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1. [bookmark: _Ref521334010]Introduction
In RAN#102 meeting, the WID on Evolution of NR Duplex Operation was agreed[1]. The objectives for CLI handling are as follows:

Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 
According to the WID, the CLI handling scheme(s) are to be down-selected from those in TR38.858 by RAN1#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. Further, the contribution also discusses the CLI handling schemes for subband non-overlapping full duplexing (SBFD).
2.  UE-to-UE co-channel CLI management
2.1 Enhancements related to UE and gNB transmission and reception timing
Section 8.4.1 of TR 38.858 contains the following:
	For UE-to-UE co-channel CLI measurement, RAN1 studies the impact on system performance because of CLI measurement inaccuracy at victim UE due to misalignment between DL reception timing at victim UE of DL channel/signal transmitted from serving gNB and DL reception timing at victim UE of CLI measurement resource transmitted from aggressor UE(s).



According to Rel. 16 SRS-RSRP measurement, victim UE performs CLI measurement on sounding reference signal (SRS) transmitted from the aggressor UE. The victim UE shifts its receiving boundaries by a constant implementation specific offset while receiving the SRS.  As per 38.133 [2],
the time difference between UE’s DL reference timing in the serving cell and SRS arrival time is no larger than Terror_SRS_RSRP, where
-	Terror_SRS_RSRP = TC × NTA_offset + 4.67us for FR1 
-	Terror_SRS_RSRP = TC × NTA_offset + 3.67us for FR2 
-	NTA_offset is defined in Table 7.1.2-2
-	TC is 0.509ns
As illustrated in Fig 1A, the SRS symbol is transmitted from UE 2 (aggressor UE) with some timing advance (TA). UE2 is served by gNB 2. The transmission boundary of gNB 2 is also shown in the figure. In Fig. 1B, the SRS is received at UE 1 (victim UE), which is served by gNB 1, after a propagation delay of ‘t’ in case of an ideal scenario. Here, UE 1 has adjusted its reception boundaries to match with the transmission boundaries of its serving gNB (gNB 1). This adjustment is possible since UE 1 knows its own TA and  NTA_offset. Also, it is assumed that gNB 1 and gNB 2 are perfectly synchronized and hence the transmission boundary of gNB1 and gNB2 are same. In this case, the full SRS sequence can be received by UE 1 since the misalignment in reception is within the CP duration as shown in Fig. 1B. However, in practical scenarios, there is a synchronization error (max 4.67us for FR1 and 3.67us for FR2) between gNB 1 and gNB 2 which is unknown at UE 1.  This is illustrated in Fig 1C. Hence, the reception boundary at UE 1 still remains misaligned by a factor of the synchronization error even after adjustment. Thus, the misalignment in SRS reception by UE1 goes beyond the CP duration resulting in loss of information, especially in cases of small CP duration.  This will degrade the RSRP measured by the UE. 
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Fig. 1 Transmission and reception boundaries of SRS at aggressor and victim UEs with and without gNB synchronization error
Observation 1: In Rel. 16 UE-to-UE CLI management, timing adjustment is left to Rx UE implementation.
Observation 2: Factors like synchronization errors between gNB, smaller CP length in higher numerologies, higher propagation delay between the UEs and implementation specific adjustment of reception timing causes the misalignment to go beyond CP duration while measuring the CLI on Rel. 16 SRS as both the UEs are not time synchronized. This will degrade the CLI measurement accuracy.
Proposal 1: Support enhancements related to UE and gNB transmission and reception timing since it impacts the CLI measurement accuracy.
An accurate CLI measurement can provide certain benefits like be used by the UE in an implementation specific way to suppress the CLI or can be used by the gNB to accurately classify the aggressors based on their CLI strength. 
Further, the victim UE might be receiving SRS from multiple aggressor UEs. Thus, the victim UE cannot be expected to make Rx timing adjustment that is optimum wrt all the aggressor UEs. Also, timing adjustment at aggressor UE side will be an issue in case of multiple victim UEs receiving the SRS from one aggressor. Thus, any enhancements related to UE and gNB transmission and reception timing should consider this factor. 
Observation 3: Timing adjustment for transmission or reception of SRS by aggressor and victim UE respectively will restrict SRS RSRP measurement in scenarios with multiple aggressor and victim UEs.
Proposal 2:  Support enhancements related to UE and gNB transmission and reception timing such that UE specific timing adjustment is not required for transmission or reception of SRS by aggressor and victim UE respectively.
2.2 Relevant information exchange between gNBs for UE-UE CLI management
Section 8.4.1 of TR 38.858 contains the following:
	RAN1 studies the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD. At least followings are included:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB



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. Further, other relevant information like SBFD configuration can also be exchanged among the gNBs for better coordination among the cells to manage CLI. 
Thus, additional information exchange will help in better inter-cell UE-UE CLI management, (e.g., SRS configuration information, SBFD configuration etc.) in terms of better coordination across gNBs and better CLI measurement accuracy.
Observation 4: Rel. 16 CLI management does not specify relevant information exchange among gNBs for UE-to-UE CLI management, e.g., SRS configuration parameters.
Proposal 3: Relevant information exchange among gNBs is supported for efficient UE-to-UE CLI management.
2.3 Spatial domain enhancements
Section 8.4.1 of TR 38.858 contains the following:
	RAN1 studies the feasibility and potential benefit of UE-to-UE co-channel CLI handling based on spatial domain coordination method, which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic /flexible TDD. In the study, at least followings are included:
· Details for spatial domain coordination by gNB
· Relevant information exchange (if needed)
Note: Study can include method for FR1 and FR2



In Rel. 16 UE-UE CLI management framework, beam specific CLI measurement 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 5: In Rel. 16, the gNB cannot configure a UE to measure/report CLI using beam sweeping/different Rx beams.

To enable this, the serving gNB can configure the victim UE to perform beam sweeping while receiving the CLI RS. This will allow the victim UE to get an idea about the direction of the incoming signal in terms of beam. In this scenario, the serving gNB of the victim UE configures the victim UE to measure CLI RS using different beams for reception. The victim UE performs beam sweeping as configured by the serving gNB, measures the CLI RS on each beam and reports the measurements of at least one beam to the serving gNB. E.g., the victim UE can report the measurements on a subset of beams for which the CLI metric is the strongest. Further, the CLI report can be provided for a subset of receive beams or all the receive beams. If the report is for a single receive beam, then it can be selected based on some criterion like the beam with the least CLI is reported. For multi beam report, an order of reports is defined. E.g., the beams are reported with decreasing order of CLI. The report can also be provided for a subset of transmit beams or all the transmit beams where each transmit beam is the beam in which the aggressor UE transmits the SRS. The same SRS resource can be repeated over multiple time domain symbols and transmitted using different beams. If the report is for a single transmit beam, then it can be selected based on some criterion like the beam with the least CLI is reported. For multi beam report, an order of reports is defined. E.g., the beams are reported with decreasing order of CLI. Based on the above discussion, the following proposals are made.

Proposal 4: Support gNB configuring different Rx beams for UE-to-UE CLI measurement.
Proposal 5:  Support separate UE-to-UE CLI measurement report corresponding to different receive beam configurations.
2.4 L1/L2 based UE-UE CLI measurement and reporting
Section 8.4.1 of TR 38.858 contains the following:
	For L1/L2 based UE-to-UE co-channel CLI measurement and reporting mechanism, the following measurement and report framework are studied.
· Use existing CSI framework as the baseline.
· Others are not precluded.

From the study of UE-to-UE co-channel CLI measurement and reporting, followings are observed:
· The L1/L2 based UE-to-UE CLI measurement can be optimized for short term interference measurement
· The L1/L2 based UE-to-UE CLI measurement can be optimized for low latency 
· The L1/L2 based UE-to-UE CLI measurement and reporting can facilitate gNB adjusting UE scheduling for inter-UE CLI reduction
Above does not imply that L3 based measurement and reporting cannot be used for similar purposes.
The potential specification impact to support enhancements to inter-UE CLI measurement resources and reporting:
· For L1/L2 UE-to-UE CLI reporting, periodic and/or semi-persistent and/or aperiodic reporting.
· For L1/L2 UE-to-UE CLI measurement, periodic and/or semi-persistent and/or aperiodic measurement resource.



TR 38.858 captures the benefits of L1/L2 based UE-to-UE CLI measurement. In our view, L1 based  UE-to-UE CLI measurement and reporting should be good enough to capture the short term CLI with low latency. This will allow the gNB to dynamically schedule UEs for inter-UE CLI reduction. In the case of L3 measurement and reporting, the latency of measurement and reporting will be increased at the UE and gNB side. Thus, the instantaneous CLI cannot be captured by the network. Further, an L1 based UE-to-UE CLI measurement and reporting procedure can be developed with the existing CSI framework as the baseline that can help to reduce the specification impacts and at the same time provide the advantages of L1 based UE-to-UE CLI measurement and reporting. 

Observation 6: In case of L3 measurement and reporting of UE-to-UE CLI, the latency of measurement and reporting will be increased at the UE and gNB side.
Proposal 6: Support L1 based UE-to-UE CLI measurement and reporting.
2.5 Schemes specific for SBFD
Section 6.2 of TR 38.858 contains the following:
	For inter-UE inter-subband CLI measurement, at least the following methods are studied:
-	Method#1: victim UE measures RSSI within DL subband
-	Method#2: victim UE measures RSRP of aggressor UE within UL subband
-	Method#3: victim UE measures RSSI within UL subband 
-	Note: the restriction in Rel-16 that CLI is only measured within DL BWP does not forbid UE to measure CLI in UL subband when UL subband is confined within DL BWP.
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


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. The RSSI resources can be allocated in the following ways:
· The RSSI resources are restricted only within the downlink subband. 
· The RSSI resources can span across the downlink subband and the guard bands. 
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.
Based on the above discussion, the following are proposed.
Proposal 7: Support the following for UE-to-UE CLI RSSI measurement
· victim UE measures RSSI within DL subband 
· victim UE measures RSRP of aggressor UE within UL subband

Proposal 8: For UE-to-UE CLI RSSI measurement, the RSSI resources can be allocated in the following ways:
· The RSSI resources are restricted only within the downlink subband
· The RSSI resources can span across the downlink subband and the guard bands. 

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.
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/reports in each downlink subband.

3.  Conclusion
The following observations and proposals are made in the contribution:
Observation 1: In Rel. 16 UE-to-UE CLI management, timing adjustment is left to Rx UE implementation.
Observation 2: Factors like synchronization errors between gNB, smaller CP length in higher numerologies, higher propagation delay between the UEs and implementation specific adjustment of reception timing causes the misalignment to go beyond CP duration while measuring the CLI on Rel. 16 SRS as both the UEs are not time synchronized. This will degrade the CLI measurement accuracy.
Proposal 1: Support enhancements related to UE and gNB transmission and reception timing since it impacts the CLI measurement accuracy.
Observation 3: Timing adjustment for transmission or reception of SRS by aggressor and victim UE respectively will restrict SRS RSRP measurement in scenarios with multiple aggressor and victim UEs.
Proposal 2:  Support enhancements related to UE and gNB transmission and reception timing such that UE specific timing adjustment is not required for transmission or reception of SRS by aggressor and victim UE respectively.
Observation 4: Rel. 16 CLI management does not specify relevant information exchange among gNBs for UE-to-UE CLI management, e.g., SRS configuration parameters.
Proposal 3: Relevant information exchange among gNBs is supported for efficient UE-to-UE CLI management.
Observation 5: In Rel. 16, the gNB cannot configure a UE to measure/report CLI using beam sweeping/different Rx beams.
Proposal 4: Support gNB configuring different Rx beams for UE-to-UE CLI measurement.
Proposal 5:  Support separate UE-to-UE CLI measurement report corresponding to different receive beam configurations.
Observation 6: In case of L3 measurement and reporting of UE-to-UE CLI, the latency of  measurement and reporting will be increased at the UE and gNB side.
Proposal 6: Support L1 based UE-to-UE CLI measurement and reporting.
Proposal 7: Support the following for UE-to-UE CLI RSSI measurement
· victim UE measures RSSI within DL subband 
· victim UE measures RSRP of aggressor UE within UL subband

Proposal 8: For UE-to-UE CLI RSSI measurement, the RSSI resources can be allocated in the following ways:
· The RSSI resources are restricted only within the downlink subband
· The RSSI resources can span across the downlink subband and the guard bands. 
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.
Proposal 10: For UE-to-UE CLI RSSI measurement, support separate CLI-RSSI measurement resources/reports in each downlink subband.
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