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1. [bookmark: _Ref521334010]Introduction
In RAN#103 meeting, the WID on Evolution of NR Duplex Operation was updated [1]. According to the WID, the CLI handling scheme(s) are to be down-selected from those in TR38.858 by RAN#117. This contribution discusses the various UE-to-UE co-channel CLI management procedures and down-selects the UE-to-UE co-channel CLI handling schemes from TR 38.858. Also, it provides the details of the schemes based on the agreements in RAN#116bis meeting [2]. Further, the contribution also discusses the CLI handling schemes for sub band non-overlapping full duplexing (SBFD).

Also, according to the agreement in the last meeting,
For future RAN1 meetings:
For the down-selection of gNB-to-gNB CLI handling scheme(s) and UE-to-UE CLI handling scheme(s), companies are encouraged to check whether the candidate co-channel CLI handling scheme can be applicable for inter-operator and/or intra-operator adjacent channel CLI handling.
· Note: Whether flexible symbol(s)/slot(s) with SBFD subband configurations can be convert into DL/UL symbols by TDD-UL-DL-ConfigDedicated is discussed under AI 9.3.1.
· Note: Whether UE-specific SBFD subband time domain location indication is supported is discussed under AI 9.3.1.
2.  UE-to-UE co-channel CLI management
2.1 Relevant information exchange between gNBs for UE-UE CLI management
Proposal 3-4b of R1-2403514 that was discussed in the last meeting RAN#116bis contains the following:
	If enhancements to L3 based UE-to-UE CLI measurement and reporting are supported for UE-to-UE CLI handling, the following are recommended to be specified
· Information exchange of SRS resource configurations among gNBs
· Reduce the value of ReportInterval for L3 based UE-to-UE CLI measurement
· CLI measurement accuracy requirement [RAN4]
· [Reference signals for measurement, e.g., SRS with dedicated usage for CLI measurement]




Rel. 16 CLI management requires the aggressor to transmit SRS and the victim to measure CLI RSRP on the transmitted SRS. Hence, the configuration of the SRS transmitted by the aggressor should be known by the serving gNB of the victim UE to ensure proper measurement configuration is given to the victim. This requires the SRS configuration parameters to be shared between the aggressor and victim gNBs. However, Rel. 16 does not specify these parameters to be shared. for better coordination among the cells to manage CLI, relevant information can be exchanged among the serving gNBs of victim UE and aggressor UE. 
Thus, additional information exchange will help in better inter-cell UE-UE CLI management, (e.g., SRS) in terms of better coordination across gNBs and better CLI measurement accuracy.
Observation 1: Rel. 16 CLI management does not specify relevant information exchange among gNBs for UE-to-UE CLI management, e.g., SRS configuration parameters.
Proposal 1: Relevant information exchange, e.g. SRS configuration parameter among gNBs is supported for efficient UE-to-UE CLI management. 
Further, consider a scenario where the aggressor UE and the victim UE uses partially overlapping bandwidth parts (BWPs) as shown in Fig. 1. In this case, the aggressor UE will transmit SRS within its own allocated BWP as shown in Fig. 1 while victim UE can measure SRS RSRP only in the overlapping resources. Therefore, only a part of the SRS will be received by the victim UE for RSRP measurement. The aggressor UE generates and fills the SRS sequence from P1 as the reference point up to the end of its BWP. The victim UE should generate the same SRS sequence for correlating and obtaining the RSRP. However, the victim UE will assume that the SRS sequence is filled at the transmitter starting from P2 as the reference point.  As a result, in the overlapping portion of the 2 BWPs, there will be a mismatch between the sequence transmitted by the aggressor UE and the sequence assumed by the victim UE. Thus, there will be a mismatch in how the SRS sequence is filled by the aggressor and how SRS sequence is interpreted by the victim. This discrepancy will affect the accuracy of the measured RSRP. 

[image: ]Fig. 1 Partially overlapping between BWPs of victim and aggressor UEs

Observation 2:  In case of partial overlap of BWPs, the victim UE receives only a part of the SRS transmitted by the aggressor UE for measurement of CLI RSRP leading to mismatch in how the SRS sequence is filled by the aggressor and how SRS sequence is interpreted by the victim. 

For SRS resource filling, either subcarrier 0 in common resource block 0 or the lowest subcarrier of the BWP. Thus, if there is a mismatch in the BWPs of the victim and aggressor UEs (both have different lowest subcarriers of respective BWPs), a knowledge of a reference point across the gNB will help to tackle the problem. For example, wrt Fig. 1, point P1 is the reference point that can be shared across the gNBs. As a result, the victim UE can generate the SRS sequence from point P1 instead of P2. This will ensure that the interpretation of the filled SRS sequence is same for both victim and aggressor UEs. 
Further, different UEs across cells in a network might be operating at different numerologies. In Rel. 16 CLI management, the UE is not required to measure SRS using different SCS compared to the downlink active BWP SCS of the same carrier.
Thus, if the numerology of the downlink active BWP of the victim UE is different from the numerology of the transmitted SRS by aggressor UE, the victim UE will not measure the RSRP using the numerology of the transmitted SRS. E.g., the aggressor UE 2 operates at 30 kHz while victim UE 1 operates at 15 kHz. The SRS for CLI measurement will be transmitted at 30 kHz by UE 2. However, UE 1 measures the received SRS using 15 kHz numerology. This discrepancy in the transmitted and received SRS numerologies will affect the accuracy of CLI RSRP measurement. 
Observation 3: When aggressor and victim UE are operating at different numerology, discrepancy arises in the transmitted and received SRS numerologies that will affect the accuracy of CLI RSRP measurement. 
The above-mentioned issue can be handled in implementation specific ways if the gNB serving the victim UE is aware of the numerology of SRS transmission by aggressor UE and it informs the victim UE to process SRS using the numerology of the aggressor. 
The following proposal is made wrt the previous observations.
Proposal 2: Further study the following SRS related information exchange between gNBs for efficient UE-to-UE CLI measurement: a. Numerology of transmission of SRS and b.  A reference point for CLI RSRP measurement.
2.2 Spatial domain enhancements
Proposal 3-4b of R1- 2403514 that was discussed in the last meeting RAN#116bis contains the following:
	If spatial domain-based schemes are supported for UE-to-UE CLI handling, the following are recommended to be specified
· Rx beams configuration for UE-to-UE CLI measurement



As shown in the figure below, the victim UE (UE 1) can have multiple Rx beams. Each Rx beam can be identified with a QCL-D relation with one of the DL Tx beams from the gNB. E.g., the QCL-D can be with a particular CSI-RS resource. In Rel. 16 UE-UE CLI management framework, beam specific CLI measurement or reporting is not defined. However, in a practical scenario, the strength of the CLI from an aggressor UE will vary across different receive beams at the victim UE. If the serving gNB has an idea of the measured CLI strengths across various Rx beams at the UE, it can take this information into account to instruct the UE about which Rx beam to use for downlink reception. 

Observation 4: In Rel. 16, the gNB cannot configure a UE to measure/report CLI using beam sweeping/ different Rx beams.

To resolve this, gNB can configure Rx QCL-D for each CLI resource corresponding to the DL Tx beams. The victim UE measures RSRP/RSSI using these Rx beams as indicated by the gNB (using QCL-D). If the victim UE's Rx beam, which is linked to the best DL beam, has severe CLI, gNB may decide to switch to a different DL beam with a low CLI level associated with UEs Rx beam. Based on the above discussion, the following is proposed.

Proposal 3: Support gNB configuring different Rx beams for UE-to-UE CLI RSSI/RSRP measurement.

                   [image: ]
                   Fig. 2: Multiple Rx beams of UE corresponding to different Tx beams from the gNB
Proposal 3-4b of R1-2403514 that was discussed in the last meeting RAN#116bis contains the following:
	· If enhancements to L3 based UE-to-UE CLI measurement and reporting are supported for UE-to-UE CLI handling, the following are recommended to be specified
· Information exchange of SRS resource configurations among gNBs
· Reduce the value of ReportInterval for L3 based UE-to-UE CLI measurement
· CLI measurement accuracy requirement [RAN4]
· [Reference signals for measurement, e.g., SRS with dedicated usage for CLI measurement]



For the measurement of the CLI on each Rx beam, the same CLI resources can be transmitted repeatedly by the aggressor UE at different time instants using the same Tx beam. This can be done over consecutive OFDM symbols. In Rel. 16 TS 38.331, for CLI-RSRP measurement, the network configures the number of OFDM symbols and repetition factor to ‘n1’. It represents the number of OFDM symbols and repetition of SRS resources for CLI measurement restricted to one. 
In scenarios where the network configures the number of OFDM symbols and repetition factor to 'n2' or 'n4' (involving more than one OFDM symbol and SRS resources) for CLI-RSRP measurement, CLI resources can be transmitted over consecutive OFDM symbols. This facilitates the measurement of CLI levels on each RX beam individually. The victim UE can be configured by the gNB  to perform Rx beam sweeping, enabling it to measure the CLI level on each receive beam. Subsequently, based on the CLI levels measured on each Rx beam, the serving gNB of the victim UE can make decisions regarding Downlink (DL) beam for transmission. Furthermore, if the network configures the number of OFDM symbols and repetition factor to 'n2' and 'n4', respectively, it becomes easier for the gNB to configure SRS resources. If SRS resources are restricted to only one, then the gNB needs to configure resources for each transmit beam individually. Conversely, if the network configures more than one SRS resource, the gNB does not need to configure SRS resources for each transmit beam separately. For instance, if the number of OFDM symbols and repetition factor is set to 'n4' (indicating 4 OFDM symbols and a repetition factor of 4 for SRS resources), the network can configure 4 SRS resources for 4 transmit beams simultaneously. Subsequently, the same SRS resources can be transmitted repeatedly over 4 consecutive OFDM symbols at different time instants. Thus, an SRS with dedicated usage for CLI measurement will facilitate CLI measurement.
Observation 5: Rel. 16 UE-to-UE CLI does not support SRS with dedicated usage for CLI measurement. 

Proposal 4: Support SRS with dedicated usage for CLI measurement.

Once the measurement is done, the UE reports the measurements of CLI level of each beam to the serving gNB. UE can be configured to report the measurements of CLI level of beams to the serving gNB in several ways. For instance, the measurements on the number of beams for which the CLI metric is strongest can be reported by the victim UE. Moreover, the CLI report can be provided for all the receive beams or just a subset of them. If the report addresses just one receiving beam, it can be chosen using a criterion such as reporting the beam with the lowest CLI. For multi-beam report, the order of the report can also be defined. For e.g, the beams are reported in the decreasing order of CLI. 
Proposal 5: Support separate UE-to-UE CLI measurement report corresponding to different receive beams.
2.3 L1/L2 based UE-UE CLI measurement and reporting
	Agreement
Consider the following alternatives for down selection in RAN1#117.
Alt.1:
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set) i.e., SRS-RSRP resource or CLI-RSSI resource
· Measurement reporting
· Periodic, semi-persistent or aperiodic reporting on PUCCH/PUSCH 
· New report quantities: e.g L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes
· UCI bits generation 
· UCI omission rule 
· Priority rules for multiple CSI reporting
· CSI processing unit and CPU occupation rule
· Timeline and related UE behaviours
· CLI measurement accuracy requirement [RAN4]
Alt.2: 
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set), i.e., CLI-IMR
· Measurement reporting
· CSI measurement procedure integrating CLI measurement
· Note: Reuse the existing periodic, semi-persistent and aperiodic reporting on PUCCH/PUSCH 
· Note: Reuse the existing report quantities, i.e., CQI, L1-SINR, and the new measurements on CLI-IMR are included in the interference measurement term for the existing report quantities
Alt.3:
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set) i.e., SRS-RSRP resource or CLI-RSSI resource or CLI-IMR
· Measurement reporting
· Periodic, semi-persistent or aperiodic reporting on PUCCH/PUSCH 
· New report quantities: e.g. L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes
· UCI bits generation 
· UCI omission rule 
· Priority rules for multiple CSI reporting
· CSI processing unit and CPU occupation rule
· Timeline and related UE behaviors
· CSI measurement procedure integrating CLI measurement
· CLI measurement accuracy requirement [RAN4]
Note: The new measurements on CLI-IMR are included in the interference measurement term for the existing report quantities, i.e., CQI, L1-SINR.


To capture the short term CLI with minimal latency, L1 based UE-to-UE CLI measurement and reporting should be sufficient. This will allow the gNB to dynamically schedule UEs for inter-UE CLI reduction. When it comes to L3 measurement and reporting the UE and gNB sides will experience an increase in measurement and reporting latency. Therefore, the network is unable to keep track of the instantaneous CLI. Furthermore, an L1-based UE-to-UE CLI measurement and reporting procedure can be developed with the current CSI framework as a baseline, reducing specification implications yet providing the benefits of L1-based UE-to-UE CLI measurement and reporting.

· CSI Framework based measurement and reporting
In this case, the measurement and reporting framework for CLI is similar to the existing CSI framework. The gNB configures the UE with L1 based periodic or aperiodic CLI measurement resources and explicitly informs the UE to report measured RSRP/RSSI or any other CLI metric like L1-RSRP. 
The report can be periodic and aperiodic. This is informed by the gNB. In our view, there is no need for semi-persistent reporting as well for CLI. This is because periodic and aperiodic reporting can be sufficient for handling CLI and specification impact can be reduced. 
i) For periodic report, the UE is expected to report RSRP/RSSI periodically according to the parameters given by the gNB for periodic reporting. The UL resources for sending the report are configured by the gNB to UE. The UE sends the report in configured PUCCH resources.
ii) For aperiodic report, the UE is expected to report RSRP/RSSI when asked by the gNB using DCI. The UL resources for sending the report are provided by the gNB.  The UE sends the report in configured PUSCH resources.
Alt. 1 gives the provision to measure and report CLI explicitly. Also, it allows to identify aggressor UEs since RSRP can be measured and reported. Thus, it as our preferred option. However, we remain open to discussing Alt. 2 as well. It's worth noting that Alt. 3 incorporates elements from both Alt. 1 and Alt. 2, making it a comprehensive solution. Therefore, we are inclined to support Alternate 3 in order to leverage the benefits offered by the combination of both alternatives.

Observation 6: Alt. 1 gives the provision to measure and report CLI explicitly. Also, it allows to identify aggressor UEs since RSRP can be measured and reported.  Alt. 3 incorporates elements from both Alt. 1 and Alt. 2.

Proposal 6: For L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework, downselect Alt.3.

Further, the following conclusion was agreed in the previous meeting. 
	Conclusion
L1 based UE-to-UE CLI measurement and reporting based on event triggered based reporting are not considered for UE-to-UE CLI handling in Rel-19.



Also, the following was proposed in the previous meeting.
	Proposed Agreement
If L2 based UE-to-UE CLI measurement and reporting based on event triggered based reporting are supported for UE-to-UE CLI handling, the following are recommended to be specified
· Measurement resources
· Periodic or semi-persistent measurement resource, i.e., SRS or CLI-RSSI resource
· Measurement reporting
· Definition and configuration of triggering conditions for CLI reporting
· CLI reporting quantities, e.g., SRS-RSRP, CLI-RSSI, RS indexes
· Notification to the gNB about CLI measurement reporting
· MAC CE for CLI measurement report [RAN2]
· CLI measurement accuracy requirement [RAN4]



For L2 based UE-to-UE CLI measurement and reporting based on event triggered based reporting, the UE reports L2 RSRP/RSSI only when the RSRP/RSSI value goes above the threshold condition which is configured by the gNB and the condition can be threshold RSSP/RSSI value. The UE can measure the CLI on periodic resources. Whenever the RSRP/RSSI goes above the given threshold, the UE is expected to report RSRP/RSSI according to the configuration given by the gNB. This information can be provided using RRC. Once the CLI level crosses the predefined threshold, the UE can send the scheduling request to gNB for reporting resources. Based on the request, the gNB allocates the necessary reporting resources to the UE. Subsequently, the UE utilizes these allocated resources to transmit the report. 
Based on the above discussion, the following is proposed:
Proposal 7: Support L2 based event triggered UE-to-UE CLI measurement and reporting.
2.4 Schemes specific for SBFD
In the RAN1#116 meeting [3], the following was agreed.
	Agreement
For SBFD aware UEs, CLI measurements is performed within the active DL BWP and the following can be considered
· Method#1: UE measures RSSI within DL subband
· Method#2: UE measures RSRP of aggressor UE within UL subband
· Method#3: UE measures RSSI within UL subband
· Method#4: UE measures RSSI within guard band, if guard band exists
Note: If DL subband, UL subband or guard band is outside the active DL BWP, the above methods does not apply.
Note: Method#4 does not imply that guard band is explicitly configured.


When SBFD is enabled in the network, the UE-UE CLI is from the transmissions in uplink subband from one UE to the receptions in downlink subband of another UE. Hence, a victim UE needs to measure the CLI in its downlink subband that comes from the transmissions in the uplink subband by another UE. In the case of RSSI measurement, RSSI resources can be provided in the downlink subband where the UE can measure the CLI. Also, the RSSI resources are restricted only within the downlink subband. 
However, RSSI is only a measurement of the CLI strength. It will not provide any information about the aggressor UE. To know the aggressor UE ID, RSRP on SRS needs to be measured. However, the aggressor UE transmits the SRS in the uplink subband. Thus, to measure RSRP, the victim UE needs to receive and measure in the UL SB. The reporting of CLI can be done in the following ways:
· The UE reports RSRP measured in the uplink subband.
· The UE reports a CLI metric for the downlink subbands that is derived from the RSRP measured in the uplink subband.
For the second option, the UE should be capable of deriving the  CLI metric for the downlink subbands from the  RSRP measured in the uplink subband. This might require a capability to be reported from the UE side.
Based on the above discussion, the following are proposed.
Proposal 8: Support UE-to-UE CLI RSSI measurement where the RSSI resources are restricted only within DL subband overlapping with the DL BWP.
Proposal 9: For UE-to-UE CLI RSRP measurement, the reporting of CLI can be done in the following ways:
· The UE reports RSRP measured in the uplink subband
· The UE reports a CLI metric for the downlink subbands that is derived from the RSRP measured in the uplink subband. This is based on a UE capability to  derive the  CLI metric for the downlink subbands from the  RSRP measured in the uplink subband.
Further, Section 6.2 of TR 38.858 contains the following:
	For UE-to-UE CLI-RSSI measurement/report across downlink subbands, the following methods are studied. Note that Alt #1 and Alt #2 are supported in existing specifications.
· Alt #1: separate CLI-RSSI measurement resources/reports in each DL subband
· Alt #2: CLI-RSSI measure/report in one DL subband only
· Alt #3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands


For UE-to-UE CLI-RSSI measurement/report across downlink subbands, Alt #1 and Alt #2 are already supported in the existing specification. CLI-RSSI can be measured/reported in one downlink subband only if it is assumed that the downlink subbands are symmetrical, which might not always be the case. Thus, in our view, separate CLI-RSSI measurement resources/reports should be supported in each downlink subband.
Proposal 10: For UE-to-UE CLI RSSI measurement, support separate CLI-RSSI measurement resources and reports in each downlink subband.
For the measurement of the CLI RSSI on each Rx beam, the same CLI RSSI resources can be transmitted repeatedly by the aggressor UE using the same Tx beam. This can be done over consecutive OFDM symbols in the time domain. The victim UE can be configured by the gNB to perform Rx beam sweeping, enabling it to measure the CLI level on each Rx beam. Subsequently, based on the CLI strength measured on each Rx beam, the serving gNB of the victim UE can make decision regarding DL beam for transmission.
Proposal 11: Support repetition of CLI RSSI resources for UE-to-UE CLI measurement for allowing UE to measure CLI-RSSI on different receive beams.

3.  Conclusion
The following observations and proposals are made in the contribution:
Observation 1: Rel. 16 CLI management does not specify relevant information exchange among gNBs for UE-to-UE CLI management, e.g., SRS configuration parameters.

Proposal 1: Relevant information exchange, e.g. SRS configuration parameter among gNBs is supported for efficient UE-to-UE CLI management.

Observation 2:  In case of partial overlap of BWPs, the victim UE receives only a part of the SRS transmitted by the aggressor UE for measurement of CLI RSRP leading to mismatch in how the SRS sequence is filled by the aggressor and how SRS sequence is interpreted by the victim.

Observation 3: When aggressor and victim UE are operating at different numerology, discrepancy arises in the transmitted and received SRS numerologies that will affect the accuracy of CLI RSRP measurement.

Proposal 2: Further study the following SRS related information exchange between gNBs for efficient UE-to-UE CLI measurement: a. Numerology of transmission of SRS and b.  A reference point for CLI RSRP measurement.

Observation 4: In Rel. 16, the gNB cannot configure a UE to measure/report CLI using beam sweeping/ different Rx beams.

Proposal 3: Support gNB configuring different Rx beams for UE-to-UE CLI RSSI/RSRP measurement.

Observation 5: Rel. 16 UE-to-UE CLI does not support SRS with dedicated usage for CLI measurement. 

Proposal 4: Support SRS with dedicated usage for CLI measurement.

Proposal 5: Support separate UE-to-UE CLI measurement report corresponding to different receive beams.

Observation 6: Alt. 1 gives the provision to measure and report CLI explicitly. Also, it allows to identify aggressor UEs since RSRP can be measured and reported.  Alt. 3 incorporates elements from both Alt. 1 and Alt. 2.

Proposal 6: For L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework, downselect Alt.3.

Proposal 7: Support L2 based UE-to-UE CLI measurement and reporting based on event triggered reporting.

Proposal 8: Support UE-to-UE CLI RSSI measurement where the RSSI resources are restricted only within DL subband overlapping with the DL BWP.

Proposal 9: For UE-to-UE CLI RSRP measurement, the reporting of CLI can be done in the following ways:
· The UE reports RSRP measured in the uplink subband
· The UE reports a CLI metric for the downlink subbands that is derived from the RSRP measured in the uplink subband. This is based on a UE capability to  derive the  CLI metric for the downlink subbands from the  RSRP measured in the uplink subband.

Proposal 10: For UE-to-UE CLI RSSI measurement, support separate CLI-RSSI measurement resources and reports in each downlink subband.

Proposal 11: Support repetition of CLI RSSI resources for UE-to-UE CLI measurement for allowing UE to measure CLI-RSSI on different receive beams.
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