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Introduction
In Rel-19, a work item on evolution of NR duplex operation for Sub-band full duplex (SBFD) was approved and updated [1], where the objectives identified for the work item 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
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded
· Specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode [RAN1, RAN2]
· Study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [RAN1, RAN2]
· RAN#104 to check whether to proceed normative work
· [bookmark: _Hlk153407590]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol
· 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 CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE 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 CLI handling mechanisms [RAN4]
· Specify other RRM core requirements for SBFD operation, if identified [RAN4]
· Note: RAN3 will not specify enhancements to network signalling to support inter-operator coordination for CLI handling



In this contribution, we discuss enhancements on CLI handling schemes as outlined in TR38.858 [2] for both gNB-to-gNB and UE-to-UE co-channel CLI handling.
Discussions
NR supports dynamic/flexible time division duplex (TDD) based on a slot format indicator (SFI) that can be indicated to a group of UEs by a group-common (GC) DCI (format 2_0). In addition, semi-static configurations via tdd-UL-DL-config-common/dedicated can be configured, where the transmission pattern for each slot/symbol can be configured as either of ‘D’ as downlink, ‘U’ as uplink, and ‘F’ as flexible.
Up to NR Rel-18, most practical assumptions for duplexing are half duplex (HD) for both gNB and UE. In Rel-19, enhancements to support full duplex (FD) at least for gNB were proposed and endorsed as the work item, see Figure 1. Moreover, subband non-overlapping FD (SBFD), as illustrated in Figure 2, has been identified as a promising approach, since it offers greatly reduced FD implementation complexity in terms of cancelling self-interference (SI) and mitigating cross-link interference (CLI), at least, at the gNB side.
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Figure 1. Illustration on NR TDD framework based on FD-gNB and HD-UEs in a cell
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Figure 2. Illustration on SBFD configurations including DL/UL subbands

UE-to-UE CLI Handling
In RAN1 #116 [4], following agreement was made regarding UE-to-UE CLI handling:
	Agreement
Consider the following candidate UE-to-UE co-channel CLI handling schemes for further down-selection
· UE-to-UE co-channel CLI measurement and reporting
· Coordinated scheduling in time and/or frequency
· Spatial domain based schemes
· Power control based schemes
· Note: UE-to-UE co-channel CLI measurement and reporting can be the enablers for some of the above CLI handling schemes.



UE-to-UE Co-channel CLI Measurement and Reporting
In RAN1 #116-bis meeting [6], the issues on CLI handling schemes were discussed and following agreements were made:
	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 behaviours
· 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.

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.



L1-based UE-to-UE CLI measurement and reporting
Up to NR Rel-17, the UE-to-UE CLI measurements and reporting are based on long-term measurements and layer 3 filtering. As identified during Rel-18 NR-duplex study [2], Layer1(L1)/L2 based UE-to-UE CLI measurement can be optimized for short term interference measurement and low latency, which results in enhancing the CLI mitigation performance by providing accurate CLI measurement. Hence, the L1/L2 based UE-to-UE CLI measurement and reporting can facilitate gNB adjusting UE scheduling. However, the agreed alternatives only focus on L1-based measurements and reporting.
The L1 based CLI measurement could be configured based on sets of muted, unscheduled, and/or unused REs in DL resources, which can also be combined with a channel measurement to derive a SINR-type metric, enhancing the DL performance. For example, the resources for CLI measurement could be UE-specific or configured commonly for a set of UEs (e.g., UEs in proximity) based on a group-RNTI, zone-ID, etc. The L1 based CLI measurement and reporting could be configured as a CSI reporting quantity including the SINR-type metric and as part of CSI reporting settings.
Observation 1. L1-based UE-to-UE CLI measurement could be used for performance enhancement by properly accommodating short-term CLI nature, for facilitating gNB adjusting UE scheduling, and for low latency.
Proposal 1. Support CSI reporting framework as baseline for L1-based UE-to-UE CLI measurement and reporting. 
[L1 CLI measurement based on UL muting hypothesis]
UL muting is one of the proposed methods on gNB-to-gNB CLI handling. The UL muting configurations can be indicated via cell-common or group-common signalling, where the UEs that receive the indication do not transmit any scheduled, configured, or determined UL transmissions in the configured UL-muted time and frequency resources. 
In our opinion, a similar indication for UL silence or muting can be used by NW to configure the UEs to measure CLI in, for example CSI resources, in DL subbands that coincide in time with UL muting resources to assume the UL muting hypothesis as a part of L1 CLI measurement including deriving the SINR-type metric.
That is, the UEs that receive the indication of the UL silence or muting, could identify the symbols when the UL muting hypothesis is to be applied. So, the UE can perform a separate CLI-RSSI measurement for example in DL resources that coincide with the symbols, which can be separated from a CLI-RSSI measurement that is not assumed with the UL muting hypothesis.
The L1 CLI-RSSI measurement in DL subbands of the UL-muted symbols can be used for UEs in a group-based framework, where the UEs receive UL silence or muting configurations via a group indication. In this case, UEs could measure potential CLI, for example caused from UEs out of the configured group. Alternatively, in case of cell-common indication of UL silence or muting, the UEs can measure potential CLI-RSSI from neighbour cells. These additional measurements can be compared with the case of CLI measurements without UL muting hypothesis and can be reported to the network, e.g., for aiding gNB to identify a strong interferer either from the same cell or a neighbour cell. This can provide further benefits along with the L1 CLI measurement and reporting which reflects the short-term CLI nature with assuming different measurement hypothesis.
Proposal 2: Support UE to be configured with a flexible CLI measurement hypothesis for reporting, e.g., with or without cell-wise UL muting, to aid gNB to identify strong interferers either from the same cell or a neighbour cell, or based on a UE group.
Performance analysis on L1-based CLI measurement and reporting
We present SLS results investigating impact of UE-to-UE CLI measurement and reporting. For these simulations we focus on an outdoor UMa scenario that utilizes a clustered dropping of UEs, resulting in high UE-UE CLI. The simulation assumptions are based on those provided in section 7 of [3]. We considered three different SBFD schemes:
1. Scheme 1 - baseline SBFD (legacy without L1 based CLI enhancement)
2. Scheme 2 (L1-based CLI handling without CSI enhancement, with genie aided scheduling) – under this scheme UE reports L1-SRS-RSRP/L1-CLI-RSSI to the gNB, based on Alt.1 of the agreement, 
3. Scheme 3 (L1-based CLI handling with CSI enhancement utilizing a SINR-type metric) based on Alt.3 of the agreement. Scheme 3 captures the CLI in existing CSI report configuration/framework, allowing for use of CLI resources for IMR, which can then be captured in CQI, PMI, RI calculation – i.e., measurements on CLI-IMR are included in the interference measurement terms for CSI report. Additional details for this scheme can be found in [5]. 
The CLI measurement for schemes 2 and 3 is available at the gNB, allowing the gNB to utilize an interference aware scheduling scheme where uplink and downlink scheduling for SBFD subbands is done based on minimizing impact of UE-to-UE CLI.
From Table 1 we observe that at both low and medium load, both schemes 2 and 3 significantly outperform scheme 1. However, accounting for CLI in CSI report (scheme 3) doesn’t provide noticeable improvement in DL performance over scheme 2 at low load but shows 37% improvement over SBFD scheme 1. At increased load, however, use of this enhanced feedback does help further mitigate DL losses (over scheme 2) – utilizing implicit CLI information in the CSI report yields 4 % improvement over SBFD scheme 2 and 43% improvement over SBFD scheme 1. This is a result of the feedback accounting for impact of (UE-to-UE) CLI on DL UE performance leading to improving link adaptation, which provides the gNB with a more accurate estimate of UEs channel conditions, and the fact that as load increases the probability of CLI also increases, allowing the system to reap the benefit of this new information.  
			Table 1: Performance of CLI measurement and reporting schemes 
	Reported Parameters
	Low load
	Medium load

	
	TDD
	SBFD
	TDD
	SBFD

	
	
	Scheme 1
	Scheme 2
	Scheme 3
	
	Scheme 1
	Scheme 2
	Scheme 3

	DL UPT [Mbps]
	428.215

	265.15
(-38.08%)
	359.321
(-16.09%)
	362.636
(-15.31%)
	366.704

	196.71
(-46.36%)
	270.354
(-26.27%)
	281.637
(-23.19%)

	UL UPT 
[Mbps]
	78.904

	86.884
(+10.11%)
	87.913 
(+11.42%)
	88.013
(+11.54%)
	74.057
	78.511
(+6.01%)
	77.978
(+5.29%)
	78.311
(+5.74%)



Observation 2: Use of CLI measurement and reporting schemes can help the gNB schedule downlink and uplink UEs to reduce the effects of UE-to-UE CLI on downlink UE performance. 
Proposal 3. Support at least Alt.1 and Alt.3 in RAN1#116bis for L1-based UE-to-UE CLI measurement and reporting, where Alt.1 (Scheme 2) is essential for aggressor UE identification and Alt.3 (Scheme 3) further improves performance including link adaptation, based on utilizing a SINR-type metric for the CLI reporting. 

Coordinated Scheduling
In CLI handling schemes based on coordinated scheduling, NW handles the CLI by considering scheduling restrictions in SBFD slots. As such, NW schedules DL reception and UL transmission among different UEs based on measured and reported CLI parameters from the UEs. For example, if the victim UE is affected only by a specific aggressor UE, then NW can mitigate the interference by coordinated scheduling of the victim UE and the aggressor UE. In this section, different CLI measurement and reporting aspects at the victim UEs are provided. Also, methods for distinguishing aggressor UEs and potential CLI mitigation techniques at the aggressor UEs are discussed. 
CLI Measurement and Reporting Techniques
Subband-edge-specific CLI Measurement
In RAN1 #116, following agreement was made on UE CLI measurement within the active DL BWP:
	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.




This agreement is the follow up to the discussions in the study phase that were captured in TR, on different methods for measuring CLI at the UE. Method #1 is based on UE measuring RSSI within DL subband to detect and mitigate inter-subband CLI. Method #2 and Method #3 are based on UE measuring RSRP and RSSI, respectively, caused by at least one aggressor UE within UL subband. Method #4 is based on UE measuring RSSI within guard bands, if guard bands are configured.
In our opinion, the CLI-RSSI measurement in DL subband can be considered as a baseline approach, where measuring CLI-RSSI in DL subband for inter-subband CLI measurement could be used to indicate the UE-to-UE CLI leakage on the adjacent subbands in SBFD. Also, the CLI measurements on UL subband should be considered which can give a direct estimation on the CLI received power or signal strength to identify a particular source of the CLI, e.g., an SRS transmission from an aggressor UE.
The inter-subband CLI in SBFD may impose higher interference on subband-edge RBs within the SBFD DL subband and guard-bands, whereas the resources in the middle of the SBFD DL subband may not experience CLI as much. As such, measuring and averaging the CLI over the whole SBFD subband may result in down estimation of the CLI.
To achieve an accurate inter-subband CLI measurement, the UE can measure a delta parameter that is based on measuring and calculating the difference between a first CLI-RSSI measured from the resources in the edge of the configured RBs in the SBFD DL subband or within in-between configured guard-bands and a second CLI-RSSI measured from the resources located in the middle of the configured RBs in the SBFD DL subband. As such, the difference between the CLI-RSSI measured in the edge or guard-bands and CLI-RSSI measured in the middle can be used as an indication of inter-subband CLI.
Observation 3. Inter-subband UE-to-UE CLI measurement in SBFD DL subbands based on measuring over configured RB resources and averaging may result in down-estimation, as the subband-edge RBs experience higher CLI compared to RBs in the middle of the subband. 
Proposal 4. In UE-to-UE CLI measurement techniques, support all Methods agreed to be considered in RAN1 #116 (i.e., Methods #1-4)
Proposal 5. In UE-to-UE CLI-RSSI measurement techniques within active DL BWP, support measuring and reporting delta-CLI-RSSI based on differences in measured CLI-RSSI in subband-edge or guard-bands with measured CLI-RSSI in the middle of the DL subband. 
Frequency resource configuration for CLI-RSSI
Regarding CLI-RSSI measurement resource configuration, three methods were agreed in study phase to be studied for configuration of frequency resources for CLI-RSSI measurement and reporting. Below is the agreement from RAN1 #113 meeting:
	Agreement 
For UE-to-UE CLI-RSSI measurement/report across downlink subbands, study the following methods:
· Method#1: separate CLI-RSSI measurement resources/reports in each DL subband
· Note: supported in existing specifications
· Method#2: CLI-RSSI measure/report in one DL subband only
· Note: supported in existing specifications
· Method#3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
· FFS: report single or separate CLI-RSSI report(s) 
· FFS: details on determination of non-contiguous CLI-RSSI resource allocation 




The agreement addresses CLI-RSSI measurement in SBFD configurations where the DL subbands are non-contiguous and that the DL BWP is divided (into two) due to UL subband configured for SBFD operation. Method #1 proposes to consider separate frequency resources to measure the CLI-RSSI for the separated DL resources. In other words, Method #1 implies to consider the two separated DL subbands as two separate CLI-RSSI measurement occasions where separate configurations for the measurement resources will be provided and that each of the separate resources will be contiguous in respective configured resources. As an obvious consequence, Method #1 also proposes separate reporting of the measured CLI-RSSI. The separate resource configurations in Method #1 seem to be straightforward method for the configuration of the resources that avoids any ambiguity in determining the non-contiguous resources; however, using Method #1 only would unnecessarily increase the configuration overhead as doubled indications and related operations compared with legacy CLI-RSSI configurations.
Observation 4. Considering the configuration of CLI-RSSI resources, separate resource configurations (Method #1) for non-contiguous resources would unnecessarily increase the configuration overhead for at least two times in supporting SBFD operations. 
The proposed Method #2 was regarding measuring and reporting CLI-RSSI only in one DL subband out of the potential two separated DL subbands. In our opinion, the idea behind this proposal is the potential symmetrical CLI imposed on the two DL subbands. Such assumption based on symmetrical transmission power in the UL subband cannot be made in general, as the different UL resources may be allocated to different UEs with different transmission power, and different locations. For example, consider a potential aggressor UE with high transmission power that is scheduled closer to a first the DL subbands and obviously farther from the second DL subband. As such, the CLI-RSSI measurement in the first DL subband will be different from the CLI-RSSI measurement in the second DL subband, and definitely non-symmetrical. Therefore, CLI-RSSI measurement in only one of the DL subbands may result in over-estimation or down-estimation of the overall CLI-RSSI.
Observation 5. Considering the configuration of CLI-RSSI resources, measuring and reporting CLI-RSSI in only one DL subband (Method #2) may result in down-estimation or over-estimation of overall CLI-RSSI, in case of non-symmetrical scheduling of UL resources. 
In Method #3, the CLI-RSSI measurement is proposed to be on non-contiguous resources across DL subbands. That is the UE receives a single configuration for CLI-RSSI measurement that is over non-contiguous resources across DL subbands. In our opinion, this method allows an efficient way to configure the resources, since the UE is already configured with potential DL subbands, UL subband, and guard-bands (if available). So, the UE can implicitly determine the resources to measure the CLI-RSSI based on the configured DL subabnds. In this method, only a single configuration is sufficient which means at least half overhead compared to Method #1. 
Also, since the UE measures throughout the DL subbands, it is beneficial for UE to do a frequency-selective CLI measurement such as subband-edge specific measurement and delta CLI measurement/reporting which enables efficient frequency resource managements at the network side. As for the reporting, there could be a single reporting or more than one reporting corresponding to the two separate DL subbands and based on the frequency-selective CLI measurement if configured. Also, the UE can only report the CLI for the DL subband with higher measured CLI-RSSI or report the CLI for the DL subband with lower measured CLI-RSSI as well in differential values with reference to the DL subband with higher CLI.
Observation 6. Considering the configuration of CLI-RSSI resources, measuring and reporting CLI-RSSI in non-contiguous resources across DL subbands (Method #3) allows different configuration of CLI-RSSI measurement such as frequency-selective and subband-edge specific CLI measurements.
Observation 7. Considering the configuration of CLI-RSSI resources, measuring and reporting CLI-RSSI in non-contiguous resources across DL subbands (Method #3) allows flexible CLI-RSSI reporting configurations such as single report, separate report, reporting only the DL subband with higher CLI-RSSI, or reporting differential value for the DL subband with lower CLI. 
Proposal 6. Support measuring and reporting CLI-RSSI in non-contiguous resources across DL subbands (Method #3), in order to enable more accurate and flexible CLI measurement and reporting configurations.  
L2-event based CLI reporting
Considering dynamic transmission grants, a potential victim UE that has received a DL grant in an SBFD framework may experience unforeseen UE-to-UE CLI from another (aggressor) UE with UL transmission. In fact, the presence of the CLI may not be known prior to the grant, e.g., in case when the aggressor UE is associated with a different serving-cell/TRP. Due to such CLI, the victim UE may fail to receive the DL signal resulting in degraded DL performance. Since this kind of failure may not happen regularly, it may be beneficial to consider a L2-based event-triggered CLI reporting procedure, instead of periodic CLI reporting procedure.
The victim UE can trigger measuring CLI and further reporting the measured CLI due to an event or condition taking place. For example, the condition can be in case the victim UE detects DL reception failures (e.g., PDSCH or PDCCH) for more than k instances, or if the victim UE detects a number of consecutive NACK transmissions. In case the triggering condition has happened, the UE uses the configured resources for CLI measurement and in case the measured CLI is higher than a threshold, the UE reports it to the gNB. 
Alternatively, in case the event-triggered measured CLI is higher than the threshold, the UE could measure the CLI for another configured subband or BWP. In case the measured CLI for the other subband or BWP is lower than a threshold, the UE can report the corresponding subband or BWP, in addition to reporting the measured CLI, effectively requesting a subband/BWP switching to avoid the CLI affecting a current subband or BWP.
Observation 8. Techniques based on victim UE-initiated CLI reporting based on a configured condition or event could be used to enhance UE-to-UE interference mitigation.
Proposal 7. In addition to periodic type of CLI reporting, support L2-event based CLI reporting. 
Distinguishing aggressor UEs
In NR, there are several interference measurement resources (IMR) that can be used for measuring and reporting interference quality. For example, NZP CSI-RS and ZP CSI-RS resources as IMR can be used at UE for determining the interference power/strength. More specifically, CLI-RSSI has been specified to be used for measuring CLI level in TDD operations. However, the mentioned interference measurements are an estimate of the aggregation of received power/strength over all sources of noise and interference. In other words, while the measurements over IMR resources may show considerable interference power/strength, it is not clear if CLI is the main reason of such estimation or if it is caused by other sources or channel impairments.
For example, CLI-RSSI is estimated over all sources of noise and interference in the configured time/frequency resources. However, the aggressor UEs configuration may change dynamically, i.e., aggressor UEs’ scheduling, location, beam direction, etc. Relying only on long-term interference measurements may result in over-estimation of the CLI. 
Alternatively, the CLI estimation can be based on identifying potential victim UEs and potential aggressor UEs. The reference signals (e.g., SRS-RSRP, NZP-CSI-RS, DM-RS, etc.) transmitted from potential aggressor UEs can be used at the victim UE to estimate CLI accurately. As such, the UE can respond to dynamic changes in CLI (e.g., due to the dynamic changes in configuration of aggressor UEs) with efficient CLI mitigation techniques. 
Furthermore, NW can use the measurements reported from victim UEs based on distinguished aggressor UEs if the role of the victim UE changes to an aggressor UE, and the role of the aggressor UE changes to a victim UE, e.g., due to changes in the direction of the transmissions for both victim and aggressor UE, based on a beam correspondence property between the UEs. 
Observation 9. CLI estimation and reporting at a potential victim UE based on distinguishing aggressor UEs can be used for enhancing CLI mitigation at the UE and further optimal scheduling at the gNB. 
Proposal 8. Support enhancements to UE-to-UE co-channel CLI measurement based on supporting CLI measurement and reporting at the potential victim UE that includes distinguishing aggressor UEs. 

Spatial domain coordination in UE-to-UE CLI mitigation
In this section, methods on UE-to-UE CLI handling based on spatial domain coordination are discussed.
Joint beam management
In beam selection, the UE selects the best beam for Rx/Tx from gNB based on measured RSRP, SINR, etc. In SBFD systems with potential directional CLI, the beam management techniques need further enhancement. That is, a beam that was selected as the best beam direction between a victim UE and the gNB may not be the preferred beam in case a directional CLI is received at the victim UE from an aggressor UE, see Figure 3.
In NR, joint beam management has proven to be an effective procedure for finding the best beam pairs between the UE and gNB. For joint beam management in SBFD systems, two main aspects can be considered.  One aspect would be to detect and identify the aggressor UEs and the beam directions from the aggressor UEs that are causing CLI. As such, instead of blind CLI measurement and reporting, the victim UE could report the unfavorable beam-pairs for which the aggressor UEs are causing CLI. In this way, the gNB could prevent the CLI between the victim and aggressor UEs by spatial coordination methods. That is, the gNB could only avoid the beams at the aggressor UEs that are causing the CLI for the victim UE. In other words, if a potential aggressor UE is not actually causing CLI to a victim UE, the gNB could know that based on the report received from the victim UE, and the gNB could allow the non-interfering potential aggressor UE to continue its operation. Similarly, for an actual aggressor UE that is causing CLI to the victim UE, the gNB could still schedule the aggressor UE but just avoiding the beam directions that are causing the CLI to the victim UE. This could result in more enhanced and flexible scheduling and resource management at the gNB-side despite the CLI.
Another aspect is to enable the victim UE to measure, detect, and report the optimal beam direction for the UE-to-gNB communication, based on the direction of the beams at the aggressor UE. In contrast to UE-gNB beam selection that is based on highest RSRP or SINR, the beam selection between the victim UE-aggressor UE can be based on the lowest measured SRS-RSRP or CLI-RSSI. This can be achieved by performing a two-step beam sweeping procedure as part of spatial coordination procedure. As such, the first beam sweeping procedure could be between the victim UE and the aggressor UE, and the second beam sweeping procedure could be between the victim UE and the gNB. 
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Figure 3. Directional CLI from aggressor UE in UL received at the victim UE in DL
The proposed aspects can be summarized in below two steps:
Step 1. Beam sweeping between victim and aggressor UEs: As the first step, the victim and the aggressor UEs can perform a beam sweeping procedure to find the best and the worst beam pairs between them. By reporting the results of this step to the gNB, the gNB can mitigate the CLI by preventing the victim and aggressor UEs to use the worst or unfavourable beam pairs.
Step 2. Beam sweeping/selection between victim UE and the gNB. As the second step, the victim UE can perform a beam sweeping procedure along with the beam pairing in step 1, that is the beam sweeping with the gNB in the existence of the CLI. As such, the victim UE can find the most and least favourable beam directions to communicate with the gNB based on the directional CLIs received from the aggressor UE. This may be called an opportunistic beam pairing, as the victim UE finds its best beam to communicate with the gNB based on the beams causing CLI from the aggressor UE. As the result of this step, the gNB can choose the best beam to communicate with the UE, even in the existence of the directional CLI.
Observation 10. In spatial domain coordination, there are two aspects to be considered: 
· Preventive aspects, that is determining the victim and aggressor UEs beam pairs to be avoided.
· Beam pairing aspects, that is determining the gNB and victim UE beam pairs to be used based on directional CLI from the aggressor UEs. 
Proposal 9. Support preventive aspects in spatial domain coordination by determining the most and least favourable beam pairings between the victim and aggressor UEs.
Proposal 10. Support CLI mitigation aspects in spatial domain coordination by determining beam pairing between victim UE and gNB based on directional CLI.
UL directional beam coordination at the aggressor UE
Considering the methods in previous section on directional CLI measurement, an aggressor UE could determine the UL beam directions that could cause CLI on other (nearby) UEs. In cases where an aggressor UE is configured with UL transmission based on a configured grant, one way to handle the CLI is to restrict the aggressor UE to not transmit the configured UL on the UL beam directions that may cause interference. However, the restricted UL beam direction may be the best beam direction detected by the gNB or UE for UL transmission from the aggressor UE. As such, the beam restriction could result in lower performance in UL transmission as the aggressor UE now has to transmit UL based on a suboptimal UL beam direction.
Moreover, the victim UEs that are impacted by UL from the aggressor UE in the restricted UL beam direction may not always be configured with DL reception in the same time instance as the aggressor UE is configured for UL transmission. In other words, restricting the UL beam directions may not even be required if the victim UEs are not scheduled to receive DL.
Observation 11. Restricting one or more UL beam directions at the aggressor UE due to causing CLI on victim UEs, throughout all occasions of a configured UL transmission, could degrade the UL performance, as the aggressor UE may be restricted to transmit based on suboptimal UL beam directions.
Observation 12. Restricting one or more UL beam directions at the aggressor UE due to causing CLI on victim UEs, throughout all occasions of a configured UL transmission, could be unnecessary as the respective victim UEs may not be scheduled for DL reception in all corresponding configured UL occasions.
Proposal 11. Support methods to restrict UL beam directions for a configured UL transmission at an aggressive UE based on scheduled victim UEs, that is only for the occasions that a respective victim UE is scheduled for DL reception.
The aggressor UE can be configured with a candidate UL beam direction that is different from the active/best UL beam direction, where the aggressor UE could select to use the candidate UL beam in case a victim UE is scheduled for DL reception. That is, the aggressor UE can select to use the active/best UL beam direction for UL transmission in case none of the victim UEs are scheduled. 
The aggressor UE can receive configurations on the victim UEs that are scheduled for DL receptions that coincide with the configured UL transmission occasions. The aggressor UE can receive the indications on the scheduled DL transmissions from gNB based on a list of corresponding DL reference signals or TCI-states, where the DL beam directions correspond to or are QCL-ed with the indicated reference signals or TCI-states. Alternatively, the aggressor UE can receive the indications on the scheduled DL transmissions from gNB based on a list of corresponding SRIs, where the indicated SRIs imply the victim UEs that are scheduled for DL reception.  
CLI mitigation via monitoring beams
In general, DL/UL resource assignment for a UE can be based on CSI/beam measurement and reporting procedures supported in NR. Based on the CSI/beam measurements performed on a configured DL RS (e.g., CSI-RS) resource, the UE can report one or more preferred beam/RS indexes along with corresponding quality metrics such as CQI, L1-RSRP, or L1-SINR. The reported contents can be subband-wise, depending on gNB’s configuration, and those can be used for gNB’s scheduling on the DL/UL resource assignment for the UE. The beam information for the DL/UL resource assignment can be based on an indicated transmission configuration indicator (TCI) for a DL/UL channel/signal. When the UE receives a grant (DCI), the UE can apply a spatial filter determined by the indicated beam information to perform the DL reception or the UL transmission. These general procedures are not based on any dynamic information related to CLI (e.g., UE-to-UE CLI) as the UE’s measurement and reporting is based on a configured RS resource which is relevant only with the gNB.
A CLI due to a signal transmitted by other (aggressor) UE can be present and severely degrade a reception performance of a DL signal scheduled by a grant at a victim UE, where the presence of the interference may not be known prior to the grant, e.g., in case when the aggressor UE is associated with a different serving-cell/TRP. Due to the CLI which is not captured in the general CSI/beam reporting, the victim UE may fail to receive the DL signal, which degrades the DL performance. The failure in receiving the DL signal can continue to happen, in case when such unexpected UE-to-UE CLIs exist for a duration of time.
Since such a UE-to-UE CLI can happen unexpectedly, it is beneficial to consider a conditional CLI handling behaviour based on monitoring the beams at the (victim) UE side, where the monitoring can be conducted per subband which can be configured to the victim UE as performing subband-wise CLI measurement and reporting. Then, the victim UE can report the subband-wise CLI monitoring results, which can be used at the gNB to determine whether the assigned DL/UL resource to the victim UE should be changed to a different subband to avoid the CLI on a subband. The conditional behavior on CLI monitoring done at the victim UE could greatly simplify the network and UE implementation for CLI handling, as this procedure is transparent to the aggressor UE side. The condition can at least include a case when the victim UE detects a PDSCH reception failure, e.g., along with NACK transmission in general.
Observation 13. Since a general CSI/beam reporting in NR is not based on dynamic CLI-related information, a victim UE may unpredictably experience DL performance degradation if a UE-to-UE CLI occurs especially when an aggressor UE is served by a different serving gNB/TRP. 
Proposal 12. Support a conditional CLI handling behaviour based on monitoring the beams at the victim UE side, where the condition can at least include a case when the victim UE detects a PDSCH reception failure, which initiates a subband-wise CLI measurement/reporting for a subband switching to avoid the CLI.
Moreover, a potential aggressor UE (UE #1 in Figure 4) that has measured UE-to-UE CLI with a potential victim UE (e.g., UE#2 in Figure 4) can determine that if the victim UE is configured for DL reception in the same symbol that the aggressor UE is configured for UL transmission, this could result in CLI caused for the victim UE. In such case scenarios, the aggressor UE might be configured to drop the UL transmission. Alternatively, the aggressor UE could be configured with a second candidate UL beam direction (green beam in Figure 4) to be used in such cases where UL transmission in the first UL beam direction (blue beam in Figure 4) could cause CLI on the victim UE.
On the other hand, if UE#2 is not configured for DL, the UL transmission from UE#1 could be accomplished based on the first UL beam direction (blue beam in Figure 4).
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Figure 4. UL beam configuration in aggressor UE

Observation 14. An aggressor UE can be configured with a first UL beam direction and a second candidate UL beam direction, where the first UL beam direction can be used in case no CLI is caused, and the second candidate UL beam direction can be used in case CLI is caused. 
Proposal 13. Support CLI mitigation techniques based on configuring a second candidate UL beam direction at the aggressor UE to be used in case the UL transmission based on the first UL beam direction could cause CLI to other UEs.
gNB-to-gNB CLI Handling
In study phase for SBFD frameworks it was agreed and captured in TR to consider spatial domain coordination as one of the gNB-to-gNB CLI mitigation schemes. As part of enhancements, the benefits and the procedures for the exchange of information between the victim and aggressor gNBs can be considered. 
In RAN1 #116-bis, the following agreements were made:
	Agreement
If beam pairing is supported for gNB-to-gNB CLI handling, the following are recommended to be specified
· Information exchange of measurement resource configuration, i.e., SSB and/or periodic NZP CSI-RS
· Information exchange of recommended/not-recommended DL beam information and associated resource configuration

Agreement
If coordinated scheduling in time and/or frequency is supported for gNB-to-gNB CLI handling and UE-to-UE CLI handling, the following is recommended to be specified
· Information exchange of semi-static cell-specific SBFD time and frequency location configuration



In gNB-to-gNB CLI handling, the information exchange could at least include the time and frequency of configurations as well as the preferred/non-preferred beams at the aggressor and victim gNBs. That is, the victim gNB measuring the beam-based co-channel CLI from the aggressor gNB and reporting the measured CLI to the aggressor gNB can mitigate CLI through coordinated scheduling of resources in both victim and aggressor gNB. 
Proposal 14. Support coordinated scheduling for gNB-to-gNB CLI handling, where at least semi-static time and frequency configuration are exchanged between gNBs. 
The CLI measurement may be based on victim gNB receiving SSBs or NZP CSI-RS resources from the aggressor gNB and measuring the CLI per beam resource or panel at the victim gNB side, as in beam sweeping between the victim and aggressor gNBs. After beam sweeping and measuring the CLI, the victim gNB can identify the beam pairs that include the beam at the victim gNB and the beam from the aggressor gNB (e.g., based on SSB index or CRI). The victim gNB can determine the beams for which it received the highest and lowest CLI from the aggressor gNB, per beam from aggressor gNB (e.g., based on SSB index or CRI). The victim gNB can report information on the beams with the most CLI and the beams with the least CLI to the aggressor gNB, in addition to the information on the measured CLI per reported beam-pair resources.
As such, the aggressor gNB could avoid scheduling the beams with the measured CLI higher than a threshold and may use or schedule the DL based on the beams with measured CLI lower than a threshold. Alternatively, the aggressor gNB could indicate to the victim gNB the beam resource(s) that it is being used for a DL transmission, where the victim gNB can utilize the information for subsequent scheduling and resource management. For example, the victim gNB can select to avoid the beams that are most affected by the selected beam at the aggressor gNB, and to use the beams that are least affected by the selected beam at the aggressor gNB (e.g., lower measured CLI).
Observation 15. The gNB-to-gNB co-channel CLI mitigation can be based on spatial domain coordination, where the CLI measurement can be based on beam sweeping at both victim and aggressor gNBs.
Proposal 15. In gNB-to-gNB co-channel CLI measurement and mitigation, support beam-pairing based spatial domain coordination, where the victim gNB measures beam-swept CLI and sends, to the aggressor gNB, information on the SSB index or the CRI of the aggressor beams with the highest and/or lowest CLI in addition to the measured CLI.
In addition to periodic CLI measurement, the victim gNB could also consider some events to trigger CLI measurement and corresponding beam sweeping procedures at the victim and aggressor gNBs. As an example, a victim gNB could monitor the number of unsuccessful UL transmissions from the UEs that are being served, that is in case the number of UL retransmission requests exceed a limit. Also, the victim gNB could determine that while the DL channel is interference-free or at least has a low strength interference, the UL channels are facing strong interference. As such, the victim gNB could consider such events to trigger a request for performing gNB-to-gNB CLI measurement, that is for example based on CD and/or NCD-SSBs beam sweeping procedures.  
Observation 16. The victim gNB could monitor to detect one or more events to trigger gNB-to-gNB co-channel CLI measurement.
Proposal 16. In gNB-to-gNB co-channel CLI measurement, support defining the events that may trigger the gNB-to-gNB CLI measurement.
Conclusion
In this contribution, we discussed issues on CLI mitigation aspects in SBFD systems. From the discussions, we made following observations and proposals:
[2.1.1.1 L1-based UE-to-UE CLI measurement and reporting]
Observation 1. L1-based UE-to-UE CLI measurement could be used for performance enhancement by properly accommodating short-term CLI nature, for facilitating gNB adjusting UE scheduling, and for low latency.
Proposal 1. Support CSI reporting framework as baseline for L1-based UE-to-UE CLI measurement and reporting.
Proposal 2: Support UE to be configured with a flexible CLI measurement hypothesis for reporting, e.g., with or without cell-wise UL muting, to aid gNB to identify strong interferers either from the same cell or a neighbour cell, or based on a UE group.
[2.1.1.2 Performance analysis on L1-based CLI measurement and reporting]
Observation 2: Use of CLI measurement and reporting schemes can help the gNB schedule downlink and uplink UEs to reduce the effects of UE-to-UE CLI on downlink UE performance. 
Proposal 3. Support at least Alt.1 and Alt.3 in RAN1#116bis for L1-based UE-to-UE CLI measurement and reporting, where Alt.1 (Scheme 2) is essential for aggressor UE identification and Alt.3 (Scheme 3) further improves performance including link adaptation, based on utilizing a SINR-type metric for the CLI reporting.
[2.1.2.1.1 Subband-edge-specific CLI Measurement]
Observation 3. Inter-subband UE-to-UE CLI measurement in SBFD DL subbands based on measuring over configured RB resources and averaging may result in down-estimation, as the subband-edge RBs experience higher CLI compared to RBs in the middle of the subband. 
Proposal 4. In UE-to-UE CLI measurement techniques, support all Methods agreed to be considered in RAN1 #116 (i.e., Methods #1-4)
Proposal 5. In UE-to-UE CLI-RSSI measurement techniques within active DL BWP, support measuring and reporting delta-CLI-RSSI based on differences in measured CLI-RSSI in subband-edge or guard-bands with measured CLI-RSSI in the middle of the DL subband. 
[2.1.2.1.2 Frequency resource configuration for CLI-RSSI]
Observation 4. Considering the configuration of CLI-RSSI resources, separate resource configurations (Method #1) for non-contiguous resources would unnecessarily increase the configuration overhead for at least two times in supporting SBFD operations.
Observation 5. Considering the configuration of CLI-RSSI resources, measuring and reporting CLI-RSSI in only one DL subband (Method #2) may result in down-estimation or over-estimation of overall CLI-RSSI, in case of non-symmetrical scheduling of UL resources.
Observation 6. Considering the configuration of CLI-RSSI resources, measuring and reporting CLI-RSSI in non-contiguous resources across DL subbands (Method #3) allows different configuration of CLI-RSSI measurement such as frequency-selective and subband-edge specific CLI measurements.
Observation 7. Considering the configuration of CLI-RSSI resources, measuring and reporting CLI-RSSI in non-contiguous resources across DL subbands (Method #3) allows flexible CLI-RSSI reporting configurations such as single report, separate report, reporting only the DL subband with higher CLI-RSSI, or reporting differential value for the DL subband with lower CLI. 
Proposal 6. Support measuring and reporting CLI-RSSI in non-contiguous resources across DL subbands (Method #3), in order to enable more accurate and flexible CLI measurement and reporting configurations.  
[2.1.2.1.3 L2-event based CLI reporting]
Observation 8. Techniques based on victim UE-initiated CLI reporting based on a configured condition or event could be used to enhance UE-to-UE interference mitigation.
Proposal 7. In addition to periodic type of CLI reporting, support L2-event based CLI reporting. 
[2.1.2.2 Distinguishing aggressor UEs]
Observation 9. CLI estimation and reporting at a potential victim UE based on distinguishing aggressor UEs can be used for enhancing CLI mitigation at the UE and further optimal scheduling at the gNB. 
Proposal 8. Support enhancements to UE-to-UE co-channel CLI measurement based on supporting CLI measurement and reporting at the potential victim UE that includes distinguishing aggressor UEs. 
[2.1.3.1	Joint beam management]
Observation 10. In spatial domain coordination, there are two aspects to be considered: 
· Preventive aspects, that is determining the victim and aggressor UEs beam pairs to be avoided.
· Beam pairing aspects, that is determining the gNB and victim UE beam pairs to be used based on directional CLI from the aggressor UEs. 
Proposal 9. Support preventive aspects in spatial domain coordination by determining the most and least favourable beam pairings between the victim and aggressor UEs.
Proposal 10. Support CLI mitigation aspects in spatial domain coordination by determining beam pairing between victim UE and gNB based on directional CLI.
[2.1.3.2	UL directional beam coordination at the aggressor UE]
Observation 11. Restricting one or more UL beam directions at the aggressor UE due to causing CLI on victim UEs, throughout all occasions of a configured UL transmission, could degrade the UL performance, as the aggressor UE may be restricted to transmit based on suboptimal UL beam directions.
Observation 12. Restricting one or more UL beam directions at the aggressor UE due to causing CLI on victim UEs, throughout all occasions of a configured UL transmission, could be unnecessary as the respective victim UEs may not be scheduled for DL reception in all corresponding configured UL occasions.
Proposal 11. Support methods to restrict UL beam directions for a configured UL transmission at an aggressive UE based on scheduled victim UEs, that is only for the occasions that a respective victim UE is scheduled for DL reception.
[2.1.3.3	CLI mitigation via monitoring beams]
Observation 13. Since a general CSI/beam reporting in NR is not based on dynamic CLI-related information, a victim UE may unpredictably experience DL performance degradation if a UE-to-UE CLI occurs especially when an aggressor UE is served by a different serving gNB/TRP. 
Observation 14. An aggressor UE can be configured with a first UL beam direction and a second candidate UL beam direction, where the first UL beam direction can be used in case no CLI is caused, and the second candidate UL beam direction can be used in case CLI is caused. 
Proposal 12. Support a conditional CLI handling behaviour based on monitoring the beams at the victim UE side, where the condition can at least include a case when the victim UE detects a PDSCH reception failure, which initiates a subband-wise CLI measurement/reporting for a subband switching to avoid the CLI.
Proposal 13. Support CLI mitigation techniques based on configuring a second candidate UL beam direction at the aggressor UE to be used in case the UL transmission based on the first UL beam direction could cause CLI to other UEs.
[2.2 gNB-to-gNB CLI Handling]
Observation 15. The gNB-to-gNB co-channel CLI mitigation can be based on spatial domain coordination, where the CLI measurement can be based on beam sweeping at both victim and aggressor gNBs.
Observation 16. The victim gNB could monitor to detect one or more events to trigger gNB-to-gNB co-channel CLI measurement.
Proposal 14. Support coordinated scheduling for gNB-to-gNB CLI handling, where at least semi-static time and frequency configuration are exchanged between gNBs. 
Proposal 15. In gNB-to-gNB co-channel CLI measurement and mitigation, support beam-pairing based spatial domain coordination, where the victim gNB measures beam-swept CLI and sends, to the aggressor gNB, information on the SSB index or the CRI of the aggressor beams with the highest and/or lowest CLI in addition to the measured CLI.
Proposal 16. In gNB-to-gNB co-channel CLI measurement, support defining the events that may trigger the gNB-to-gNB CLI measurement.
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Appendix – Simulation assumptions
Table 2. SLS simulation assumptions, based on section 7 of [3]
	Parameter
	Deployment Scenario

	
	Urban Macro (UMa) (from 38.913)

	Layout 
	21 cells with wraparound ISD: 500m

	Channel Model
	UMa (38.901)

	UE Distribution 
	80% indoor, 20% outdoor. 20 UEs per cell. UE clustering distribution with 2 UE clusters and 8 UEs per cluster.  

	UE Mobility
	3 Km/hr

	Carrier frequency
	3.5 GHz

	System bandwidth
	100 MHz

	Subcarrier spacing
	30 kHz

	BS height
	25 m

	UE height
	The UE height for indoor UEs is updated as following based on Table 6-1 in TR 36.873. 1.5m

	Open-loop power control
	Default: P_0 = -92 dBm, alpha=1.0

	BS/UE TX power
	BS: 53 dBm, UE: 23 dBm

	BS antenna configuration
	Baseline TDD: (M,N,P,Mg,Ng,Mp,Np,dV,dH)=(4, 4, 2, 1, 1, 4, 4, 0.8, 0.5). Shared Tx/Rx antenna array with 32 TxRUs 
SBFD: Separate antenna array for Tx/Rx
Option 2 (# of antenna elements for SBFD is two times that of TDD): 
(M,N,P,Mg,Ng,Mp,Np,dV,dH)=(4, 4, 2, 1, 2, 4, 4, 0.8, 0.5). Separate Tx/Rx antenna array – 16 TxRUs for DL, 16 TxRUs for UL. 

	Slot structure
	Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
SBFD Alt. 2 - Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
SBFD Subband configuration#1 with {DUD} pattern, one SBFD slot consists of one UL subband at the center of the channel bandwidth and two DL subbands at two sides of the channel bandwidth.
All cells use the same SBFD slot configuration

	Inter-subband CLI reporting
	Scheme 1: L3-based CLI measurement and reporting 
Scheme 2: L1/L2-based CLI reporting (genie aided)

	gNB self-interference
	1 dB UL desense 

	CO-site inter sector inter SB CLI 
	Option 2: 93 dB (spatial isolation), 0 dB digital isolation

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	BS receiver 
	MMSE-IRC

	UE receiver
	MMSE-IRC

	UE antenna configuration
	(M,N,P,Mg,Ng,Mp,Np,dV,dH) = (1, 2, 2, 1, 1, 1, 2, 0.5, 0.5). 4 ports
4 Tx, 2 Rx

	Channel estimation 
	Realistic

	Transmission scheme
	16/32 Tx Type 1 Codebook

	Scheduler 
	SU-MIMO (with PF)

	Target BLER
	10% first transmission BLER

	HARQ/repetition
	3 HARQ retransmission

	Metric
	DL/UL User Perceived Throughput 

	Traffic model
	FTP3 (0.5MB for DL, 0.125 MB for UL)
Traffic:  are number of packet arrivals per UE (each packet is 0.5MB)
DL:UL traffic ratio 1:1 and 2:1 are considered
Load scenario
Low load       Type-2 RU < 10%)
Medium load Type-2 RU  20%-40%
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