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Background
During the Rel-14 NR SI and subsequent Rel-15 WI, flexible duplexing in general and dynamic TDD was in particular was studied, and Rel-15 NR currently supports flexible frame structure which enables both semi-static and dynamic TDD operation. In the context of both dynamic TDD as well as semi-static TDD with misaligned TDD configurations between neighbouring cells, cross-link interference (CLI) can occur. How to mitigate or avoid such CLI was studied in previous releases and various schemes was enumerated in [2]. Certain CLI mitigation schemes require UE-side CLI measurements as input and the introduction of such measurements was also discussed in Rel-15. However, the work on flexible duplex and CLI measurements was downprioritized by the RAN plenary in 2017 and scoped out of the NR WI.
At RAN#80, a WI on CLI and RIM was approved. Furthermore, at, RAN#82, the WID [1] was updated and contain the following objectives:
The detailed objectives for cross-link interference mitigation to support flexible resource adaptation for unpaired NR cells are: 
· Specify cross-link interference measurements and reporting at a UE (e.g., CLI-RSSI and/or CLI-RSRP) [RAN1, RAN2, RAN4] 
· Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration [RAN1, RAN3]
· Perform coexistence study to identify conditions of coexistence among different operators in adjacent channels [RAN4]
· Target no or very minimal impact on RF requirement
Note: Measurement and coordination mechanisms should be applicable to IAB nodes. 

In RAN1 Ad-Hoc meeting 1901 in Taipei, it was agreed that both RSSI and SRS-RSRP for CLI measurement is supported, and the following agreements that are related to RAN2 were reached:
	Agreement
The following CLI measurements are supported:
· 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

Agreement
For SRS-RSRP measurement report, L3 measurement reporting is applied
Agreement
For CLI-RSSI, L3 measurement reporting is applied
· FFS: Whether SRS-RSRP measurement report and CLI-RSSI measurement report can be configured together for a UE
· Whether UE should be required to perform SRS-RSRP measurement and CLI-RSSI measurement simultaneously

Agreement
For L3 measurement reporting of RSSI/SRS-RSRP, the specification detail on the reporting and triggering mechanism is discussed in RAN2
· Send an LS to RAN2 (LGE, Hyunsoo)

Agreement
· From a specification perspective, the measurement/report configuration of CLI-RSSI and SRS-RSRP are independent.
· FFS: UE capability discussion



In this paper, we give an overview on the UE-side cross-link interference measurement and reporting and touch upon some RAN2-related issues.

[bookmark: _Ref178064866]Discussion on Cross-Link Interference
Cross-link interference (CLI) occurs when the transmission directions of neighbouring cells in the network are not aligned, either due to the neighbouring cells applying different semi-static TDD patterns or due to the use of dynamic TDD in at least one of the neighbouring cells. For example, Cell A may be scheduling UL while Cell B is scheduling DL, which causes the UL transmissions of UE(s) in Cell A to interfere with the DL reception of UE(s) in Cell B (so called UE-to-UE interference). In addition, the UL reception of TRP A is interfered by the DL transmission of TRP B (so called TRP-to-TRP interference). This is illustrated in Figure 1 below. Such cross-link interference (UE-to-UE interference or TRP-to-TRP interference) can potentially be significantly larger than that the conventional inter-cell (TRP-to-UE or UE-to-TRP) interference, which risks deteriorating the network performance. 
[image: ]
[bookmark: _Ref534369031]Figure 1: Illustration of cross-link interference

The higher interference level can be due to the following reasons:
1. A larger transmission power is applied by the interfering node than by the intended transmitting node
2. A more directive antenna pattern, which is also directed at the receiving node, is used by the interfering node than what would have been used by the intended transmitting node
3. The path loss between the receiving node and the interfering node is lower than the path loss between the receiving node and the intended transmitting node
Here we focus on UE-to-UE interference and out of the 3 listed reasons for the increased interference level, the most significant is the difference in pathloss between the cross-link and the downlink. This can for instance happen when the victim UE is on the cell edge and the aggressor UE, i.e the UE causing the interference, is in close proximity to the UE, which is commonly referred to as a near-far effect. The link between the victim and aggressor UE may in some cases be much stronger than the link between victim UE and its serving gNB, which could potentially have a large impact on the performance.   
[bookmark: _Toc534997503][bookmark: _Toc4669406][bookmark: _Toc7509123][bookmark: _Toc7736388]Due to near-far effect the UE-to-UE interference can in some instances be very large.
There are several ways of mitigating the effect of the UE-to-UE Cross Link Interference, most importantly through interference avoidance and improved link adaption, which are actions that may be done through implementation. But in order to apply procedures to mitigate the UE-to-UE CLI there is a need to perform measurements to detect the occurrence as it is likely that this interference would only be subject to a subset of UEs, i.e UEs on the cell edge. There is thus a need to introduce measurement reporting schemes to detect the UE-to-UE CLI before the network can employ measures such as the above to mitigate the effects. 
[bookmark: _Toc4669407][bookmark: _Toc7509124][bookmark: _Toc7736389]There is a need to introduce measurement reporting scheme to detect the UE-to-UE Cross-Link Interference.

Measurement framework and CLI
RRC already provides a framework for measuring and reporting measurements in RRC_CONNECTED mode. The measurement reporting scheme is seen in Figure 2.  



Figure 2. Measurement

According to TS 38.331 the measurement and reporting configuration includes a general set of 5 parameters:
----------------------------------------------------------------------------------------------------------------------------------
1.	Measurement objects: A list of objects on which the UE shall perform the measurements.
2.	Reporting configurations: A list of reporting configurations where there can be one or multiple reporting configurations per measurement object. 
3.	Measurement identities: A list of measurement identities where each measurement identity links one measurement object with one reporting configuration. By configuring multiple measurement identities, it is possible to link more than one measurement object to the same reporting configuration, as well as to link more than one reporting configuration to the same measurement object. The measurement identity is also included in the measurement report that triggered the reporting, serving as a reference to the network.
4.	Quantity configurations: The quantity configuration defines the measurement filtering configuration used for all event evaluation and related reporting, and for periodical reporting of that measurement. For NR measurements, the network may configure up to 2 quantity configurations with a reference in the NR measurement object to the configuration that is to be used. In each configuration, different filter coefficients can be configured for different measurement quantities, for different RS types, and for measurements per cell and per beam.
5.	Measurement gaps: Periods that the UE may use to perform measurements.
------------------------------------------------------------------------------------------------------------------------------------



Figure 2: Illustration of NR measurement configuration.
Impact of CLI
As the measurement framework is typically defined by measuring on serving and neighbouring cells, such as SS/PBCH blocks(s) and/or CSI-RS resources, there is a need to consider how this framework can be adapted to measure on Cross-Link Interference resources. In the LS from RAN1, the details of the measurement resources were included. 
[bookmark: _Toc7509125][bookmark: _Toc7736390]There is a need to consider how the measurement configuration framework can be adapted to support the cross-link interference use-case.
What needs to be highlighted is the difference between use-cases of current L3 measurement framework, where the major use-case is mobility. In this case the use-case of CLI-measurement is to report interference. While it is up to network implementation, the reporting of interference is expected to cause action on the network side that would either reduce the interference or overcome interference, possibly through resource allocation or similar. This should be taken into account. 
[bookmark: _Toc7509126][bookmark: _Toc7736391]The use-case of current measurement framework is different from what is expected from Cross-Link Interference measurements.

For the measurement framework, we analyse the 5 general sets of parameters from a Cross-Link Interference perspective:
1.	Measurement object: The question here revolves around how to implement the measurement object in an efficient way, making sure that the functionality is of current framework is maintained. This is addressed in [3].
2.	Reporting configurations: How does the reporting configuration need to change if one is no longer reporting cells but rather reporting measurement resources? This is addressed in [4].
3.	Measurement identities: No expected impact for CLI here as the framework is only a way to link reporting configurations with measurement objects.
4.	Quantity configurations: The quantity configuration includes Layer-3 filtering which is an important feature and the question is how this applies to CLI. Layer-3 filtering is addressed in [5].
5.	Measurement gaps: The problem is whether measurement gaps are required for CLI. This is FFS.
Of the main questions surrounding CLI, the major question that was not discussed in RAN1 which is in our understanding up to RAN2 to decide is whether periodical or event-triggered measurement reporting is applied to CLI measurements. 
[bookmark: _Toc7172443][bookmark: _Toc7180160][bookmark: _Toc7736392]RAN2 to focus attention on whether event-triggered and/or periodical reporting shall be introduced.
Conclusion
In this contribution we made the following observations:
Observation 1	Due to near-far effect the UE-to-UE interference can in some instances be very large.
Observation 2	There is a need to introduce measurement reporting scheme to detect the UE-to-UE Cross-Link Interference.
Observation 3	There is a need to consider how the measurement configuration framework can be adapted to support the cross-link interference use-case.
Observation 4	The use-case of current measurement framework is different from what is expected from Cross-Link Interference measurements.

[bookmark: _GoBack]Based on the discussion we propose the following:
Proposal 1	RAN2 to focus attention on whether event-triggered and/or periodical reporting shall be introduced.
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