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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN#82, a revised WID on Cross Link Interference (CLI) handling and Remote Interference Management (RIM) for NR was approved in RP-182864. 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 this contribution, we discuss the mechanisms to enable UE-to-UE CLI measurements. 
2. Discussion
2.1. Interference scenario
When neighbor cells are operating in different transmission directions, cross-link interference (CLI) may happen, which includes both gNB-to-gNB interference and UE-to-UE interference. As shown in figure 1, UE2’s DL reception from gNB2 may be interfered by UE1’s PUSCH transmission to gNB1 at the same time. In order to identify the CLI from UE1 to UE 2, the UE2 could perform measurements over the time/frequency resource for UE1’s PUSCH transmission. 


Fig 1. Scenarios for UE-to-UE CLI measurements
2.2. Alternatives for UE-to-UE CLI measurements
There could be different alternatives for UE-to-UE CLI measurements. In this section, we discuss different alternatives respectively.
· Alt 1: RSRP based UE-to-UE CLI measurements
In this alternative, RSRP measurement is performed to identify UE-to-UE CLI. A UE can be configured with one or multiple reference signals (e.g. SRS) for RSRP measurement, with each SRS transmitted from a potential interference source. With this scheme, the interference strength between a pair of UEs can be obtained and such information can be used for scheduling decision for CLI mitigation. However, UE should be able perform RSRP measurements on multiple SRS configurations (time/frequency/sequence) simultaneously, which would cause higher complexity. In addition, UE performing SRS-RSRP should be able to handle the different signal arrival timings between SRS for RSRP and serving cell DL, as well as different arrival timings among different SRSs for RSRP. Depending on the detailed design, the transmission timing of UE transmitting SRS may also be different from the regular UL transmit timing. SRS-RSRP may cause higher UL overhead as SRS resource dedicated for CLI measurement purpose may be needed, in addition on the existing SRS use cases, e.g. UL channel sounding, beam management, etc, since the UE behavior for SRS transmission for different purposes can be different, for example power control, or timing control.  
From specification perspective, at least the new definition of SRS-RSRP should be introduced, together with the necessary triggering and reporting mechanisms. In addition, the gNB coordination on SRS configuration and measurement results should be specified. 
· Alt 2: RSSI based UE-to-UE CLI measurements
In this alternative, RSSI measurement is performed to identify UE-to-UE CLI. The RSSI is measured on a particular time/frequency resource with energy measurement not relying on any particular signal. In addition, there is no timing alignment issue as UE does not need to detect any particular signal from UE in another cell therefore it is much simpler than SRS-RSRP from UE implementation perspective. The IMR framework can be used for the configuration of measurement resources for RSSI. On the time/frequency that RSSI is measured, the neighbor gNB can schedule any type of UL transmission (SRS, PUSCH, PUCCH, PRACH, etc) from one or multiple UEs, therefore no additional overhead is introduced. If the measurement report can be exchanged between neighbor gNBs along with the resource on which the RSSI is measured, the interference source can be identified by checking the historical UL scheduling decisions of the “aggressor UEs”. 
From specification perspective, at least the new definition of RSSI should be introduced, together with the necessary triggering and reporting mechanisms. In addition, the gNB coordination on IMR configuration and measurement results should be specified. 
· Alt 3: L1-SINR based UE-to-UE CLI measurements
L1-SINR is being specified in Rel-16 eMIMO WID, although the details are still to be decided but the concept can be reused for UE-to-UE CLI measurements. In this alternative, the UE can measure the signal part for L1-SINR on a configured RS, e.g. CSI-RS as in Rel-15 and measure the interference part for L1-SINR on a different resource, e.g. IMR. On the IMR, neighbor gNB can schedule the UE for any type of UL transmission (SRS, PUSCH, PUCCH, PRACH, etc), no additional overhead is introduced.  The UE performing interference measurement on IMR does not rely on any particular signal type and there is no timing alignment issues so the complexity is lower that SRS-RSRP. Similarly as RSSI, if the measurement report can be exchanged between neighbor gNBs along with the resource on which the interference part of L1-SINR is measured, the interference source can be identified by checking the historical UL scheduling decisions of the “aggressor UEs”.
From specification perspective, the L1-SINR framework is expected to be reused. The gNB coordination on IMR configuration and measurement results should be specified. 
· Alt 4: CQI based UE-to-UE CLI measurements
In this alternatives, the CQI measurement and reporting is reused with some enhancements to reflect the UE-to-UE CLI. By using this alternative, a UE may need to generate two CQI reports, with the interference measured on the resources with and without UE-to-UE CLI respectively. A single channel measurement can be shared for the two CQI reports. The time domain triggering behavior for the CMR (channel measurement resource) and IMR can be independent, for example periodic configured CMR combined with aperiodic triggered IMR. gNB may trigger the two CQIs (with and without CLI) jointly or individually. Although the interference measurement on the IMR resource does not rely on any particular signal type, and no timing alignment issue, the UE complexity is expected to be high as UE has to calculate another CQI which is more complicated than an RSSI or L1-SINR calculation. 
Similarly as RSSI, if the measurement report can be exchanged between neighbor gNBs along with the resource on which the interference part of CQI is measured, the interference source can be identified by checking the historical UL scheduling decisions of the “aggressor UEs”.
From specification perspective, the existing CQI framework can be reused as much as possible. Some enhancements such as the independent triggering of CMR and IMR should be specified. Joint or separate reporting of two CQIs (with and without CLI) should be supported. The gNB coordination on IMR configuration and measurement results should be specified. 
Based on the above discussions, we summarized the four UE-to-UE CLI measurement alternatives in table 1. It can be seen that RSSI or L1-SINR are good candidate solutions which can reflect CLI sufficiently without much UE implementation burden and specification impacts. 
Table 1 Summary of UE-to-UE CLI measurement alternatives 
	
	Able to identify interference source
	UE complexity 
	Resource overhead
	Specification impacts

	SRS-RSRP
	Possible
	High
	High
	Definition of SRS-RSRP 
Measurement triggering and reporting
gNB coordination on SRS configuration and measurement results

	RSSI
	Possible
	Low 
	Low
	Definition of RSSI
Measurement triggering and reporting
gNB coordination on IMR configuration and measurement results

	L1-SINR
	Possible
	Medium
	Low
	Reusing the L1-SINR framework (being developed in eMIMO)
gNB coordination on IMR configuration and measurement results

	CQI 
	Possible
	High
	Low
	Reusing existing CQI framework with some enhancement, e.g. independent triggering of CMR and IMR.
gNB coordination on IMR configuration and measurement results




3. Conclusion
In the contribution, we discussed the alternatives for UE-to-UE CLI measurements, it is proposed to use RSSI measurement or L1-SINR as UE-to-UE CLI measurement in Rel-16. 
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