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Introduction
In RAN#102 meeting, a new Work Item (WI) entitled “Evolution of NR duplex operation: Sub-band full duplex (SBFD)” was agreed [1], with the following objectives:
	The objectives are as follows:
· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
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· Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators
· 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. 
· Specify BS RF requirements for SBFD operation at gNB [RAN4]
· Specify applicable RRM core requirements for co-channel CLI handling mechanisms [RAN4]
· Specify other RRM core requirements for SBFD operation, if identified [RAN4]



In RAN1#116 meeting, the following agreements regarding the CLI handling were made [2]:
	Agreement
Consider the following candidate gNB-to-gNB co-channel CLI handling schemes for further down-selection
· gNB-to-gNB co-channel CLI and/or channel measurements
· Spatial domain based schemes
· Beam nulling
· Beam pairing
· Coordinated scheduling in time and/or frequency
· Power control based schemes
· gNB Tx power control
· UE Tx power control
Note: gNB-to-gNB co-channel CLI and/or channel measurements can be the enablers for some of the above CLI handling schemes.

Agreement
gNB Tx power control based schemes are not considered in the down-selection of gNB-to-gNB co-channel CLI handling schemes.

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.

For future meetings
Companies are to refer to Proposal 2-2a (gNB-gNB CLI handling) and Proposal 3-2a (UE to UE CLI handling) in R1-2401635 for future meetings. Companies are encouraged to provide additional details on potential spec impact and operational details of their preferred CLI handling scheme for further down-selection in RAN1#116bis.



Based on the above WI objectives and the agreements in RAN1#116 meeting, this contribution presents our respective views on UE-to-UE co-channel CLI handling and gNB-to-gNB co-channel CLI handling.

UE-to-UE co-channel CLI handling
CLI measurement and reporting
In Rel-16, WI on CLI handling and Remote Interference Management (RIM) to facilitate dynamic TDD in NR was carried out. The WI focused on UE-to-UE CLI handling schemes aiming to address the case where uplink (UL) transmission from a UE in a cell causes CLI to downlink (DL) reception of some other UEs in neighboring cells. For Rel-16 CLI handling, two CLI measurement quantities, CLI-RSSI and SRS-RSRP, were specified. For CLI-RSSI measurement, the victim UE measures the total received power over the configured CLI-RSSI measurement resource. For SRS-RSRP measurement, the victim UE measures the RSRP over configured SRS resource(s) which is/are transmitted from one or multiple aggressor UE(s). Then, layer 3 (L3) filtering can be applied to both CLI-RSSI and SRS-RSRP measurements. For both CLI-RSSI measurement reporting and SRS-RSRP measurement reporting, event-triggered and periodic reporting are supported.
Likewise, in SBFD operation, DL performance is significantly affected by UE-to-UE CLIs, especially by intra-cell UE-to-UE CLI. As illustrated in Figure 1, UE1's DL performance experiences considerable degradation when UE2, causing intra-cell UE-to-UE CLI to UE1, is positioned nearby. To mitigate this issue, similar to the Rel-16 UE-to-UE CLI handling, both RSSI and RSRP can be considered as CLI measurement quantities for UE-to-UE CLI measurement in SBFD operation. For CLI reference signal (CLI-RS), at least SRS should be taken into account. This is because to measure the RSRP and channel for UE-to-UE CLI, timing alignment between the aggressor UE and victim UE may be necessary for some cases, details of which will be explained in Section 2.2. In addition, the timing misalignment between two UEs varies due to the movement of the aggressor UE and victim UE. By utilizing SRS as CLI-RS, it can be used for estimating timing differences, thereby overcoming the inaccuracy of measuring CLI RSRP/channel when the timing difference is larger than the configured cyclic prefix (CP) length.
Proposal 1: For UE-to-UE CLI handling in SBFD operation, both RSSI and RSRP can be considered as CLI measurement quantities, and for CLI reference signal (CLI-RS), at least SRS should be introduced for its ability to estimate timing difference.
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[bookmark: _Ref159256677]Figure 1 Intra-/inter-cell UE-to-UE CLI and timing misalignment issues.

Meanwhile, as we discussed during the Rel-18 Study Item (SI) [3], since rapid CLI measurement and reporting schemes are beneficial for gNB scheduling of intra-cell DL UE and UL UE pair for SBFD operation, the existing Rel-16 L3-filtering-based CLI measurement and reporting is not appropriate. the L1/L2-based UE-to-UE CLI measurement and reporting, on the other hand, can reduce latency. Therefore, the L1/L2-based UE-to-UE CLI measurement and reporting should be prioritized.
Proposal 2: L1/L2-based UE-to-UE CLI measurement and reporting should be prioritized, as it facilitates gNB scheduling of intra-cell DL UE and UL UE pair for SBFD operation and reduces latency.

As depicted in Figure 1, there are two types of UE-to-UE CLI: intra-cell UE-to-UE CLI and inter-cell UE-to-UE CLI. To enable a victim UE to accurately measure intra-cell UE-to-UE CLIs from aggressor UEs within the same cell or potential inter-cell UE-to-UE CLIs from aggressor UEs in neighboring cells, it's crucial to configure SRS resource(s) for UE-to-UE CLI measurement to be cell-specific as the baseline. For instance, gNBs with different cell IDs configure cell-specific SRS resource(s) to their UEs, ensuring non-overlapping SRS resource(s) among the cells. Using such SRS resource(s) allows a victim UE within a cell to measure the RSRP/RSSI of aggregated intra-cell UE-to-UE CLIs of aggressor UEs within its own cell, as well as the RSRP/RSSI of aggregated inter-cell UE-to-UE CLIs of aggressor UEs within neighboring cells. Subsequently, the victim UE reports the measurements on intra-cell UE-to-UE CLIs to its serving cell, allowing the serving gNB to consider them for resource allocation of its serving UEs, including the victim and aggressor UEs, thereby facilitating intra-cell UE-to-UE CLI mitigation. Additionally, the gNB may share the inter-cell UE-to-UE CLI measurement results with neighboring aggressor gNBs in order to address the inter-cell UE-to-UE CLIs.
Proposal 3: SRS resource(s) for UE-to-UE CLI measurement should be configured to be cell-specific as the baseline.

[bookmark: _Ref163237404]Timing misalignment issues
RSRP and RSSI are representative quantities of the signal strength quality used in the 3GPP systems, and how the UE should calculate RSRP and RSSI is defined in 3GPP specifications [4]. The definitions for SRS-RSRP and CLI-RSSI introduced in Rel-16 are also specified in [4]. In the case of RSSI measurement, as outlined in [3], a victim UE may measure RSSI within the active DL BWP, which may include DL and UL subband(s), and the UE does not have to perform accurate timing synchronization with the aggressor UE for CLI measurement. In contrast, in the case of RSRP measurement, the victim UE must perform some degree of demodulation and processing, which requires accurate timing synchronization with aggressor UE(s). This also holds true for channel measurement using CLI-RS. 
Therefore, for instance, in a scenario depicted in Figure 1, where the UE (UE2 in the figure) sending CLI-RS and the UE (UE1 in the figure) receiving it are physically close but both are far away from the gNB, timing misalignment may occur. In this case, as the CLI-RS sent by the UE2 may fall outside the reception timing boundary of the UE1, it is impossible for UE1 to accurately measure RSRP or the CLI channel within its DL reception timing. This impact becomes more significant when the UEs are configured with a higher numerology that has a shorter cyclic prefix (CP) length as the shorter CP length is vulnerable to timing misalignment. In particular, when using FR2 bands, the subcarrier spacing (SCS) must be set to be equal to or greater than 60 kHz, which means the CP length of OFDM symbols is very small. For instance, when the SCS is 60 kHz, the CP length is 1.17μs. In this case, if the propagation delay exceeds the CP length, it will result in inaccurate RSRP and channel measurements. Therefore, to ensure accurate measurement using CLI-RS, it is necessary to consider adjusting the aggressor UE’s transmission timing of CLI-RS and/or victim UE’s reception timing of CLI-RS.
Observation 1: to ensure accurate RSRP and channel measurement using CLI-RS, it is necessary to consider adjusting the aggressor UE’s transmission timing of CLI-RS and/or victim UE’s reception timing of CLI-RS.

If we were to introduce a timing alignment mechanism, there would be a need to consider the following aspects additionally. Before a victim UE measures the RSRP of UE-to-UE CLI from an aggressor UE, the victim UE should acquire reception timing for UE-to-UE CLI measurement, which may be different from the victim UE’s DL reception timing. If DL reception and CLI measurement do not occur simultaneously, there isn't a significant issue. However, when they happen concurrently, the victim UE faces difficulty in accurately performing either CLI measurement or DL reception. Hence, it is necessary to investigate whether any additional specification impacts (e.g., timing synchronization between victim UE and aggressor UE for CLI-RSRP measurement, victim UE’s two different reception timings for CLI-RS and DL).
Proposal 4: It is necessary to investigate specification impacts for timing alignment issues for UE-to-UE CLI measurement and reporting (e.g., timing synchronization between victim UE and aggressor UE for CLI-RSRP measurement, victim UE’s two different reception timings for CLI-RS and DL) and include it as a potential specification impact in the table (Proposal 3-2a) where applicable.

gNB-to-gNB co-channel CLI handling
Power control-based schemes
During the RAN1#116 meeting, it was first agreed to consider several candidate gNB-to-gNB co-channel CLI handling schemes, including gNB Tx power control and UE Tx power control schemes, for further down-selection. However, during the subsequent discussion, it was further agreed to remove the gNB Tx power control-based schemes due to their negative impact on DL performance (e.g., reduced cell coverage). Similarly, in our view, UE Tx power control schemes should not be listed as a candidate scheme. While UE Tx power control can boost UL power to enhance UL SINR at gNB in the presence of gNB-to-gNB co-channel CLI, it does not fundamentally address gNB-to-gNB co-channel CLI from aggressor gNBs. Moreover, increasing UE Tx power may lead to increased UE-to-UE CLI, thereby degrading downlink performance.
Proposal 5: We propose not to consider UE Tx power control-based schemes in the down-selection of gNB-to-gNB co-channel CLI handling schemes.

CLI-RS and information exchange between gNBs 
In the Rel-18 SI, discussions have focused on gNB-to-gNB co-channel CLI measurement and channel measurement based on NZP CSI-RS/SSB. Figure 2 depicts an example of the UL performance of gNB 2 (i.e., victim gNB) is degraded by the gNB-to-gNB CLI from gNB 1 (i.e., aggressor gNB). Ensuring accurate gNB-to-gNB CLI measurement is crucial for effective mitigation of UL performance degradation. While utilizing CD-SSBs for CLI measurements is one feasible approach, the presence of overlapping resources among neighboring gNBs may require muting or skipping CD-SSBs, which might have potential impacts on initial access, cell search, and RRM measurements. To address this, NCD-SSBs allocated to neighboring gNBs can be leveraged for additional CLI measurements at victim gNBs.
Proposal 6: SSB dedicated to gNB-to-gNB co-channel CLI measurement (e.g., NCD-SSB) can be considered.

[image: ]
[bookmark: _Ref159260220]Figure 2 gNB-to-gNB CLI and timing misalignment issues.

To enable gNB-to-gNB CLI measurement, coordination between the aggressor gNB and potential victim gNBs is essential. The aggressor gNB can achieve this by sharing the configuration information of CLI-RSs with potential victim gNBs via the backhaul (e.g., Xn). Then, the victim gNBs can perform gNB-to-gNB CLI measurement on the reference signals and report information regarding high-interference RS resources back to the aggressor gNB via the backhaul or the core network.
Proposal 7: It is necessary to support information exchange between gNBs to share configuration information (e.g., reference signal configuration) for gNB-to-gNB CLI measurement. 

Timing misalignment issues
Similar to the UE-to-UE CLI measurement discussed earlier, this scenario also encounters timing misalignment issues as depicted in Figure 2. When the timing misalignment due to the propagation delay exceeds the CP length, the UL reception timing and the reception timings of aggressor gNBs’ DL are different for a victim UE. In this case, if a victim gNB performs gNB-to-gNB CLI and/or channel measurement without acquiring accurate reception timings of aggressor gNBs’ DL, it will result in CLI measurement inaccuracies at victim gNBs. To address this, using SSBs can be an option for the victim gNB to estimate accurate DL reception timings from aggressor gNBs to ensure precise CLI measurements. However, similar to the case in UE-to-UE CLI measurement, if the UL reception occurs simultaneously with the CLI measurement and their timings are different, the victim gNB's baseband processing struggles with timing misalignment. 
Regarding the timing misalignment, the distinguishing characteristics of gNB-to-gNB CLI cases in contrast to the UE-to-UE CLI case are as follows:
· The timing misalignment between two gNBs tends to be significant, primarily due to their greater physical separation compared to the physical separation of two UEs in the UE-to-UE CLI measurement scenario.
· The timing variance is relatively constant, attributed to the fixed positions of the gNBs. Therefore, the timing alignment between the two gNBs can be conducted at a low frequency.  
Proposal 8: It is necessary to discuss the timing misalignment between victim gNB’s UL reception timing and reception timings of CLI-RS from aggressor gNBs and include it as a potential specification impact in the table (Proposal 2-2a) where applicable.
Observation 2: Timing alignment between the two gNBs for gNB-to-gNB CLI and/or channel measurement can be conducted at a low frequency.

Summary
In this contribution, the following observations and proposals were made for CLI handling for SBFD operation.
Observation 1: to ensure accurate RSRP and channel measurement using CLI-RS, it is necessary to consider adjusting the aggressor UE’s transmission timing of CLI-RS and/or victim UE’s reception timing of CLI-RS.
Observation 2: Timing alignment between the two gNBs for gNB-to-gNB CLI and/or channel measurement can be conducted at a low frequency.

Proposal 1: For UE-to-UE CLI handling in SBFD operation, both RSSI and RSRP can be considered as CLI measurement quantities, and for CLI reference signal (CLI-RS), at least SRS should be introduced for its ability to estimate timing difference.
Proposal 2: L1/L2-based UE-to-UE CLI measurement and reporting should be prioritized, as it facilitates gNB scheduling of intra-cell DL UE and UL UE pair for SBFD operation and reduces latency.
Proposal 3: SRS resource(s) for UE-to-UE CLI measurement should be configured to be cell-specific as the baseline.
Proposal 4: It is necessary to investigate specification impacts for timing alignment issues for UE-to-UE CLI measurement and reporting (e.g., timing synchronization between victim UE and aggressor UE for CLI-RSRP measurement, victim UE’s two different reception timings for CLI-RS and DL) and include it as a potential specification impact in the table (Proposal 3-2a) where applicable.
Proposal 5: We propose not to consider UE Tx power control-based schemes in the down-selection of gNB-to-gNB co-channel CLI handling schemes.
Proposal 6: SSB dedicated to gNB-to-gNB co-channel CLI measurement (e.g., NCD-SSB) can be considered.
Proposal 7: It is necessary to support information exchange between gNBs to share configuration information (e.g., reference signal configuration) for gNB-to-gNB CLI measurement. 
Proposal 8: It is necessary to discuss the timing misalignment between victim gNB’s UL reception timing and reception timings of CLI-RS from aggressor gNBs and include it as a potential specification impact in the table (Proposal 2-2a) where applicable.
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