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1	Introduction
This contribution relates to the ongoing 3GPP NR WI on CLI (cross-link-interference).
RAN2 agreements for this WI is given below. RAN1 Agreements related to CLI are given in Annexure A.
RAN2#106 Agreements 
Following are the agreements related to UE-CLI measurements in RAN2-106.	
· RAN2 aims to reuse the existing RRM procedures as much as possible for measurements configuration and reporting of SRS-RSRP and CLI-RSSI measurements and minimize the impact on RRC specification.
· FFS Whether to Extend MeasObjectNR to include the SRS-RSRP and CLI-RSSI measurement resource configuration or specify a new measurement object specific for CLI measurements.
· Extend ReportConfigNR to support the SRS-RSRP and CLI-RSSI measurement reporting configuration.
· Layer 3 filtering is applied to the SRS-RSRP measurement.
· Layer 3 filtering is applied to the CLI-RSSI measurement.
· Extend MeasurementReport message to report the measurement result of SRS-RSRP or CLI- RSSI measurement
· The periodic measurement reporting is supported for both SRS-RSRP and CLI-RSSI measurements (this does not preclude also supporting event triggered reporting)
RAN2#107 Agreements 
· Introduce new reportType dedicated to CLI, i.e. CLI-PeriodicalReportConfig and CLI-EventTriggerConfig in ReportConfigNR.
· Detail content of new CLI-PeriodicalReportConfig and CLI-EventTriggerConfig in ReportConfigNR:
· CLI-PeriodicalReportConfig and CLI-EventTriggerConfig don’t include rsType, includeBeamMeasurements, useWhiteCellList, reportQuantityRS-Indexes and reportAddNeighMeas.
· CLI-PeriodicalReportConfig and CLI-EventTriggerConfig include reportInterval and reportAmount.
· CLI-PeriodicalReportConfig and CLI-EventTriggerConfig include new IE MeasReportQuantityCLI that includes only two Boolean flags, one for SRS-RSRP and another for CLI-RSSI.
· CLI-PeriodicalReportConfig and CLI-EventTriggerConfig include new IE maxReportCLI, instead of maxReportCells.
· Define a new event for CLI reporting: ‘Interference becomes above threshold’.
· CLI-RSSI can trigger event-based reporting.
· Define new IE MeasObjectCLI for CLI.
· FFS Whether to allow more than one MeasObjectCLI to be configured to the UE.
· MeasObjectCLI includes the SRS-RSRP resource for measurements and is defined reusing the existing IE SRS-Config (and can be extended if new parameters are found to be necessary)
· field description of nrofSRS-Ports, nrofSymbols and repetitionFactor will be describe the values that can be used for SRS-RSRP measurements as agreed by RAN4.
RAN2-107bis Agreements 
· Multiple CLI measurement objects can be configured for an UE 
· FFS on the max number
· FFS whether each MO applies to a given cell (e.g. Pcell, PScell, Scell), also depending on the decision to apply CLI also to NR CA/ MR-DC or not
· SRS-RSRP results and CLI-RSSI results cannot be included in the same measurement report. (I.e. report quantity cannot be set to ‘SRS-RSRP and CLI-RSSI’.)
· s-measure is not applicable to CLI measurements.
· Define a UE radio capability to indicate whether serving cell DL signal/channel (e.g. PDSCH/PDCCH) and SRS-RSRP FDMed reception is supported. FFS - UE behavior when DL signal/channel and SRS RSRP are FDMed for UEs indicating the FDMed reception is not supported.
· Define a UE radio capability to indicate whether serving cell DL signal/channel (e.g. PDSCH/PDCCH) and CLI-RSSI FDMed reception is supported. FFS - UE behavior when DL signal/channel and CLI RSSI are FDMed for UEs indicating the FDMed reception is not supported.
RAN2-108 Agreements 
1. FR1/FR2 diff should be “Yes” in general for all CLI capabilities.
2. Endorse 38.306 running CR in R2-1915716.
3. UE shall prioritize the DL transmission in case DL signal/channel and SRS RSRP resources are FDMed for UEs indicating the FDMed reception is not supported.
4. UE shall prioritize the DL transmission in case DL signal/channel and CLI RSSI resources are FDMed for UEs indicating the FDMed reception is not supported.

And also it is agreed to send LS to RAN1 to ask whether a UE capability is needed to indicate UE supports CLI RSSI measurement with a configured reference SCS different from that of the active BWP. But there was no specific conclusion on UE behaviour on whether the UE should continue the CLI-RSSI measurements defined for SCS when it switches to higher SCS.
In this discussion paper we further analyse the possibility of continuing CLI-RSSI measurements after BWP switching and also the impact of timing adjustments on measurement accuracy for SRS-RSRP measurements and possible solutions. This document is modified resubmission of R2-1914591. The key issues identified in this document not yet addressed in RAN2 until RAN2-108.
2      CLI-RSSI measurements and BWP switching
For CLI-RSSI measurements, the measurement resources are defined as slots with periodicity defined as number of slots. The duration of period depends on the SCS configured for the measurement resources. For CLI-RSSI measurements UE measures the receive power level on the slots configured in the measurement resources. It is possible to measure the CLI-RSSI on the measurement resources defined using lower SCS when the UE is operating on active BWP configured with other SCS, if the UE increases the number of slots and periodicity according to the ratio of lower SCS and the active SCS. This measurement does not require any additional UE capability as the UE only needs to increase the number of slots and periodicity which is possible with the basic capability.
As the UE operation in lowest SCS is expected to happen most of the time compared to operation in BWP with higher SCS in initial deployments. In such cases, if dynamic TDD is configured the UE-CLI interference is expected from the UE operating in lowest SCS for most of the time compared to higher SCS operation. When the victim UE switches to higher SCS operation, the actual interference from lower SCS aggressor will still remain in most of the cases. It is better to measure this CLI interference in higher SCS operation and mitigate instead of not measuring the CLI interference in this case. Hence we propose that UE can continue with CLI-RSSI measurements configured for lower SCS after the BWP switching to higher SCS with proper scaling of number of slots and duration.
Observation 1: Continuation of CLI-RSSI measurement configured for lower SCS after UE switches to BWP with higher SCS is possible for the UE capable of CLI-RSSI measurements by scaling up the measurement resource configuration according to new SCS.
The resources for CLI-RSSI  measurements are the conflicting time slots for transmission direction based on the difference in the TDD configuration of two cells. These slot duration of interference is fixed irrespective of operating bandwidth of victim UE. In order measure the CLI for these slots for the complete duration of the connected mode, separate measurement resources need to be defined for each possible SCS. This will increase the number of measurement resources to continue the measurements for the same slot duration.
For example, if the CLI slot identified based on 15 KHz SCS is slot number 2 of 10 msec frame structure, in order to have the measurements carried out across all the possible BWP, ENB need to configure following measurement resources.
· Measurement resource 1 : slot-2 with periodicity of 10 msec
· Measurement resource 2,3 : slot -3 with periodicity of 20 msec for 30 KHz, slot-4 with periodicity of 20 msec for 30KHz.  These two resources are defined to cover single slot of CLI of 10 msec.
To measure the CLI interference on the same slot 3 different measurement resources needs to be defined if the UE supports 2 BWP with different SCS. This will increase accordingly for higher SCS. 
This problem of defining multiple measurement resources can be avoided, if one measurement resource of reference SCS is defined and the UE can measure multiple slots according to the higher SCS.
Observation 2: Multiple measurement resources needs to be configured for the same CLI slot for different SCS supported by the UE if the UE does not support CLI-RSSI measurement of reference SCS across different BWPs.
Proposal 1: CLI-RSSI measurements on the measurement resources configured with lower SCS shall continue after UE switches the BWP to higher SCS operation.

3	UE CLI RSRP measurement timing considerations
According to LS issued by RAN1 to RAN2, RAN3 and RAN4 on UE-2-UE CLI measurement and reporting (R1-1903677) the following is noted related to the UE CLI SRS-RSRP measurements.
Ref. R1-1903677:
· In order to perform SRS transmission for CLI measurement, The TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols transmitted to the gNB.
· For SRS-RSRP measurement, the UE is not required to perform time tracking or time adjustment other than a constant offset relative to its own DL timing. The constant offset is derived by UE implementation.

Referring to Figure 1 the victim UE2 is requested by its serving gNB2 to measure the RSRP of SRS transmitted by the aggressor UE1 connected to a neighbour gNB1. UE2 measuring the SRS transmitted by the aggressor UE1 poses the problem of UE2 determining by when in time it can be confident to measure the aggressor SRS and thereby obtain a meaningful RSRP result useful for network CLI mitigation planning. 

As defined in R1-1903677 the aggressor UE1 is transmitting the SRS at its regular UL timing with the victim UE2 requested to perform the SRS RSRP measurement at a constant time offset relative to its own DL timing. 
The arrival of the SRS at UE2 dependents on the timing advance of the UE’s (TA_1/2), the path delay between the UEs (PD12), the intercell timing offset and the cell phase synchronization accuracy (CP_sync_err) out of which only TA_2 is known to the victim UEs performing the SRS RSRP measurement.  
[image: ]
[bookmark: _Ref793698][bookmark: _Hlk8637871]Figure 1: UE-2-UE CLI SRS RSRP measurement scenario
If the measurement time applied by the victim UE2 is not aligned with the arrival of the SRS at the victim UE2 the accuracy of the measurement may be impacted by the resulting measurement timing error. 
Observation 2A: The UE performing the SRS RSRP measurement will apply a time offset relative to its own DL timing which is derived by UE implementation. As such the actual measurement time is unknown to the serving gNB requesting the measurement and it may not be the same time offset applied by all UEs active in the cell. 
Observation 2B: Since the SRS RSRP measurement timing offset assessment is purely up to UE implementation, some UE’s may implement time tracking/adjustment capability to increase measurement accuracy, a feature which will be unknown to the serving gNB under present agreements.
With reference to RAN4#90BIS R4-1904763 (WF for on CLI measurement) it was agreed to further study the impact of such timing errors (TE).
Ref. R4-1904763:
· Further evaluations for CLI measurement accuracy according to DL measurement timing error are needed
· Companies are encouraged to provide analysis of CLI measurement impact on DL measurement timing error

Link level simulations have been carried out in accordance with simulation assumptions defined in R4-1904805 and they show a significant CLI SRS RSRP measurement accuracy degradation when the timing error (TE) exceeds the cyclic prefix (CP). Simulation results have been collected in R4-1908521 with representative examples for FR1 and FR2 depicted in Figure 2 showing the CDF of the measured RSRP error vs. SNR for the following two scenarios:

Left plot: 4GHz FR1, SCS 30kHz, SRS #RB 20, Channel: TDL-C-100, SNR: -5:2:5dB, TE: 0,1,2,5,10,20µs
Right plot: 30GHz FR2, SCS 120kHz, SRS #RB 20, Channel: TDL-C-300, SNR: -5:2:5dB, TE: 0,0.5,1,2,5,10µs
 

[image: ]
[bookmark: _Ref8639279]Figure 2: Link level simulation of SRS RSRP measurement accuracy vs. measurement timing error (TE)

As seen in Figure 2 the measurement accuracy is degraded when the timing error (TE) becomes higher than the CP which in this example is 2.35us/0.59us for SCS 30/120kHz, respectively.

Observation 2C: The accuracy of the SRS RSRP measurement is significantly degraded when the measurement timing error (TE) is exceeding the cyclic prefix (CP).
The question is now if deployment and operating scenarios may exist resulting in TE > CP even with a constant timing offset applied.
From simple free space path loss calculations, it is evident that interference levels remain significant even at high UE-2-UE distances. Furthermore, the UE-2-UE path delay is exceeding the CP boundary at a UE-2-UE distance of approx. 350m (SCS 60kHz) and 176m (SCS 120kHz). This means that for cell ISD higher than 350m(FR1)/176m(FR2) the measurement accuracy will start to degrade for worst case aggressor/victim locations in a line-of-sight (LOS) scenario. Non-line-of-sight (NLOS) cases may also exist which will increase the UE-2-UE path delay for same cell ISD, as illustrated in Figure 3.
[image: ]
[bookmark: _Ref8639212]Figure 3: Example UE CLI scenarios with enlarged UE-UE path delays. (A) reflection interference path, (B) Victim UE in a DL fade and (C) large antenna gain in CLI direction due blocked LOS path to serving gNB
The cell phase synchronization accuracy is specified in RS 38.133 to be better than 3us as an absolute deviation in frame start timing. With reference to Figure 2 a 3us TE from CP_sync_err alone corresponds to an SRS RSRP measurement error of approx. 1dB/5dB for an SCS of 30/120kHz, respectively.
Observation 2D: It is likely that for some deployment scenarios the measurement timing error (TE) may exceed the cyclic prefix (CP) and thus may impact the measurement accuracy.
Observation 2E: In light of these observations the serving gNB cannot distinguish a case of an accurate but low interference measurement from an inaccurate but high TE measurement. Consequently, the value of the CLI RSRP measurement for network CLI mitigation planning is reduced unless dealt with.
As a consequence of observations it is recommended to enable gNB awareness and control of the actual CLI RSRP measurement timing. Two cases are considered:
· Case 1: The UE has capability to compensate the timing error (TE) / search for SRS timing
· Case 2: A static offset vs. DL timing is applied
Case 1: 
A successful measurement from a search-for-SRS-timing feature enabled UE will be a timing accurate CLI RSRP measurement.
Since not every UE in the cell may support such a search-for-SRS-timing feature the gNB needs to be made aware of this capability. As such, even before the gNB configures the UE with a CLI measurement object, a UE capability reporting is proposed:
Proposal 2: The UE reports to serving gNB on its capability to search for SRS timing. 
· The report may indicate that the UE is able to adjust for the timing error within a certain timing window.

For UE’s with support for search-for-SRS-timing it is proposed to let the gNB make decision to use this feature or not via the measurement request (if not using the feature, see Case 2): 
Proposal 3: gNB request for UE CLI SRS RSRP measurement with UE search for timing offset enabled.
 
The associated measurement report is proposed to include information on the timing offset found and used for the measurement and a search verdict indicating if the search was successful or not.  
Proposal 4: UE reporting of CLI SRS RSRP measurement result including used timing offset, search indication and search result verdict.
Case 2: 
If UE search-for-SRS-timing capability is not supported the CLI SRS RSRP measurement will be conducted at a time offset ref. the DL timing. Presently this offset is up to UE implementation and not reported to the gNB. However, the UE will not be able to estimate the SRS timing error and as such the configuration of the time offset is better made at network side. With reference to Figure 1 the gNB may obtain information on TA1_2 and it may obtain an estimate of PD12 from positioning information assuming LOS interference path. If a useful UE specific estimate is not obtainable the gNB may choose an appropriate offset for all UEs based on the deployment scenario or it may choose to repeat measurements at different offsets observing delta powers indirectly searching for the optimum timing. All parameters dictating the timing error are best estimated on the network side and thus gNB should be in control of the offset configuration, not the UE, as such the following is proposed:   
Proposal 5: gNB request for UE CLI SRS RSRP measurement include specified measurement timing offset if the UE is not capable of dynamically search the timing offset for measurements.

Case 1 and case 2 discusses specific proposals for increased gnB control and awareness of the CLI SRS-RSRP measuring timing for each UE in the cell. Collectively the proposal is for additional signaling between UE and gNB related to timing adjustment for the SRS-RSRP measurement:    

Proposal 6: Additional signalling will be required between UE and GNB related to timing adjustment for CLI SRS-RSRP measurement and associated impact on accuracy on the measurement report. FFS details of signalling messages.


4	Conclusions
We analyse the remaining issues related to UE-CLI after RAN2-107bis in this document. CLI-RSSI measurements on measurement resource having different SCS than SCS of active BWP and the impact of Timing adjustment of measurement accuracy for SRS-RSRP measurements are further analysed here and we make following proposals and observations.

Observation 1: Continuation of CLI-RSSI measurement configured for lower SCS after UE switches to BWP with higher SCS is possible for the UE capable of CLI-RSSI measurements by scaling up the measurement resource configuration according to new SCS.
Observation 2: Multiple measurement resources needs to be configured for the same CLI slot for different SCS supported by the UE if the UE does not support CLI-RSSI measurement of reference SCS across different BWPs.
Proposal 1: CLI-RSSI measurements on the measurement resources configured with lower SCS shall continue after UE switches the BWP to higher SCS operation.
Observation 2A: The UE performing the SRS RSRP measurement will apply a time offset relative to its own DL timing which is derived by UE implementation. As such the actual measurement time is unknown to the serving gNB requesting the measurement and it may not be the same time offset applied by all UEs active in the cell. 
Observation 2B: Since the SRS RSRP measurement timing offset assessment is purely up to UE implementation, some UE’s may implement time tracking/adjustment capability to increase measurement accuracy, a feature which will be unknown to the serving gNB under present agreements.
Observation 2C: The accuracy of the SRS RSRP measurement is significantly degraded when the measurement timing error (TE) is exceeding the cyclic prefix (CP).
Observation 2D: It is likely that for some deployment scenarios the measurement timing error (TE) may exceed the cyclic prefix (CP) and thus may impact the measurement accuracy.
Observation 2E: In light of these observations the serving gNB cannot distinguish a case of an accurate but low interference measurement from an inaccurate but high TE measurement. Consequently, the value of the CLI RSRP measurement for network CLI mitigation planning is reduced unless dealt with.
Proposal 2: The UE reports to serving gNB on its capability to search for SRS timing. 
· The report may indicate that the UE is able to adjust for the timing error within a certain timing window.

Proposal 3: gNB request for UE CLI SRS RSRP measurement with UE search for timing offset enabled.
 
Proposal 4: UE reporting of CLI SRS RSRP measurement result including used timing offset, search indication and search result verdict.
Proposal 5: gNB request for UE CLI SRS RSRP measurement include specified measurement timing offset if the UE is not capable of dynamically search the timing offset for measurements.

[bookmark: _GoBack]Proposal 6: Additional signalling will be required between UE and GNB related to timing adjustment for CLI SRS-RSRP measurement and associated impact on accuracy on the measurement report. FFS details of signalling messages.
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Annexure
At RAN1#96, the following was agreed for those measurements (R1-1903677):
UE CLI SRS-RSRP measurements:
· 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.
· For SRS transmission for SRS-RSRP measurement purpose, no new SRS resource set usage is introduced.
· For SRS-RSRP measurement, one or more SRS resource per serving cell can be configured.
· For SRS-RSRP, the total number of SRS resources to be monitored by a UE should not exceed 32.
· QCL assumption on (CLI-RSSI and) SRS-RSRP interference measurement resources is up to UE implementation. 

UE CLI RSSI measurements:
· 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.
· One or multiple resources for CLI-RSSI measurement can be configured.
· Maximum number of measurement resource for CLI-RSSI measurement is 64.
· In information element of resource configuration for CLI-RSSI measurement, at least following parameters are included
· Number of PRBs and start PRB index for sub band indication (note: Configured PRBs are contiguous, the exact number of PRBs is up to RAN4.
· Number of OFDM symbols and first OFDM symbol index in a slot (note: configured OFDM symbols are contiguous, the exact number of OFDM symbol is up to RAN4).
· Depending on UE capability discussions, UE may not be required to assume that PDSCH is FDMed with CLI-RSSI measurement resource(s)
· All subcarrier spacings supported in Rel-15 NR for FR1, FR2.
· Subcarrier spacing is a reference unit of time/frequency resource configuration.
· UE operates CLI measurement within the active BWP. 
· The subcarrier spacing for CLI-measurement resource configuration can be same or different from the SCS of the active BWP.
· In information element of resource configuration for CLI-RSSI measurement, following values for slot configuration is used.
· slots10 INTEGER (0..9), slots20 INTEGER (0..19), slots40 INTEGER (0..39), slots80 INTEGER (0..79), slots160 INTEGER (0..159), slots320 INTEGER (0..319), slots640 INTEGER (0..639)}
· Note: Network configures slot duration for CLI-RSSI measurement which is corresponded with one value of periodicity among the periodicity set (i.e. {10ms, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms})


Table. CLI-RSSI measurement periodicity
	SCS(kHz)
Slot duration
	15k Hz
	30 kHz
	60 kHz
	120 kHz

	10 slots
	10 msec
	
	
	

	20 slots
	20 msec
	10 msec
	
	

	40 slots
	40 msec
	20 msec
	10 msec
	

	80 slots
	80 msec
	40 msec
	20 msec
	10 msec

	160 slots
	160 msec
	80 msec
	40 msec
	20 msec

	320 slots
	320 msec
	160 msec
	80 msec
	40 msec

	640 slots
	640 msec
	320 msec
	160 msec
	80 msec
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