

· FFS details, e.g. configuration signaling, measurement triggering mechanism

· Every SRS resource has to be explicitly configured, i.e. there is no SRS blind acquisition by the UE required.

· FFS the maximum of SRS resources – aim to limit the number of resources to reduce complexity while considering performance aspect

· Mechanism to limit the UE complexity for UE-UE CLI measurement is supported

· FFS details, [e.g. by limiting the number of root sequence of SRS for UE-UE CLI measurement that a UE needs to detect within a certain amount of time, longer periodicity.]

· FFS whether there is spec impact. 

· FFS: The specification should provide a mechanism to avoid potential DL transmission interfering the SRS for UE-UE CLI measurement

· FFS exact details, [e.g. by rate matching the DL transmission around the SRS]

· FFS: Transmission timing advance of SRS for CLI measurement can be different from the transmission timing advance of its PUSCH, e.g D2D channel transmission timing 

· The UE is not required to perform time tracking or time adjustment relative to DL operation in order to perform RSRP measurement

· FFS whether or not to have measurement accuracy relaxation

· For RSSI based UE-UE CLI measurement  

· UE can be configured with a set of resource elements to measure UE-UE CLI interference.

· FFS details, e.g. the set of resource elements can be SRS or DM-RS resource, configuration signaling, measurement triggering mechanism

· FFS whether additional mechanism for SRS transmission is needed for RSSI based UE-UE CLI measurement

· FFS: The specification should provide a mechanism to avoid potential DL transmission in the RSSI measurement resource elements for UE-UE CLI measurement

· FFS exact details, e.g. by rate matching the DL transmission around the resource elements for RSSI UE-UE CLI measurement

· To conclude whether or not to down-select the above two approaches in the next meeting

Defining measurements for cross-link interference management needs to take into account the different dimensions these measurements are needed in, e.g. short-term versus long-term, wideband versus narrowband, etc. It should also consider the performance gains vis-à-vis the overhead incurred for these measurements. 

Observation 1: Both long term and short term CLI measurements should be supported to enable different CLI management schemes.
The selection of the measurement metrics should further take into account different use cases where cross-link interference arises to ensure forward compatibility, and a universal framework for reference signals design for cross link interference. One such use case, noted in the objectives of this WI, where CLI is prominent is integrated access and backhaul or IAB, where an IAB node has an integrated DU and MT (mobile terminal). 
UE-to-UE measurement metrics being considered include CLI-RSRP and CLI-RSSI. Both metrics can provide long term measurements of the interference from aggressor UEs and subsequently mitigate it. CLI-RSRP based measurements provide a better look into the identity of the strongest interferers to the measuring UEs. If UE-specific SRS-RSRP is used for example, the aggressor UE can be identified at the victim UE. RSSI measurements, however, can provide more information about the overall interference that the UE suffers from, and the presence of hidden nodes that are causing interference, and has already been supported for LTE-LAA for example. 
Observation 2: Both CLI-RSRP and CLI-RSSI can provide long term metrics to measure the UE-to-UE interference

Proposal 1: Both CLI-RSRP and CLI-RSSI should be considered as long term measurements for UE-to-UE cross link interference. 

CLI-RSRP measurements can be based on SRS. SRS-RSRP can be UE-level, where every aggressor UE is configured to transmit a different SRS sequence in time frequency resources for CLI measurements, and the victim UE measures the RSRP with the transmitted sequence. To reduce the complexity and overhead of resource configuration and measurement and reporting, however, the configuration of SRS resources for aggressor UEs can be done on a group basis or cell basis, whereas a group of UEs are configured with the same SRS resource over a given time-frequency resources for CLI-measurements. This reduces the overhead at the expense of reducing the insight into identifying the individual aggressors.
Observation 3: CLI-RSRP can be made flexible to reduce the complexity of configuring the reference signals, and measurement and reporting of CLI.  
Proposal 2: Configuring SRS resources on a UE-group level or cell-level should be supported to reduce the measurement and reporting overhead and complexity for CLI.
In addition to CLI-RSRP based on SRS, reference signals such as CSI-RS should also be considered for long term UE-to-UE CLI measurements. CSI-RS can be configured for different aggressor UEs on different ports on the same time frequency resources to be measured by the victim UEs. CSI-RS based measurements can be flexible enough to accommodate use cases where the victim UE or MT is measuring interference in the same slot from different sources, on the DL and on the UL. Such cases arise in IAB for example. CSI-RS based measurements are being considered for V2V measurements as well. 
Proposal 3: CSI-RS should be considered for long term UE-to-UE CLI measurements.

Short term CLI measurements should also be considered. Such measurements are needed for tighter CLI coordination and management schemes. Short term measurements are frequent enough, in the order of a channel coherence time, so that they can be used to capture for example, beam and interference direction, in case of network coordination and advanced receiver for CLI mitigation. Short term measurements can be based on UE-specific RS, such as CSI-RS.  
Proposal 4: Short term measurements such as those based on CSI-RS should be considered as UE-to-UE CLI measurements 
The cross link interference measurements at the victim UE are reported to be used in resource scheduling decisions, and interference coordination and management. The interference measurement reports can be sent following every measurement instant. Depending on the nature of the measurements, whether long term or short term, such reports can be higher layer reports, where delay can be tolerated and reporting overhead is reduced, or L1 reports, for tighter CLI coordination. 
Proposal 5: CLI report can be a L1- report or a higher layer report depending on the frequency of measurement and the CLI mitigation scheme
3 CLI in Integrated Access and Backhaul
The IAB study item [2] studied the impact of CLI on IAB.  The study identified the following CLI cases arising between IAB nodes.
-
Case 1: Victim IAB-node is receiving in DL via its MT, interfering IAB-node is transmitting in UL via its MT;

-
Case 2: Victim IAB-node is receiving in DL via its MT, interfering IAB-node is transmitting in DL via its DU;

-
Case 3: Victim IAB-node is receiving in UL via its DU, interfering IAB-node is transmitting in UL via its MT;

-
Case 4: Victim IAB-node is receiving in UL via its DU, interfering IAB-node is transmitting in DL via its DU.

The impact of cross link interference on the system throughput performance of IAB networks can be significant and varies based on the network topology and the number of hops. To better illustrate that, we present evaluation results for the following cases, where different metrics were used to create the backhaul topology: 

· RSRP-only (NR baseline)

· Limit of 3 directly connected child IAB nodes

· Max SIR (RSRP+RSSI)
· Max SIR + Limit of 3 directly connected child IAB nodes

The benefit of limiting the number of connected child IAB nodes is to alleviate congestion, by more equitably distributing nodes across candidate parent nodes, while the max SIR-based approach takes into account potential cross-link interference across hops due to the half-duplex constraint at each IAB node.
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Figure 1. DL thpt distributions for different numbers of donor nodes and topology formation methodologies

In Figure 1, we show how the performance of different topology formation methodologies is impacted by the number of donor nodes, and the presence of cross link interference. For example, in case of only 1 donor site, limiting the number of child nodes has the largest performance gain since it helps to alleviate the severe congestion which can be experienced at the donor (or nodes 1 hop from the donor) when a large number of IAB nodes are directly connected. However, in case of 7 donors sites out of 19, the SIR-based methods provide the greatest performance gain, since 1) congestion alleviation is less important as there are less bottlenecks at the donors and 2) the impact of cross-link interference is more noticeable since the backhaul links are more frequently active due to the increased backhaul link throughput and decreased number of hops required.
Observation 5: System performance for IAB networks can be improved by considering cross-link interference in the topology formation methodology.
CLI cases 1-4 in IAB can otherwise be classified into MT-to-MT, DU-to-MT, MT-to-DU and DU-to-DU interference, respectively. 

DU-to-MT interference can be viewed similarly to inter-cell interference and be treated accordingly. MT-to-MT, DU-to-DU, and MT-to-DU interference, however, need a more careful design of CLI measurements and reporting, to enable CLI mitigation schemes. A unified framework that takes into account all types of CLI interference at IAB is desirable.

This becomes more evident when we address the nature of coordination and scheduling in the IAB nodes. In fact, an IAB victim MT for example, might need to measure on CLI coming from MT (case 1), and from DU (case 2) on the same slot. This may imply that multiple CLI measurement configurations may need to be applied concurrently at a single node. Being able to coordinate the RS used for CLI measurements is important for such scenarios. Such coordination can be possible if the same measurement framework based on CSI-RS is used for CLI long term and short term measurements. 
Proposal 6: A unified CLI measurement framework for MT-to-MT, MT-to-DU, DU-to-DU, DU-to-MT should be considered for IAB
4 Summary 
In this paper, we discussed CLI measurements and reporting. We made the following observations and proposals.

Observation 1: Both long term and short term CLI measurements should be supported to enable different CLI management schemes.
Observation 2: Both CLI-RSRP and CLI-RSSI can provide long term metrics to measure the UE-to-UE interference
Observation 3: CLI-RSRP can be made flexible to reduce the complexity of configuring the reference signals, and measurement and reporting of CLI.  
Observation 4: System performance for IAB networks can be improved by considering cross-link interference in the topology formation methodology.
Proposal 1: Both CLI-RSRP and CLI-RSSI should be considered as long term measurements for UE-to-UE cross link interference. 
Proposal 2: Configuring SRS resources on a UE-group level or cell-level should be supported to reduce the measurement and reporting overhead and complexity for CLI.

Proposal 3: CSI-RS should be considered for long term UE-to-UE CLI measurements.

Proposal 4: Short term measurements such as those based on CSI-RS should be considered as UE-to-UE CLI measurements 

Proposal 5: CLI report can be a L1- report or a higher layer report depending on the frequency of measurement and the CLI mitigation scheme

Proposal 6: A unified CLI measurement framework for MT-to-MT, MT-to-DU, DU-to-DU, DU-to-MT should be considered for IAB

