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Introduction
In RAN#102 meeting, a work item on evolution of NR duplex operation is approved and the corresponding description is provided in [1] and described objective for CLI handling is 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. 



In this contribution, to specify enhancements for CLI handling schemes, the prerequisites for cross-scheme comparison, detailed approach of gNB-to-gNB CLI handling schemes and UE-to-UE CLI handling schemes in different aspects are discussed in each of section. Based on the discussion, each of schemes are compared based on the formulated table in section 5.

Prerequisites for cross-scheme comparisons
In RAN1#116, a table for comparison between CLI handling schemes is proposed and captured in FL summary [3]. It is very good start to have aligned aspects and perspectives to be used for the comparison among the schemes, but it is our understanding that each of schemes have various different detailed approaches within same scheme. And all of those aspects are accordingly different depending on the details of the schemes. Therefore, before beginning discussion for comparing among schemes, details of each of the schemes needs to be specified to prevent future misunderstanding induced by the different interpretation about the schemes and diverge of the discussion.
In RAN1#116, things to be accounted for comparison between CLI handling schemes was agreed upon as a conclusion. However, it should be noted that those aspects vary depending on the details of the schemes. For example, whether information related to reference signal of aggressor gNB to be exchanged or not depends on whether victim gNB performs RSRP-like measurement or RSSI-like measurement. Furthermore, even when the reference signal is needed at victim gNB side, how it is delivered to the victim gNB can be different according to whether it is informed from potential aggressor gNB to victim gNB or exchanged between gNBs in the network. Therefore, it is most important to specify the details of each scheme. For the detailed schemes, organizing the items for comparison agreed upon in the last meeting will be a good start to enable down select between CLI handling schemes. 

Proposal 1. To start cross-scheme comparison without confusion, details of the scheme needs to be specified first. Based on that, following aspects are used for the comparison between detailed schemes
· Applicable scenario
· Performance benefit based on analysis and/or evaluation
· Specification impact in RAN1 and RAN3
· gNB/UE implementation complexity
· Operation details.

What should be the basis for the details of each scheme was also discussed. In Rel-18 DE SI, the CLI agenda covered CLI handling techniques that can be used in common for SBFD and dynamic/flexible TDD, and the SBFD agenda covered SBFD-specific CLI handling techniques. The fact that WID does not have a dedicated optimization for dynamic/flexible TDD does not necessarily imply that it does not cover CLI handling schemes that can be applied to both dynamic/flexible TDD and SBFD in common. Therefore, the discussion of each scheme in detail includes all of the CLI handling techniques captured in TR38.858 which are effective for SBFD can be candidate CLI handling schemes for down-selection.

Proposal 2. When discussing the details of each scheme captured in the agreement for down-selection, it is based on the CLI handling scheme for the SBFD described in TR 38.858.

gNB-to-gNB co-channel CLI handling schemes
In the last RAN1 meeting, following candidate schemes are agreed to be down-selected for gNB-to-gNB co-channel CLI handling;
· 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
It is noted that all of the listed handling schemes are applicable for the aligned/unaligned SBFD configuration between gNBs, including TDD gNB in the network. In this section, those CLI handling schemes are discussed in details separately in each of sections.

gNB-to-gNB co-channel CLI and/or channel measurement
During the study item phase, it was discussed whether the gNB-to-gNB co-channel CLI measurement is channel measurement or interference measurement, ended without concluding clearly. Rather than that approach, it would be more helpful to clarify in terms of measurement metric. Whether the reporting of the measurement result or sharing it between gNBs are introduced or not, it would be useful to have discussion based on that terminology to have same understanding about the scheme. From that perspective, it can be divided into two; RSRP-like measurement and RSSI-like measurement. The RSRP-like measurement is victim gNB measures received signal power transmitted from aggressor gNB based on information of the reference signal, including sequence, time and frequency resources, which is similar to UE measuring CLI based on SRS-RSRP. On the other hand, RSSI-like measurement is victim gNB measures received power including the transmitted from aggressor gNB possibly based on the time and frequency location where aggressor gNB transmitted. The gNB’s CLI handling behavior or implementation would be different whether the CLI and/or channel between gNBs are measured based on the RSSI-like or RSRP-like. The details of it is discussed throughout this section.
Whether RSRP-like or RSSI-like, there are two ways in which inter-gNB CLI measurement can be handled at the gNB end. One of the simplest implementation of gNB to handle the CLI is victim gNB’s avoiding it when the CLI is detected. Alternatively, applying an advanced receiver that utilizes the measured channel information can be considered when CLI is to be handled by more sophisticated method paying implementation complexity of the gNBs. Both of these are within the domain of the gNB implementation, but it is necessary to discuss the details for comparison between schemes. For this purpose, the simplified version of the received signal at the gNB from the UE,  can be represented as follows;
,
where ,  denotes channel and transmitted signal from the UE, respectively and the ,  denotes channel and transmitted signal from other UEs, and the ,  denotes channel and transmitted signal from other gNBs, i.e., gNB-to-gNB CLI, and denotes the other noises. Based on that, the estimated signal at the gNB  is simply  where  denotes receiver weight matrix. The receiver weight matrix  is defined as

To obtain the MMSE-IRC receiver weight matrix, the covariance matrix including the source of interferences, including CLI from gNBs and the intra-/inter-cell UEs. The covariance matrix is estimated by following equation.
 
Note that the noise, , represents not only for the thermal noise but includes the self-interference, co-site inter-sector gNB-to-gNB co-channel CLI. Here, the covariance matrix added by the SBFD operation is . There are two ways to estimate it and apply it.
The first method is to measure the covariance matrix through RSSI-like measurement. In other words, the received signal of the gNB in the resources where the serving UE and other UEs do not transmit will be , and this value can be directly measured to derive . In other words, the interference between gNBs is estimated by treating it as colored noise. This is suitable when the channel from the aggressor gNB is not time-varying and not continuously transmitting or not transmitting, and can be measured without distinguishing between aggressor gNBs. This technique has the advantage that it does not increase the gNB implementation complexity. For convenience of description, the receiver weight matrix based on  below is called the MMSE-IRC receiver,  throughout the contribution.
 
Second, just as MMSE-IRC is applied to the existing MMSE using the channel estimated for interference from other UEs, the same method is used for the gNB-to-gNB channel, i.e., the covariance matrix is estimated by performing inter-gNB channel estimation. To do this, an RSRP-like measurement is performed on the gNB-to-gNB channel to reconstruct the covariance matrix based on the transmit power of the transmitting gNB. This has the advantage of adaptively applying a more accurate channel estimate for the time-varying channel between the aggressor gNB and the victim gNB, but it assumes that the channel measurement is done in a timely manner, which requires an inter-gNB channel measurement procedure. This is especially true in the case of multiple aggressor gNBs, where each channel must be measured separately. For convenience of description, the receiver weight matrix based on  below is called the MMSE-IRC receiver,  throughout the contribution.
 
Based on this background, the details of the scheme are different for RSSI-like measurements and RSRP-like measurements. The details are discussed in each of the following subsections.

RSSI-like measurement
There are two different approaches can be done for the RSSI-like measurement. That is, whether the advanced receiver, i.e., MMSE-IRC, at victim gNB is implemented or not, is the distinguishable point. Although the receiver of victim gNB is up to gNB implementation, the contents to be compared is very different depending on it. Therefore it needs to be differentiated. Based on that, the possible target goal of CLI handling relying on RSSI-like measurement can be divided into two parts; CLI avoidance/overcome and CLI cancellation.
When the advanced receiver at gNB is not implemented, the possible target goal to achieve CLI handling by measuring gNB-to-gNB CLI and/or channel is to avoid or overcome it. That is, when the victim measures or detects the existence of the CLI from aggressor gNB, the victim gNB can handle the CLI by implementation. For example, uplink transmit power of serving UE at victim gNB can be indicated to boost to overcome the CLI or uplink transmission can be indicated to cancel to avoid it. To enable that, it could be enabled by existing specification, i.e., conventional uplink power control and cancellation indication. Alternatively, enhancement of dynamic UE transmission power control and/or cancellation might be helpful. The performance benefit can be obtained from the RSSI-like measurement targeting to CLI avoidance will be reduced UL retransmission according to low SINR. That is, since the uplink transmission on the resource where the CLI is severe is avoided by not scheduling on the resource or the uplink transmission power is boosted, the reception probability will be increased.
To enable such victim gNB behavior, information exchange or indication to victim gNB, which related to time/frequency location of transmission of potential aggressor gNBs may be needed. It is noted that information is helpful but can be done without it since it is detection based CLI avoidance. No matter the SBFD configuration between gNBs are aligned or not, the scheme described above is applicable even CLI from the legacy TDD cell can be handled. Based on the discussion above, we obtained following observation.

Observation 1. For details of gNB-to-gNB co-channel CLI and/or channel measurement, RSSI-like measurement targeting to CLI avoidance is considered;
· Applicable scenario
· Inter-gNB CLI handling
· Aligned/unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· Reduced UL retransmission according to low SINR due to inter-gNB CLI
· Potential specification impact in RAN1 and RAN3
· Information exchange or indication to victim gNB, which related to time/frequency location of transmission of potential aggressor gNBs (if needed)
· Measurement at victim gNB is handled by gNB implementation
· gNB/UE implementation complexity
· Dynamic UE Tx power control at UE side (if needed)
· Dynamic UE Tx cancellation at UE side (if needed)
· Operation details
· Victim gNB detects interference including CLI from aggressor gNB
· When detected, the handling of it is up to gNB implementation, e.g., UE Tx power boosting or UE Tx cancellation

On the other hand, RSSI-like measurement information at victim gNB side can be used at victim gNB targeting to apply the advanced receiver, e.g., MMSE-IRC receiver. It is essentially similar to RSSI-like measurement targeting to CLI avoidance, but the difference is that the gNBs are not detecting CLI, but estimating the covariance matrix induced by CLI among gNBs. This requires the victim gNB to ensure that the aggressor gNB(s) have the same or similar resources to measure the covariance matrix with noise, i.e., the aggressor gNB(s) must be continuously transmitting during a certain time resource. In practice, the estimation of the covariance matrix with noise requires a long period of time to be measured considering the number of gNB antennas.
In order to actually estimate the covariance matrix with noise between gNBs, the following needs to be guaranteed for the time interval that the victim gNB is measuring. First, the transmissions of other gNBs except the aggressor gNB should be limited. To ensure this, at least the information about the transmissions between gNBs should be shared or at least indicated, in particular the information about which time/frequency resources they are transmitting from. This will require information exchange between gNBs or information indication from source to target gNB, which will impact RAN3. 
Secondly, UL transmissions from the serving UE and other UEs in that time resource should be restricted. This can be accomplished either by gNB scheduling, i.e., transparent UL resource muting, or by explicitly indication to UEs not to transmit in a particular time/frequency resource, i.e., non-transparent UL resource muting. If the UEs are indicated not to transmit on certain time/frequency resources rather than not scheduling, then the existing specification can use the cancellation indication introduced in URLLC, but if new features are introduced, i.e. explicitly indicating some of the PUSCH transmit resources to be rate-matched or punctured, at least following specification impacts should be considered. For example, a specific muting pattern is required to be specified, power control of the muted PUSCH, UE behavior according to the timeline, etc. It is important to note that the victim gNB is performing inter-gNB channel measurements on the muted resource, so it should be assumed that the timing of the downlink and uplink between gNBs is not aligned. It is also necessary to consider what is the appropriate amount of resources to estimate the inter-gNB channel from the muting resources. Based on the discussion above, we obtained following observation.

Observation 2. For details of gNB-to-gNB co-channel CLI and/or channel measurement, RSSI-like measurement targeting to CLI cancellation is considered;
· Applicable scenario
· Inter-gNB CLI handling
· Unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· UL received SINR boosting by MMSE-IRC
· Potential specification impact in RAN1 and RAN3
· Information exchange or indication to victim gNB, which related to time/frequency location of transmission of potential aggressor gNBs
· When non-transparent UL resource muting is introduced, spec impact related to it (e.g., UE Tx power control enhancement, UL resource muting pattern, etc) (if needed)
· gNB/UE implementation complexity
· MMSE-IRC receiver at gNB side
· Anything related to UL resource muting (if introduced) at UE side
· Operation details
· Victim gNB measures interference channel based on RSSI-like measurement
· When measured, MMSE-IRC receiver is applied at victim gNB

RSRP-like measurement
The RSRP-like measurement is basically similar to the victim gNB using MMSE-IRC receiver based on -RSSI-like measurement. The difference is that for the RSRP-like measurement, victim gNB performs channel measurement from every single aggressor gNBs and applies eMMSE-IRC receiver based on the estimated channel covariance matrix. Therefore, a measurement procedure is required for victim gNB and aggressor gNBs pair wise.
To enable accurate measurement at gNB side, the resource where victim gNB measures should be muted. It is important to note that not only UEs served by the victim gNB, but also other aggressor gNBs should also perform muting on the resources. That is, a procedure is needed to perform channel measurement between victim-aggressor gNB pairs sequentially. While a certain pair of gNBs, aggressor and victim gNB, it should be ensured that all other gNBs are not transmitting on that resource. It is more important than the muting of the UEs since transmit power of the gNB is usually much higher than that of UEs. Other than that, there are no generic difference with RSSI-like measurement. For example, transparent/non-transparent UL muting, information exchange between gNBs, are basically same. Therefore, due to the necessity of channel measurement procedure between gNBs and the increased receiver complexity of the victim gNB, RSSI-like measurement with MMSE-IRC receiver in the victim gNB is preferred. Based on the discussion above, we obtained following observation.

Observation 3. For details of gNB-to-gNB co-channel CLI and/or channel measurement, RSRP-like measurement targeting to CLI cancellation is considered;
· Applicable scenario
· Inter-gNB CLI handling
· Unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· UL received SINR boosting by eMMSE-IRC
· Potential specification impact in RAN1 and RAN3
· Information related to reference signal of potential aggressor gNB needs to be exchanged or informed to potential victim gNB
· Channel measurement procedure between gNBs
· When non-transparent UL resource muting is introduced, spec impact related to it (e.g., UE Tx power control enhancement, UL resource muting pattern, etc)
· gNB/UE implementation complexity
· eMMSE-IRC receiver at gNB side
· Anything related to UL resource muting (if introduced) at UE side
· Operation details
· The victim gNB measures interference based on RSRP-like measurement relying on informed/exchanged reference signal transmitted by aggressor gNB
· The gNBs other than target aggressor gNBs is muted while victim gNB measures channel from the target aggressor gNB.

Spatial domain-based solution
According to the agreement in RAN1#116, spatial domain-based solution can be categorized into two; beam nulling and beam pairing, each of which is discussed separately.
Beam nulling
It is noted that only Tx beam nulling is captured in the TR38.858 and Rx beam nulling is not captured. The details of Tx beam nulling are targeting null direction to the victim UE. It is applicable to any inter-gNB CLI scenario since the victim gNB does not suffer from the CLI when the null beam is directing the victim gNB. However, when the Tx beam from aggressor gNB is generated to align null direction to the victim gNB, performance of the UEs served by that gNB would be degraded due to the fact that achieving both, beam nulling at the victim gNB and beamforming to target UE whose direction is basically random, is generally infeasible. It is well known joint optimization of min-max or max-min problem, which usually does not have optimal solution. However it is noted that how to generate the Tx beamforming is up to gNB implementation. If feasible, when the Tx null beam is applied to aggressor gNB, the UL received SINR at victim gNB side would be boosted. 
To enable the Tx beam nulling at aggressor gNB, channel measurement and report from the victim gNB or information exchange of measured channel between gNBs is essential. That is, RSRP-like channel measurement in section 3.1.2 at victim gNB side should be assumed. On top of that, channel reciprocity between victim and aggressor gNB should be ensured since the measurement is performed at victim gNB side and the Tx beam nulling is applied to aggressor gNB side. Such channel reciprocity between victim and aggressor gNBs is only applicable to gNBs with particular implementation. Based on the discussion above, we obtained following observation.

Observation 4. For details of spatial domain-based solution, Tx beam nulling is considered;
· Applicable scenario
· Inter-gNB CLI handling
· Aligned/unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· UL received SINR boosting when aggressor applies Tx beam nulling
· Potential specification impact in RAN1 and RAN3
· Anything related to RSRP-like channel measurement between gNBs
· Signaling between gNBs to enable victim gNB report/informs CLI to aggressor gNB
· gNB/UE implementation complexity
· Tx null beamforming at gNB side without severe performance degradation
· Operation details
· Channel reciprocity between victim and aggressor gNB needs to be ensured

Beam pairing
Beam pairing is based on the measurement of the beam pair between the aggressor gNB and the victim gNB, and when the victim gNB suffers severe inter-gNB CLI, the aggressor gNB changes to a transmit beam that does not give CLI upon the request from the victim gNB. To enable it, preferred/prohibited DL beam and associated resource configuration from victim gNB to aggressor gNB should be indicated or reported. Also, the behavior requested by the victim gNB for the beam used by the aggressor gNB should naturally be based on the channel measurement information between the gNBs. It is noted that since this is a beam measurement rather than a channel measurement, an RSSI-like measurement between gNBs would be sufficient. The gain from such beam pairing is overall similar to beam nulling, i.e., UL received SINR boosting when aggressor applies request Tx beam. Note that when aggressor and victim gNB is inter-operator, it is difficult to guarantee that aggressor gNB will apply requested beam since the Tx beam of the gNB cannot be mandated. Based on the discussion above, we obtained following observation.

Observation 5. For details of spatial domain-based solution, beam pairing is considered;
· Applicable scenario
· Inter-gNB CLI handling for intra-operator
· Aligned/unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· UL received SINR boosting when aggressor applies requested Tx beam
· Potential specification impact in RAN1 and RAN3
· Anything related to RSSI-like channel measurement between gNBs
· Signaling between gNBs on preferred/prohibited beam
· gNB/UE implementation complexity
· Tilted Tx/Rx analog beamforming at gNB side
· Operation details
· For inter-operator scenario, it cannot be guaranteed that the requested beam will be applied by the aggressor gNB.

Coordinated scheduling
In TR38.858, SBFD configuration exchange between gNBs is specified for coordinated scheduling. The idea is that if the SBFD configuration is not aligned between gNBs, the CLI will provide the time/frequency information that is expected to exist and leave the handling to the gNB implementation. Although it is not a fancy solution, it does not add any additional implementation complexity. Also, if dynamic SBFD is not considered, SBFD configuration information does not need to be exchanged frequently, which is practical considering the signaling interface between gNBs. Based on the discussion above, we obtained following observation.

Observation 6. For details of coordinated scheduling, semi-static SBFD time and frequency configuration exchange between gNBs is considered;
· Applicable scenario
· Inter-gNB CLI handling
· Aligned/unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· gNB can aware of CLI induced by SBFD, and handling of it is up to gNB implementation
· Potential specification impact in RAN1 and RAN3
· Signaling between gNBs on SBFD configuration
· gNB/UE implementation complexity
· None
· Operation details
· If dynamic SBFD is not considered, SBFD configuration of the gNBs does not need to be updated

Power control-based solution
For the power control-based solution, two different approach can be considered; transmit power control of the gNB, i.e., transmit power reduction of aggressor gNB and that of the UE, i.e., transmit power boosting of the UE served by victim gNB. It is noted that gNB Tx power control-based scheme is ruled out in previous meeting, therefore power control of the UEs served by the victim gNB is only remaining candidate. For that, separate power control parameter in inter-gNB CLI and non-inter-gNB CLI symbols would be the specified scheme for it. This can be applied to both inter-gNB CLI handling and intra-gNB CLI handling, but to reduce or suppress inter-gNB CLI, the only solution is to boost the SINR received by the victim gNB by boosting the UE's Tx power. This may result in an increase in UE-to-UE CLI, and if the UE has insufficient transmit power headroom, there may be little performance benefit to be gained. On top of that, since the Tx power control of a UE is fully controlled by gNB, the possible specification impact would be adding more dynamics on UE Tx power control.  Based on the discussion above, we obtained following observation.

Observation 7. For details of power control-based solution, UE Tx power control is considered;
· Applicable scenario
· Inter-/intra-gNB CLI handling
· Aligned/unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· UL received SINR boosting when UE Tx power boosting is applicable
· Potential specification impact in RAN1 and RAN3
· UE Tx power control
· gNB/UE implementation complexity
· Dynamic UE Tx power control at UE side
· Operation details
· When UE does not have power headroom, performance benefit can be degraded.
· UE-to-UE co-channel CLI can be increased due to Tx power boosting

UE-to-UE co-channel CLI handling schemes
In the last RAN1 meeting, following candidate schemes are agreed to be down-selected for UE-to-UE co-channel CLI handling;
· UE-to-UE co-channel CLI measurement and reporting
· Coordinated scheduling in time and/or frequency
· Spatial domain based schemes
· Power control based schemes
It is noted that UE-to-UE co-channel CLI measurement and reporting can be the enablers for some of the above CLI handling schemes. In this section, those CLI handling schemes are discussed in details.

UE-to-UE co-channel CLI measurement and reporting
The only possible candidate for UE-to-UE co-channel CLI measurement and reporting is L1/L2-based CLI measurement and report reusing CSI framework based on the TR 38.858. The understanding on how to reuse the CSI framework would be the matter to have common understanding on what it is. And what would be the performance benefit can be obtained by it could be questionable. To resolve them all, the detailed scheme of L1/L2-based CLI measurement and report reusing CSI framework is described in section 4.1.1, and the performance benefit obtained from it is described in 4.1.2 based on evaluation.

L1/L2 CLI measurement and report reusing CSI framework
In this section, details of potential enhancements to be considered for L1/L2 CLI measurement and report reusing CSI framework is discussed. Some of complex approach from it could be considered but it can be simplified also. To achieve full flexibility and configurability, complex way would be more appropriate but we think simple enhancement to resolve bottleneck of L3 based CLI measurement and report is enough. That is, latency of the L3 report and hard to get the proper CLI at gNB side due to the L3 filtering.
The simplest way to reuse the CSI framework is to add a resource for CLI measurement and a CLI measurement metric, i.e., CLI-RSSI and SRS-RSRP, to the existing report configuration. In particular, reusing the existing CSI reporting framework for beam management can be considered. CLI measurements are similar in nature to beam management because they are based on RSRP or RSSI rather than complex calculations like CQI/PMI. In addition, it is simple to use a report configuration for CLI reports only, rather than specifying both CSI and CLI measurements in a single report ID. And if the CLI report is treated the same as UCI for CSI and has the same priority as CSI part 2, issues such as priority rules and collisions can be easily resolved. However, in order for CLI report to be reported in a timely manner, which is the target of L1/L2, it would be appropriate to borrow the flexibility of CSI reporting, i.e., the flexibility of measurement resource configuration should be configured to periodic/semi-persistent/aperiodic. Also, in order to measure SBFD specific CLI, the measurement resource considering SBFD configuration (considering SBFD CSI-RS resource configuration) should be considered. Considering L3 CLI reports, event triggered reports could be supported, but whether it is needed can be discussed further if the L1/L2 CLI measurement and report reusing CSI framework is down-selected.

Proposal 3. For L1/L2 CLI measurement and report reusing CSI framework, at least following is enhanced.
· CLI measurement resource, i.e., CLI-RSSI resource and SRS resource is linked to CSI report configuration
· CLI measurement metric, i.e., CLI-RSSI and SRS-RSRP dedicated to CLI measurement is introduced in the CSI report configuration

Based on the above background, L1/L2 based CLI measurement that reuses CSI reporting is discussed. First of all, since the measurement resource is configured in the active DL BWP of the UE, it is applicable regardless of whether the SBFD configuration between gNBs is aligned or unaligned, and the CLI of the UE served by the gNB performing TDD operation can also be measured. In particular, in the case of SRS, the victim UE can measure and report the inter-/intra-cell UE depending on the resource set for CLI measurement to the UE, i.e., whether the inter-cell UE uses the resource for transmission or the intra-cell UE uses the resource for transmission. In other words, it can be applied according to the degree of coordination of the gNBs.
The performance benefit of L1/L2 CLI measurement comes from two main sources. First, by not applying L3 filtering, it is possible to report to the gNB a CLI value that is not averaged over time, i.e., an accurate measure of fast fading of the CLI link. CLI values with L3 filtering are accurate for large scale fading values, but they do not capture environments where fast fading causes CLI to become severe. It is noted that interference measurement included CSI report cannot capture the level of CLI. It is true that interference measurement is included in the CSI report, but it only captures total power of the interference including CLI from all of aggressors and interference from gNBs other than serving gNB and thermal noise. Only with that, gNB cannot find out who is the severe aggressor and needs to be managed.
Secondly, the report interval of L3 measurement is too large for the gNB to understand the CLI in a timely manner. In this regard, the latency of L1/L2 CLI measurement report and L3-based reporting latency based on CSI reporting delay are compared. The latency of L3 based CLI reporting is hard to be accurately estimated since it is RRC signaling. However, it can be derived by how frequently can it be updated. It is noted that report interval of L3 based CLI reporting is different from SRS-RSRP and CLI-RSSI. For SRS-RSRP, the UE shall be capable of reporting SRS-RSRP measurement over measurement period described in TS 38.133. The minimum of measurement period is 60ms, when no DRX. For CLI-RSSI, the minimum value of configurable report interval is 120m. For the maximum value, it is even 30 minutes. On the other hand, the reporting delay of L1/L2 CLI reporting can be considered based on the CSI computation delay. It is noted that beam report timing and CSI computation delay requirement is separated and beam reporting timing is much smaller due to the simplicity compared to the CSI report(e.g., CQI, PMI calculation). It can be considered as minimum latency of the L1/L2 CLI reporting. However, when UE is indicated to perform CSI report and beam report simultaneously, the maximum required gap, i.e., the largest CSI computation delay among them is applied. When SCS of 30khz is considered as in our evaluation, the CSI computation delay requirement 2, , is 72 symbols which is around 2.57ms.
Based on these two factors, i.e., accurate CLI report in timely manner, if the gNB has an accurate understanding of the CLI status of UEs, it can manage inter-UE CLIs through appropriate scheduling techniques or CLI handling techniques, and can manage them to reduce the number of victim UEs. For example, aggressor-victim UE pair-based scheduling, link direction alignment of potential group of aggressor-victim UE pairs, etc. can be considered. Based on the discussion above, we obtained following observation.

Observation 8. For details of UE-to-UE co-channel CLI measurement and report, L1/L2 based CLI measurement reporting based on CSI framework is considered;
· Applicable scenario
· Inter-/intra-cell UE CLI handling
· Aligned/unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· Reduced DL retransmission according to low SINR due to inter-UE CLI
· CLI report latency is reduced severely
· Accurate CLI of reported time can be obtained by not applying L3 filtering
· Potential specification impact in RAN1 and RAN3
· CLI measurement resource enhancement
· Periodic/semi-persistent/aperiodic measurement resource configuration
· SBFD specific resource configuration
· CSI report configuration enhancement to include CLI measurement resource and quantity
· gNB/UE implementation complexity
· CPU occupancy at UE side
· Operation details
· Based on timely manner reported CLI can be used at gNB, how to handle it is up to gNB implementation (E.g., aggressor-victim UE pair-based scheduling, link direction alignment of potential group of aggressor-victim UE pairs)

Performance benefit based on evaluation of L1/L2 CLI measurement and reporting based on CSI framework
In this section, performance between L1/L2 CLI report-based scheduling and L3 CLI report-based scheduling is compared based on the system level simulation. The purpose of this simulation is to compare the performance of aggressor-victim UE pair-based scheduling using L1/L2 & L3 CLI measurement/reporting. 
The CLI measurement resource of the UE is configured by gNB in advance. The CLI measurement/report in the evaluation is performed periodic manner for simplicity. The gNB determines the aggressor-victim UE pair based on the reports received from each terminal, and if the CLI is severe, i.e., exceeds the preset threshold, the gNB delays the reception of the DL of the victim UE until the CLI of the aggressor UE to the victim UE is below the threshold. During that time interval, the gNB performs DL transmission to other UEs whose CLI is not severe and who has information to receive.
 In this evaluation, Urban macro deployment with UE cluster scenario is assumed. And, large packet size (DL: 0.5Mbyte, UL: 0.125Mbyte) is adopted. It is noted that large-scale fading and small-scale fading are considered in gNB-to-UE channel, gNB-to-gNB channel and UE-to-UE channel.
In Rel-18 Duplex Evolution Study Item, two alternatives for UE clustering distribution of Urban Macro and Dense Urban Macro layer were agreed in RAN1#110bis-e [4]. For evaluation, Alt-2 is applied which is baseline of UE clustering distribution that has multi cluster.

	Agreement
For UE clustering distribution of Urban Macro and Dense Urban Macro layer, take Alt-2 as baseline and Alt-3 as optional.
	
	M
	X
	Indoor UE height (m)

	Alt-2
	20
	2
	1.5

	Alt-3
	10
	1
	1.5






To reflect the effects of inter-UE CLI, interference modeling agreed in Rel-18 study item (RAN1#112bis-e [5]) is assumed. The inter-UE CLI modeling reflects in-band emissions in Table 6.4.2.3-1 in TS 38.101-1. 
For evaluation purpose, three of the sub-cases are categorized as follows; sub-case#1 implies that PF scheduling without inter-UE CLI handling, sub-case#2 implies PF scheduling with inter-UE CLI handling based on L1&L2 CLI measurement/report, and sub-case#3 implies PF scheduling with inter-UE CLI handling based on L3 CLI measurement/report, respectively.
In Urban Macro sub-cases #1, #2 and #3, performance of the UEs are evaluated for difference scheduling algorithm in a large packet size environment. The report of CLI measurement from UEs are used for the scheduling algorithm information. To decide severe CLI, received SNR at the UE is used for threshold. That is, when the power of the CLI exceeds the received SNR at the UE, that UE is considered as a victim UE therefore scheduling algorithm to avoid CLI is applied. 
In the case of L1/L2 measurement/report, UE measures CLI in every 5 ms and the measured CLI is reported to gNB. The measurement periodicity and reporting delay are assumed as 5 ms considering practical reporting delay of the CSI report. In case of L3 measurement/report, UE measures CLI in every 5 ms and the measured CLI is fed into the L3-filter. For the filter coefficient, default value for CLI is applied. The output value of the L3-filter is reported every 60 ms.
The L1/L2 CLI report and L3 CLI report is shown in Figure 1.



Figure 1. Comparison of L1/L2 CLI and L3 CLI

Other key assumptions of Urban Macro Sub-cases in FR1 in SBFD system are in Table 1. The detailed evaluation assumptions are provided in Appendix A. 

Table 1: Sub-cases for Urban Macro in FR1.
	Sub-cases
Key assumptions
	SBFD_Uma_FR1_Sub#1
	SBFD_Uma_FR1_Sub#2
	SBFD_Uma_FR1_Sub#3

	Co-site inter-sector
CLI modelling
(Spatial isolation + digital isolation)
	75dB
	
	
	

	
	93dB
	√
	√
	√

	
	100dB
	
	
	

	
	100dB + 10dB
	
	
	

	SBFD slot configuration
	{XXXXU}
	√
	√
	√

	
	{XXXXX}
	
	
	

	BS transmit power
	49dBm
	√
	√
	√

	SBFD antenna configuration
	Twice area&same TxRUs
	√
	√
	√

	
	Same area&same TxRUs
	
	
	

	Packet Size
	DL: 4Kbytes, 
UL: 1Kbyte
	
	
	

	
	DL: 0.5Mbytes, 
UL: 0.125Mbyte
	√
	√
	√

	Power boosting
	With power boosting
	
	
	

	
	Without power boosting
	√
	√
	√

	Basis of Scheduling
	PF without CLI handling
	√
	
	

	
	PF with CLI handling based on L1/L2 CLI measurement/report
	
	√
	

	
	PF with CLI handling based on L3 CLI measurement/report
	
	
	√



In Table 2, DL and UL resource utilization is provided. In DL and UL RU, it is calculated by used resource divided by downlink configured resource. So, it is categorized as type 2 (type 1 RU is used resource per all resource). In case of DL UE scheduling in UE to UE CLI severe case, scheduling could improve DL UE throughput by exchanging order of CLI severe UE traffic and CLI less UE traffic. In evaluation result, each subcase shows DL UE average throughput according to basis of scheduling. Table 3 shows the comparison of DL UE average throughput between each subcase. In appendix B, the exact numeral value of DL UE average throughput performance of each subcase is provided according to basis of scheduling.

Table 2: DL&UL resource utilization (type 2)
	　
	DL RU (type2)
	UL RU (type2)

	sub-case#1
(No inter-UE CLI handling)
	45.1
	38.6

	sub-case#2
(Inter-UE CLI handling based on 
L1&L2 measurement/report)
	40.3
	37.4

	sub-case#3
(Inter-UE CLI handling based on 
L3 measurement/report)
	41.5
	37.6



Table 3. UE DL throughput comparison (%)
	
	5%
	10%
	15%
	50%
	95%
	Mean

	Subcase 1 vs. Subcase 2
	19.70
	23.75
	8.24
	0.39
	0.67
	0.33

	Subcase 3 vs. Subcase 2
	15.98
	20.50
	10.23
	-0.04
	0.46
	0.44



DL UE average throughput means it averaged DL throughput per single UE. So, the throughput is collected and distributed with the CDF in Table B. Table 3 means the comparison between each subcase based on value of Table B.
With comparing SBFD_Uma_FR1_Sub#1~3, assuming inter-UE CLI, Packet size with 0.5Mbytes for DL, about 40~45 DL resource utilization, 
· Mean of sub-case#2 is enhanced from 220.2 to 220.9 which is 0.33% in percentage with comparing sub-case#1.
· Mean of sub-case#2 is enhanced from 220.0 to 220.9 which is 0.44% in percentage with comparing sub-case#3.
· 5%ile of sub-case#2 is enhanced from 8.8 to 10.6 which is 19.7% in percentage with comparing sub-case#1.
· 5%ile of sub-case#2 is enhanced from 9.1 to 10.6 which is 15.98% in percentage with comparing sub-case#3.
· 10%ile of sub-case#2 is enhanced from 18.1 to 22.4 which is 23.75% in percentage with comparing sub-case#1.
· 10%ile of sub-case#2 is enhanced from 18.6 to 22.4 which is 20.50% in percentage with comparing sub-case#3.
· 15%ile of sub-case#2 is enhanced from 35.4 to 38.3 which is 8.24% in percentage with comparing sub-case#1.
· 15%ile of sub-case#2 is enhanced from 34.8 to 38.3 which is 10.23% in percentage with comparing sub-case#3.
· 50%ile of sub-case#2 is enhanced from 202.5 to 203.3 which is 0.39% in percentage with comparing sub-case#1.
· 50%ile of sub-case#2 is degraded from 203.4 to 203.3 which is 0.04% in percentage with comparing sub-case#3.
· 95%ile of sub-case#2 is enhanced from 505.3 to 508.7 which is 0.67% in percentage with comparing sub-case#1.
· 95%ile of sub-case#2 is enhanced from 506.3 to 508.7 which is 0.46% in percentage with comparing sub-case#3.
With above result, followings are observed;
With comparing scheduling with basis of sub-case#1 and 2, the mean, 5%ile, 10%ile, 15%ile, 50%ile and 95%ile values of DL UE average throughput is enhanced 0.33%, 19.7%, 23.75%, 8.24%, 0.39% and 0.67%, respectively. It means, in Urban Macro scenario, the L1&L2 measurement/report based scheduling enhance DL average throughput of tail UE more than 23% than without additional scheduling.
With comparing scheduling with basis of sub-case#3 and 2, the mean, 5%ile, 50%ile and 95%ile values of DL UE average throughput is enhanced or degraded 0.44%, 15.98%, 20.50%, 10.23%, -0.04% and 0.46%, respectively. It means, in Urban Macro scenario, the L1&L2 measurement/report based scheduling enhance DL average throughput of tail UE more than 20% than L3 measurement/report.

Observation 9. Compared to the sub-case#1 (i.e, no inter-UE CLI handling), packet size with 0.5Mbytes for DL, about 40-45 DL resource utilization,
· with inter-UE CLI handling based on L1/L2 based CLI measurement and report, mean, 5%ile, 10%ile, 15%ile, 50%ile and 95%ile values of DL UE average throughput is enhanced 0.33%, 19.7%, 23.75%, 8.24%, 0.39% and 0.67%, respectively.

Observation 10. Compared to the inter-UE CLI handling based on L3 CLI measurement and report, packet size with 0.5Mbytes for DL, about 40-45 DL resource utilization,
· with inter-UE CLI handling based on L1/L2 based CLI measurement and report, mean, 5%ile, 10%ile, 15%ile, 50%ile and 95%ile values of DL UE average throughput is enhanced or degraded 0.44%, 15.98%, 20.50%, 10.23%, -0.04% and 0.46%, respectively.

Observation 11. In Urban Macro scenario, DL UE average throughput of 5%ile, 10%ile and 15%ile of UE is enhanced when inter-UE CLI is handled based on L1/L2 based CLI measurement and report.

Based on the evaluation described throughout the section, we obtained following observation.

Observation 12. When performing scheduling for victim DL UEs to avoid UL UEs causing severe CLI,
· Using inter-UE CLI handling based on L1/L2 based CLI measurement and report is beneficial to improves the DL throughput performance of DL UEs.

Coordinated scheduling
The coordinated scheduling, i.e., the SBFD time and frequency configuration exchange between gNBs, is captured in TR that it is applicable for both gNB-to-gNB CLI handling and UE-to-UE CLI handling. It is also our understanding that the coordinated scheduling would inform the gNB where potentially gNB-to-gNB CLI and UE-to-UE CLI can exist, with the actual handling being up to implementation. Based on that, the coordinated scheduling described in section 3.3 for inter-gNB CLI handling is equally applicable to coordinated scheduling for UE-to-UE CLI handling.

Spatial domain-based solution
According to the TR, the detailed scheme of spatial domain-based solution for UE-to-UE CLI handling is Rx beam configuration for CLI measurement. In our understanding, this cannot be reflected in L3-based CLI measurement and report, so it is thought to be an enhancement of or something included in L1/L2 CLI measurement.
In the case of existing CLI measurement, CLI is measured with the same beam as data reception, i.e., UE can assume the configured CLI measurement resources are QCL-ed with TypeD to one of the latest received PDSCH and the latest monitored CORESET. It is reasonable assumption that data reception beam is applied to CLI measurement considering what needs to be reported is how much CLI impacts on the data reception. However, if a dedicated beam is used for CLI measurement, i.e. Rx beam is configured which is not aligned to the data reception, switching is required if different beams are directed between data reception and CLI measurement, and a separate UE capability for this may be required if it is the same time resource, or a minimum timing requirement for beam switching between data reception and CLI measurement may be required even if it is not the same time resource. Nevertheless, if beam level CLI measurement is possible, there is a possibility that the gNB will be better able to schedule or change the beam due to the accurately measured CLI and thus reduce DL reception failures. Based on the discussion above, we obtained following observation.

Observation 13. For details of spatial domain-based solution, Rx beam configuration for CLI measurement is considered;
· Applicable scenario
· Inter-/intra-cell UE-to-UE CLI handling
· Aligned/unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· Reduced DL reception failure according to low SINR due to inter-UE CLI
· Potential specification impact in RAN1 and RAN3
· Anything related to L1/L2 CLI measurement
· gNB/UE implementation complexity
· CPU occupancy at UE side
· Rx beam change at UE side between CLI measurement and data reception
· UE capability related to simultaneous data reception and CLI measurement (if needed)
· Operation details
· Same as L1/L2 CLI measurement/report

Power control-based solution
The power control for UE-to-UE CLI handling is similar to the power control-based solution for gNB-to-gNB CLI handling, and it is to have separate power control parameters depending on the presence or absence of CLI. This has the advantage that it can be applied not only to intra-cell UE-to-UE CLI but also to inter-cell UE-to-UE CLI depending on the degree of cooperation between gNBs. If applied appropriately, it can have the effect of boosting the received SINR of DL receiving UEs. On the other hand, reducing the transmit power for the purpose of UE-to-UE CLI reduction may result in UL reception failure of the corresponding UE since the transmit power of a UE is usually configured for the purpose of successful reception at the gNB. The other important point is that whenever the aggressor UE reduces the transmit power, it should be based on the indication of the gNB. In other words, it is the gNB that determines the presence or absence of UE-to-UE CLI. The gNB to which the aggressor UE belongs determines that the UE is an aggressor by the report from the victim UE and indicates the aggressor UE to reduce the transmit power. For this purpose, CLI report in a timely manner is essential, and therefore L1/L2 based CLI measurement and report is required. Based on the discussion above, we obtained following observation.

Observation 14. For details of power control-based solution, separate power control parameter of UE Tx power control is considered;
· Applicable scenario
· Inter-/intra-cell UE-to-UE CLI handling
· Aligned/unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· DL received SINR boosting when aggressor UE Tx power reduction is applicable
· Potential specification impact in RAN1 and RAN3
· Anything related to L1/L2 CLI measurement and report
· Dynamic UE Tx power control
· gNB/UE implementation complexity
· Dynamic UE Tx power control at UE side
· Operation details
· When aggressor UE cannot reduce power to successful reception at gNB, performance benefit can be degraded.

Comparison between schemes
In this section, what we discussed in section 3 and 4 is summarized into two tables separately for fair comparison of the schemes.
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Table 4. gNB-to-gNB co-channel CLI handling schemes
	Scheme
	Details
	Applicable scenario
	Performance benefits
	Potential specification impact
	Implementation complexity
	Operational details

	gNB-to-gNB co-channel CLI and/or channel measurements
	RSSI-like measurement targeting to CLI avoidance
	Inter-gNB CLI handling
Aligned/unaligned SBFD configuration between gNBs, including TDD
	Reduced UL retransmission according to low SINR due to inter-gNB CLI
	Information exchange or indication to victim gNB, which related to time/frequency location of transmission of potential aggressor gNBs (if needed)
Measurement at victim gNB is handled by gNB implementation
	Dynamic UE Tx power control at UE side (if needed)
Dynamic UE Tx cancellation at UE side (if needed)
	Victim gNB detects interference including CLI from aggressor gNB
When detected, the handling of it is up to gNB implementation, e.g., UE Tx power boosting or UE Tx cancellation

	
	RSSI-like measurement targeting to CLI cancellation
	Inter-gNB CLI handling
Unaligned SBFD configuration between gNBs, including TDD
	UL received SINR boosting by MMSE-IRC
	Information exchange or indication to victim gNB, which related to time/frequency location of transmission of potential aggressor gNBs
When non-transparent UL resource muting is introduced, spec impact related to it (e.g., UE Tx power control enhancement, UL resource muting pattern, etc) (if needed)
	MMSE-IRC receiver at gNB side
Anything related to UL resource muting (if introduced) at UE side
	Victim gNB measures interference channel based on RSSI-like measurement
When measured, MMSE-IRC receiver is applied at victim gNB

	
	RSRP-like measurement targeting to CLI cancellation
	Inter-gNB CLI handling
Unaligned SBFD configuration between gNBs, including TDD
	UL received SINR boosting by eMMSE-IRC
	Information related to reference signal of potential aggressor gNB needs to be exchanged or informed to potential victim gNB
Channel measurement procedure between gNBs
When non-transparent UL resource muting is introduced, spec impact related to it (e.g., UE Tx power control enhancement, UL resource muting pattern, etc)
	eMMSE-IRC receiver at gNB side
Anything related to UL resource muting (if introduced) at UE side
	The victim gNB measures interference based on RSRP-like measurement relying on informed/exchanged reference signal transmitted by aggressor gNB
The gNBs other than target aggressor gNBs is muted while victim gNB measures channel from the target aggressor gNB.

	Spatial domain-based solution
	Tx beam nulling
	Inter-gNB CLI handling
Aligned/unaligned SBFD configuration between gNBs, including TDD
	UL received SINR boosting when aggressor applies Tx beam nulling
	Anything related to RSRP-like channel measurement between gNBs
Signaling between gNBs to enable victim gNB report/informs CLI to aggressor gNB
	Tx null beamforming at gNB side without severe performance degradation
	Channel reciprocity between victim and aggressor gNB needs to be ensured

	
	Beam pairing
	Inter-gNB CLI handling for intra-operator
Aligned/unaligned SBFD configuration between gNBs, including TDD
	UL received SINR boosting when aggressor applies requested Tx beam
	Anything related to RSSI-like channel measurement between gNBs
Signaling between gNBs on preferred/prohibited beam
	Tilted Tx/Rx analog beamforming at gNB side
	For inter-operator scenario, it cannot be guaranteed that the requested beam will be applied by the aggressor gNB.

	Coordinated scheduling
	semi-static SBFD time and frequency configuration exchange between gNBs
	Inter-gNB CLI handling
Aligned/unaligned SBFD configuration between gNBs, including TDD
	gNB can aware of CLI induced by SBFD, and handling of it is up to gNB implementation
	Signaling between gNBs on SBFD configuration
	None
	If dynamic SBFD is not considered, SBFD configuration of the gNBs does not need to be updated

	Power control-based solution
	UE Tx power control
	Inter-/intra-gNB CLI handling
Aligned/unaligned SBFD configuration between gNBs, including TDD
	UL received SINR boosting when UE Tx power boosting is applicable
	UE Tx power control
	Dynamic UE Tx power control at UE side
	When UE does not have power headroom, performance benefit can be degraded.
UE-to-UE co-channel CLI can be increased due to Tx power boosting



Based on the discussion in section 3 and the Table 4, we obtained following proposal.

Proposal 4. For gNB-to-gNB co-channel CLI handling schemes, followings are supported;
· gNB-to-gNB co-channel CLI and/or channel measurement, especially RSSI-like measurement targeting to CLI cancellation
· Coordinated scheduling, especially semi-static SBFD time and frequency configuration exchange between gNBs



Table 5. UE-to-UE co-channel CLI handling schemes
	

	Details
	Applicable scenario
	Performance benefits
	Potential specification impact
	Implementation complexity
	Operational details

	UE-to-UE co-channel CLI measurement and reporting
	L1/L2 based CLI measurement reporting based on CSI framework
	Inter-/intra-cell UE CLI handling
Aligned/unaligned SBFD configuration between gNBs, including TDD
	Reduced DL retransmission according to low SINR due to inter-UE CLI
CLI report latency is reduced severely
Accurate CLI of reported time can be obtained by not applying L3 filtering
Using inter-UE CLI handling based on L1/L2 based CLI measurement and report is beneficial to improves the DL throughput performance.
	CLI measurement resource enhancement
-	Periodic/semi-persistent/aperiodic measurement resource configuration
-	SBFD specific resource configuration
CSI report configuration enhancement to include CLI measurement resource and quantity
	CPU occupancy at UE side
	Based on timely manner reported CLI can be used at gNB, how to handle it is up to gNB implementation (E.g., aggressor-victim UE pair-based scheduling, link direction alignment of potential group of aggressor-victim UE pairs)

	Coordinated scheduling
	semi-static SBFD time and frequency configuration exchange between gNBs
	Inter-gNB CLI handling
Aligned/unaligned SBFD configuration between gNBs, including TDD
	gNB can aware of CLI induced by SBFD, and handling of it is up to gNB implementation
	Signaling between gNBs on SBFD configuration
	None
	If dynamic SBFD is not considered, SBFD configuration of the gNBs does not need to be updated

	Spatial domain based solution
	Rx beam configuration for CLI measurement
	Inter-/intra-cell UE-to-UE CLI handling
Aligned/unaligned SBFD configuration between gNBs, including TDD
	Reduced DL reception failure according to low SINR due to inter-UE CLI
	Anything related to L1/L2 CLI measurement
	CPU occupancy at UE side
Rx beam change at UE side between CLI measurement and data reception
UE capability related to simultaneous data reception and CLI measurement (if needed)
	Same as L1/L2 CLI measurement/report

	Power control-based solution
	separate power control parameter of UE Tx power control
	Inter-/intra-cell UE-to-UE CLI handling
Aligned/unaligned SBFD configuration between gNBs, including TDD
	DL received SINR boosting when aggressor UE Tx power reduction is applicable
	Anything related to L1/L2 CLI measurement and report
Dynamic UE Tx power control
	Dynamic UE Tx power control at UE side
	When aggressor UE cannot reduce power to successful reception at gNB, performance benefit can be degraded.



Based on the discussion in section 4 and Tables 5, we obtained following proposal.

Proposal 5. For UE-to-UE co-channel CLI handling schemes, followings are supported;
· UE-to-UE co-channel CLI measurement and reporting, especially L1/L2 based CLI measurement/report reusing CSI framework
· Coordinated scheduling, especially semi-static SBFD time and frequency configuration exchange between gNBs


Summary
In this contribution, we have discussed on potential enhancements on CLI handling. From the discussion, we obtained following proposals and observations;

Proposal 1. To start cross-scheme comparison without confusion, details of the scheme needs to be specified first. Based on that, following aspects are used for the comparison between detailed schemes
· Applicable scenario
· Performance benefit based on analysis and/or evaluation
· Specification impact in RAN1 and RAN3
· gNB/UE implementation complexity
· Operation details.

Proposal 2. When discussing the details of each scheme captured in the agreement for down-selection, it is based on the CLI handling scheme for the SBFD described in TR 38.858.

Proposal 3. For L1/L2 CLI measurement and report reusing CSI framework, at least following is enhanced.
· CLI measurement resource, i.e., CLI-RSSI resource and SRS resource is linked to CSI report configuration
· CLI measurement metric, i.e., CLI-RSSI and SRS-RSRP dedicated to CLI measurement is introduced in the CSI report configuration

Proposal 4. For gNB-to-gNB co-channel CLI handling schemes, followings are supported;
· gNB-to-gNB co-channel CLI and/or channel measurement, especially RSSI-like measurement targeting to CLI cancellation
· Coordinated scheduling, especially semi-static SBFD time and frequency configuration exchange between gNBs

Proposal 5. For UE-to-UE co-channel CLI handling schemes, followings are supported;
· UE-to-UE co-channel CLI measurement and reporting, especially L1/L2 based CLI measurement/report reusing CSI framework
· Coordinated scheduling, especially semi-static SBFD time and frequency configuration exchange between gNBs

Observation 1. For details of gNB-to-gNB co-channel CLI and/or channel measurement, RSSI-like measurement targeting to CLI avoidance is considered;
· Applicable scenario
· Inter-gNB CLI handling
· Aligned/unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· Reduced UL retransmission according to low SINR due to inter-gNB CLI
· Potential specification impact in RAN1 and RAN3
· Information exchange or indication to victim gNB, which related to time/frequency location of transmission of potential aggressor gNBs (if needed)
· Measurement at victim gNB is handled by gNB implementation
· gNB/UE implementation complexity
· Dynamic UE Tx power control at UE side (if needed)
· Dynamic UE Tx cancellation at UE side (if needed)
· Operation details
· Victim gNB detects interference including CLI from aggressor gNB
· When detected, the handling of it is up to gNB implementation, e.g., UE Tx power boosting or UE Tx cancellation

Observation 2. For details of gNB-to-gNB co-channel CLI and/or channel measurement, RSSI-like measurement targeting to CLI cancellation is considered;
· Applicable scenario
· Inter-gNB CLI handling
· Unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· UL received SINR boosting by MMSE-IRC
· Potential specification impact in RAN1 and RAN3
· Information exchange or indication to victim gNB, which related to time/frequency location of transmission of potential aggressor gNBs
· When non-transparent UL resource muting is introduced, spec impact related to it (e.g., UE Tx power control enhancement, UL resource muting pattern, etc) (if needed)
· gNB/UE implementation complexity
· MMSE-IRC receiver at gNB side
· Anything related to UL resource muting (if introduced) at UE side
· Operation details
· Victim gNB measures interference channel based on RSSI-like measurement
· When measured, MMSE-IRC receiver is applied at victim gNB

Observation 3. For details of gNB-to-gNB co-channel CLI and/or channel measurement, RSRP-like measurement targeting to CLI cancellation is considered;
· Applicable scenario
· Inter-gNB CLI handling
· Unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· UL received SINR boosting by eMMSE-IRC
· Potential specification impact in RAN1 and RAN3
· Information related to reference signal of potential aggressor gNB needs to be exchanged or informed to potential victim gNB
· Channel measurement procedure between gNBs
· When non-transparent UL resource muting is introduced, spec impact related to it (e.g., UE Tx power control enhancement, UL resource muting pattern, etc)
· gNB/UE implementation complexity
· eMMSE-IRC receiver at gNB side
· Anything related to UL resource muting (if introduced) at UE side
· Operation details
· The victim gNB measures interference based on RSRP-like measurement relying on informed/exchanged reference signal transmitted by aggressor gNB
· The gNBs other than target aggressor gNBs is muted while victim gNB measures channel from the target aggressor gNB.

Observation 4. For details of spatial domain-based solution, Tx beam nulling is considered;
· Applicable scenario
· Inter-gNB CLI handling
· Aligned/unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· UL received SINR boosting when aggressor applies Tx beam nulling
· Potential specification impact in RAN1 and RAN3
· Anything related to RSRP-like channel measurement between gNBs
· Signaling between gNBs to enable victim gNB report/informs CLI to aggressor gNB
· gNB/UE implementation complexity
· Tx null beamforming at gNB side without severe performance degradation
· Operation details
· Channel reciprocity between victim and aggressor gNB needs to be ensured

Observation 5. For details of spatial domain-based solution, beam pairing is considered;
· Applicable scenario
· Inter-gNB CLI handling for intra-operator
· Aligned/unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· UL received SINR boosting when aggressor applies requested Tx beam
· Potential specification impact in RAN1 and RAN3
· Anything related to RSSI-like channel measurement between gNBs
· Signaling between gNBs on preferred/prohibited beam
· gNB/UE implementation complexity
· Tilted Tx/Rx analog beamforming at gNB side
· Operation details
· For inter-operator scenario, it cannot be guaranteed that the requested beam will be applied by the aggressor gNB.

Observation 6. For details of coordinated scheduling, semi-static SBFD time and frequency configuration exchange between gNBs is considered;
· Applicable scenario
· Inter-gNB CLI handling
· Aligned/unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· gNB can aware of CLI induced by SBFD, and handling of it is up to gNB implementation
· Potential specification impact in RAN1 and RAN3
· Signaling between gNBs on SBFD configuration
· gNB/UE implementation complexity
· None
· Operation details
· If dynamic SBFD is not considered, SBFD configuration of the gNBs does not need to be updated

Observation 7. For details of power control-based solution, UE Tx power control is considered;
· Applicable scenario
· Inter-/intra-gNB CLI handling
· Aligned/unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· UL received SINR boosting when UE Tx power boosting is applicable
· Potential specification impact in RAN1 and RAN3
· UE Tx power control
· gNB/UE implementation complexity
· Dynamic UE Tx power control at UE side
· Operation details
· When UE does not have power headroom, performance benefit can be degraded.
· UE-to-UE co-channel CLI can be increased due to Tx power boosting

Observation 8. For details of UE-to-UE co-channel CLI measurement and report, L1/L2 based CLI measurement reporting based on CSI framework is considered;
· Applicable scenario
· Inter-/intra-cell UE CLI handling
· Aligned/unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· Reduced DL retransmission according to low SINR due to inter-UE CLI
· CLI report latency is reduced severely
· Accurate CLI of reported time can be obtained by not applying L3 filtering
· Potential specification impact in RAN1 and RAN3
· CLI measurement resource enhancement
· Periodic/semi-persistent/aperiodic measurement resource configuration
· SBFD specific resource configuration
· CSI report configuration enhancement to include CLI measurement resource and quantity
· gNB/UE implementation complexity
· CPU occupancy at UE side
· Operation details
· Based on timely manner reported CLI can be used at gNB, how to handle it is up to gNB implementation (E.g., aggressor-victim UE pair-based scheduling, link direction alignment of potential group of aggressor-victim UE pairs)

Observation 9. Compared to the sub-case#1 (i.e, no inter-UE CLI handling), packet size with 0.5Mbytes for DL, about 40-45 DL resource utilization,
· with inter-UE CLI handling based on L1/L2 based CLI measurement and report, mean, 5%ile, 10%ile, 15%ile, 50%ile and 95%ile values of DL UE average throughput is enhanced 0.33%, 19.7%, 23.75%, 8.24%, 0.39% and 0.67%, respectively.

Observation 10. Compared to the inter-UE CLI handling based on L3 CLI measurement and report, packet size with 0.5Mbytes for DL, about 40-45 DL resource utilization,
· with inter-UE CLI handling based on L1/L2 based CLI measurement and report, mean, 5%ile, 10%ile, 15%ile, 50%ile and 95%ile values of DL UE average throughput is enhanced or degraded 0.44%, 15.98%, 20.50%, 10.23%, -0.04% and 0.46%, respectively.

Observation 11. In Urban Macro scenario, DL UE average throughput of 5%ile, 10%ile and 15%ile of UE is enhanced when inter-UE CLI is handled based on L1/L2 based CLI measurement and report.

Observation 12. When performing scheduling for victim DL UEs to avoid UL UEs causing severe CLI,
· Using inter-UE CLI handling based on L1/L2 based CLI measurement and report is beneficial to improves the DL throughput performance of DL UEs.

Observation 13. For details of spatial domain-based solution, Rx beam configuration for CLI measurement is considered;
· Applicable scenario
· Inter-/intra-cell UE-to-UE CLI handling
· Aligned/unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· Reduced DL reception failure according to low SINR due to inter-UE CLI
· Potential specification impact in RAN1 and RAN3
· Anything related to L1/L2 CLI measurement
· gNB/UE implementation complexity
· CPU occupancy at UE side
· Rx beam change at UE side between CLI measurement and data reception
· UE capability related to simultaneous data reception and CLI measurement (if needed)
· Operation details
· Same as L1/L2 CLI measurement/report

Observation 14. For details of power control-based solution, separate power control parameter of UE Tx power control is considered;
· Applicable scenario
· Inter-/intra-cell UE-to-UE CLI handling
· Aligned/unaligned SBFD configuration between gNBs, including TDD
· Performance benefit (based on analysis and/or evaluation)
· DL received SINR boosting when aggressor UE Tx power reduction is applicable
· Potential specification impact in RAN1 and RAN3
· Anything related to L1/L2 CLI measurement and report
· Dynamic UE Tx power control
· gNB/UE implementation complexity
· Dynamic UE Tx power control at UE side
· Operation details
· When aggressor UE cannot reduce power to successful reception at gNB, performance benefit can be degraded.

Reference
[1] RP-234035, “New WID: Evolution of NR duplex operation: Sub-band full duplex (SBFD)” Edinburgh, CMCC, Scotland, December 11-15, 2023
[2] “Study on evolution of NR duplex operation”, 3GPP TR 38.858 V18.0.0
[3] R1-2401635, “Summary #3 of CLI handling”, Huawei, Athens, Greece, February 26 – March 1, 2024
[4] Chair’s note in RAN1#110bis-e meeting
[5] Chair’s note in RAN1#112bis-e meeting
Appendix A: SLS evaluation assumptions
Table A. Evaluation assumption for Urban Macro
	Parameters
	Evaluation assumption

	Carrier Frequency
	FR1: 4GHz

	Layout
	Single layers:
- Macro layer: Hex. Grid, 7 BSs, 3 sectors per BS 
Min. distance btw macro-to-macro: 500m


	UE distribution
	420 UEs (20 UEs per BS)
UE clustering. 80% of indoor UEs, 20% of outdoor UEs
Indoor UEs: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)
Min. distance btw macro-to-UE: 35m


	System bandwidth/
Subcarrier spacing
	4GHz: 100MHz / 30kHz (273RBs)


	Tx power
	Macro Tx power: 49dBm
UE max. Tx power: 23dBm


	BS antenna configuration
	FR1: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ

	UE antenna configuration
	FR1: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = 0.5

	Large-scale channel parameters
	Below 6GHz:
- Macro-to-UE: UMa in TR 38.901
- Macro-to-Macro: UMa in TR 38.901 (hUE =25m)
- UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m).

	Small-scale channel parameters
	Below 6GHz:
- Macro-to-UE: UMa in TR 38.901
- Macro-to-Macro: UMa O2O in TR 38.901 (hUE =25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
- UE-to-UE: UMi-Street canyon in TR 38.901; ASD and ZSD statistics updated to be the same as ASA and ZSA

	Traffic model
	FTP traffic model 3
Downlink: 500 KB/packet
Uplink: 125 KB/packet

	DL/UL resource pattern
	SBFD: XXXXUXXXXU
UL/DL configuration in S slot
S=[12D:2G:0U]
DL and UL PRBs in X slot
- DL RB: 208 RBs
- UL RB: 55 RBs
- Guard RB: 10 RBs

	Resource pattern flexibility
	Static and common DL/UL resource pattern among cells

	ASIR for CLI
	SBFD: 
	
	FR1
	FR2-1

	BS ACLR
	45 dB
	28 dB

	BS ACS
	46 dB
	23.5 dB

	UE ACLR
	30 dB
	23 dB

	UE ACS
	33 dB
	23 dB

	BS 
	62 dB
	-




	Residual self-interference
	SBFD: UL receiver sensitivity degradation due to self-interference is 1dB


	Packet dropping timer
	2000 slots
(A packet is in outage if this packet failed to be successfully received by destination receiver beyond “Packet dropping timer)

	Output
	UE average DL/UL packet throughput (Mbps)
· UE average DL/UL throughput: Harmonic mean of packet size / packet delay
· Mean/5%/10%/15%/50%/95% Average-UPT: The mean/5%/10%/15%/50%/95% value of Average-UPTs for all users.


	[bookmark: _Hlk163137471]Resource Utilization
	Type-2 RU definition (calculated per link direction) is used



Appendix B: Result of DL UE average throughput performance
Table B. Result of DL UE average throughput performance
	Sub-cases
Percentile
	SBFD_UMa_FR1_Sub#1
	SBFD_UMa_FR1_Sub#2
	SBFD_Uma_FR1_Sub#3

	5%
	8.8
	10.6
	9.1

	10%
	18.1
	22.4
	18.6

	15%
	35.4
	38.3
	34.8

	50%
	202.5
	203.3
	203.4

	95%
	505.3
	508.7
	506.3

	Mean
	220.2
	220.9
	220.0
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