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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. 



According to the objective, the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117 for both of gNB-to-gNB and UE-to-UE co-channel CLI handling schemes. In this contribution, each of detailed CLI handling schemes are discussed for the down-selection among CLI handling schemes.

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
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
For the gNB-to-gNB co-channel CLI and/or channel measurement, two possible enhancements are discussed; non-transparent UL muting and transparent UL muting. It should be noted that for transparent UL muting, there is no following specification impact since it is not specified in the last meeting. To decide whether to support non-transparent UL muting, metrics for comparison should be identified first.
First of all, uplink latency and/or throughput should be accounted for. When uplink transmission occasion is dropped instead of transmitted with muted resources, uplink latency would be increased. That caused the main performance benefit obtained by the evaluation results during the study item phase. Even between the uplink muting methods, the amount of the resources muted on the PUSCH may impact on the uplink throughput. Those aspects should be accounted for the down-selection and making decision whether to support this feature.
The other thing to be considered is additional signaling overhead to indicate UL resource muting. It depends on how much resources are required for the gNB to estimate channel and/or CLI from the aggressor gNB and the indication methods for the UL resource muting to the UE. For example, when the UL resource muting is indicated via DCI only and the victim gNB requires quite a long period of the time to measure the CLI and/or channel from the aggressor gNB, then the signaling overhead would be unnecessarily increased.
The purpose of the UL resource muting is to enable measurement of channel and/or CLI between gNBs. To enable measurement between gNBs, it should be assumed that from victim gNB side, uplink reception timing should be aligned between the UE and the aggressor gNB. It can be discarded for following cases; when the  uplink reception timing difference between UE and the aggressor gNB is within CP or the muted resource is continuous in time domain. 

Observation 1. following metric is used to compare UL resource muting schemes
· UL latency and/or throughput
· Signaling overhead to indicate UL resource muting
· Timing alignment of uplink reception timing from the UE and the aggressor gNB
· Potential impact on UL channel estimation

Transparent UL muting
By definition, transparent UL muting exploits the methods already supported by specification or gNB scheduling to mute specific UL resources which is to be used for CLI and/or channel measurement. There are several methods to enable it. Firstly, it can be supported by gNB scheduling, i.e., not scheduling. It is the simplest way but has drawback that uplink latency can be increased and the uplink throughput is degraded by not transmitting. On the other hand, UL CI (i.e., uplink cancellation indication) introduced in Rel-17 URLLC can be considered. It is readily supported by existing specification but it only can be indicated by DCI therefore can have increased signaling overhead when gNB requires quite a long time of muted resources, e.g., for periodic or semi-persistent muted resource is required to be indicated. The other methods can be used is muting CDM group of DMRS. That is, when the DMRS of the PUSCH is CDM grouped, the CDM group that is not used by the scheduled UE can be indicated to be muted. It is applicable for the PUSCH scheduled by DCI format 0_1, by activation DCI format 0_1 with CRC scrambled by CS-RNTI, or configured by configured grant Type 1 configuration. It is generally applicable to most of the scheduled PUSCH.

Observation 2. For gNB-to-gNB co-channel CLI and/or channel measurement, transparent UL resource muting can be enabled by following methods
· gNB scheduling (i.e., not scheduling)
· UL CI(uplink cancellation indication) introduced in Rel-16 URLLC
· Muting CDM group of DMRS

Among the above-mentioned methods for the transparent UL resource muting, muting CDM group of DMRS has advantage on several aspects compared to the other possible methods. First of all, it can be generally applied without considering capability of the UEs and the required muted resources in victim gNB perspective since it is applicable to DCI scheduled PUSCH and CG PUSCH. The uplink latency is not impacted since UE transmits PUSCH with muted CDM group of DMRS rather than the omission of transmission. Moreover, it does not degrade the uplink throughput at all since it is not muting the resources where data is to be transmitted when the multiple UEs are scheduled for the CDM group.
However, it also has potential drawbacks. Only the specific REs which is used by CDM group of DMRS can be muted, it may impact on the estimation of uplink channel of the UE in victim gNB perspective due to the fact that transmit power of the aggressor gNB is greater than that of the UE. The estimation performance of channel and/or CLI from the aggressor gNB is impacted when the reception timing between aggressor gNB and the UE is not aligned, moreover it will directly impact on the uplink channel estimation.

Observation 3. Muting CDM group of DMRS for transparent UL resource muting has following pros and cons
· UL latency is not increased and UL throughput is not reduced due to muted resource
· No additional signaling overhead
· Uplink reception timing from the UE and the aggressor gNB needs to be aligned
· UL channel estimation may be degraded due to the Tx power difference of UE and gNB

Non-transparent UL muting
For the non-transparent muting, detailed candidate scheme with potential specification impact is specified by following agreement in RAN1#116bis.[6]
	Agreement
If non-transparent UL resource muting is supported for interference covariance matrix measurement for gNB-to-gNB CLI handling, the following are recommended to be specified
· Definition and indication of UL resource muting pattern
· Collision with DMRS/PTRS
· PUSCH resource mapping, i.e., rate-matching around the muted REs
· UCI resource determination
· Power allocation in symbols with muted REs considering potential impact to phase continuity 
· TB size determination
Note: The existing reference signal time-frequency resource pattern, e.g., PT-RS, comb-2 SRS, are the candidates for the UL resource muting pattern.
Note: Consider pattern without adverse impact on PAPR
Note: The potential impact on transmit signal quality/MPR requirement may need to checked with RAN4.
Note: The above does not apply for PUSCH transmission during random access procedures.

Agreement
If non-transparent UL resource muting is supported for gNB-to-gNB CLI measurement for gNB-to-gNB CLI handling, the following are recommended to be specified
· Definition and indication of UL resource muting pattern
· Collision with DMRS/PTRS
· PUSCH resource mapping, i.e., rate-matching around the muted REs
· UCI resource determination
· Power allocation in symbols with muted REs considering potential impact to phase continuity 
· TB size determination
· Exchange of information across gNBs on measurement resources 
Note: The existing reference signal time-frequency resource pattern, e.g., CSI-RS, are used to determine the UL resource muting pattern.
Note: Consider pattern without adverse impact on PAPR
Note: The potential impact on transmit signal quality/MPR requirement may need to checked with RAN4.
Note: The above does not apply for PUSCH transmission during random access procedures.



The key difference between the agreements and the options are whether to reuse the time-frequency resource pattern of the reference signal and which one of the patterns is used. It should be noted that whether the existing muting pattern is reused or which one of it is reused, specification impact mentioned in the agreement is not impacted. No matter which one is used, it does not change the fact that uplink resource muting is to be indicated some of the resource used for the PUSCH. Therefore followings should be enhanced; PUSCH resource mapping, i.e., rate-matching around the muted REs, UCI resource determination, power allocation in symbols with muted REs considering potential impact to phase continuity, TB size determination. 

Observation 4. The listed potential specification impacts are not influenced by whether the existing reference signal time-frequency resource pattern is used for UL resource muting pattern or not.

The only method not to avoid such specification impact is to mute resources that is originally not used for the PUSCH data transmission. In that perspective, non-transparent UL resource muting can be divided into two parts. The first one is resource of PUSCH which is not originally used for data transmission, i.e., reference signal, is muted. It is noted that PTRS is only captured in the agreement where DMRS is not, the only candidate for it will be PTRS. The other part will be specific group of REs of PUSCH, which is originally used for the data transmission, is muted. As captured in the agreement, when the specific group of REs are indicated to be muted and it collides with the DMRS/PTRS, who it is treated should be decided.

Proposal 1. For gNB-to-gNB co-channel CLI and/or channel measurement, non-transparent UL resource muting can be enabled by following methods
· Part or whole of existing reference signal (PTRS) is muted
· Specific group of REs are muted

As described previously, when the specific pattern of REs is introduced to mute PUSCH where the data is originally transmitted, it will induce all of the problem need to be specified. Therefore, the former method, i.e., part or whole of existing reference signal (i.e., PTRS) is muted, is preferred. Conventionally PTRS is only configurable for the FR2 since it is targeting for the gNB to track the phase, which can be easily extended to the FR1 since the structure is already there. And since it is not cancelling or not omitting transmission occasion of the PUSCH, uplink latency and the throughput is not impacted. The additional signaling overhead to activate/deactivate or configuration may be needed but signaling of PTRS indication can be reused, which is also not a big issue. Considering the UL resource muting is not needed to be indicated in dynamic manner since the UL resource muting is targeting to measure the channel and/or CLI from the aggressor gNB, additional signaling overhead is negligible. Although it depends on the MCS conventionally, the PTRS can be placed in serial manner in time domain, i.e., can be present in every symbol. When only those resources are used for the channel and/or CLI measurement between the gNBs, the uplink reception timing from the UE and the aggressor gNB does not need to be aligned since victim gNB can measure them separately. However, when considering FR2, it will highly impact on the uplink channel estimation since the carrier phase error cannot be compensated due to the absence of it. In terms of minimizing or removing the drawback, reusing PTRS pattern only instead of muting part or whole of the PTRS can be considered. However in that case, all of the listed potential spec impacts, PUSCH resource mapping, i.e., rate-matching around the muted REs, UCI resource determination, power allocation in symbols with muted REs considering potential impact to phase continuity, TB size determination, should be considered which is same with the former case.

Observation 5. Zero-power PTRS for non-transparent UL resource muting has following pros and cons
· UL latency is not increased and UL throughput is not reduced due to muted resource
· Additional signaling overhead to activate/deactivate UL resource muting is negligible
· Uplink reception timing from the UE and the aggressor gNB does not need to be aligned
· UL channel estimation is degraded due to the absence of PTRS for FR2

It is noted that non-transparent UL resource muting is introduced, enhancement to power control of the PUSCH is inevitable due to the reduced resources. Considering that the uplink coverage enhancement thanks to the more uplink transmission opportunity of SBFD is the key benefit obtained by introducing SBFD, uplink coverage enhancement techniques is very likely to be used for SBFD aware UEs. To this end, uplink coverage enhancement technique supported by existing specification should be also accounted for SBFD specific enhancement.
If the PUSCH with muted UL resources and the PUSCH without muted UL resources are configured for the PUSCH repetition, power consistency and/or phase continuity between them is hard to be guaranteed. In such case, when DMRS bundling is configured for that PUSCH repetition, it needs to be handled. As discussed previously, UL resource muting is not needed to be indicated dynamically, and only for the resources used for channel and/or CLI estimation between gNBs are used, such configuration, i.e., DMRS bundling configuration with muted and un-muted PUSCH repetition, is beneficial. For such case, non-transparent UL resource muted PUSCH can be considered as semi-static event or placement of nominal time domain window can be enhanced accounting for the muted PUSCH.

[bookmark: _Hlk166002567]Proposal 2. For gNB-to-gNB co-channel CLI and/or channel measurement, if non-transparent muting is supported,
· Existing reference signal(zero-power PTRS) has minimum specification impact
· Non-transparent muting is semi-static event

Spatial domain-based solution
For the spatial domain-based solution of gNB-to-gNB co-channel CLI handling, beam nulling and the beam pairing have been discussed. It is a common understanding that both schemes are strongly domain specific to gNB implementation and may only be applicable in certain environments, but where applicable, there are performance gains according to the evaluation results of the TR. Therefore, if the spec impact is significant, it should be weighed against the benefits to decide whether to support it, but it was confirmed in RAN1#116bis meeting that there is no spec impact for each scheme other than that captured in the agreement. Given that the spec impact of each is very minimal, applicable in certain scenarios, and there is a performance gain when applied, it would be beneficial to support both beam nulling and beam pairing.

Proposal 3. For spatial domain-based solution for gNB-to-gNB CLI handling, both beam nulling and beam pairing are supported.

Beam nulling
Throughout the discussion in the previous meeting, beam nulling is specified by following agreement.[6]
	[bookmark: _Hlk165619815]Agreement
If beam nulling is supported for gNB-to-gNB CLI handling, the following are recommended to be specified
· Information exchange of measurement resource configuration, i.e., periodic NZP CSI-RS 



During the discussion, how to identify the aggressor-victim pair of the gNBs and the procedure to enable it was mentioned but it is not captured since it was the common understanding of the group that it belongs to the gNB implementation. With such assumption that the aggressor-victim pair of the gNBs are identified by implementation, the only possible specification impact to enable beam nulling is information exchange of measurement resource configuration between gNBs as captured. It is because the Tx beam shaping is up to gNB implementation. Based on the above-mentioned understanding, beam nulling can be supported.
The only remained part for the beam nulling is that, whether it can be ensured that the information exchanged between gNBs for the measurement resource configuration, i.e., periodic NZP CSI-RS, is identical to the resources that gNB operates, which is hard to be realized. For that, similar signaling framework is already supported, i.e., intended TDD DL-UL configuration which is signaled between gNBs. It is desirable to consider it as baseline in that perspective. For example, periodic NZP CSI-RS resources are added to the intended TDD DL-UL configuration.

Proposal 4. For the signaling of information exchange of measurement resource configuration to support beam nulling, intended TDD DL-UL configuration is considered as baseline.

Beam pairing
Similar to the beam nulling, beam nulling is specified by following agreement in previous meeting.
	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



It is noted that there is underlying assumption that the aggressor-victim pair of the gNBs are already identified by gNB implementation, same with beam nulling case. Although it is not explicitly captured in the agreement, it is common understanding of the group that recommended/not-recommended DL beam indication is based on the restricted and recommended beam indication which is introduced in IAB, since it is captured in the TR. Although such signaling framework may not be applicable to the general scenarios, at least it can be applied to the case when the gNBs are operated by same operator. That is because, even when the information of measurement resource configuration is exchanged, how the gNB operates the resources can be different since it is up to gNB implementation. However it can be ensured in same operator case.
During the discussion, whether to introduce the response from the aggressor gNB when the recommended/not-recommended DL beam information is received was also discussed but not captured. The beam nulling might be interpreted as unfinished due to the lack of such response. However, it is noted that even between the parent IAB and IAB case, whether to introduce response from the parent IAB when restricted and recommended beam indication is received from the IAB was discussed, but concluded without it since the beam configuration to the IAB is up to parent IAB and the signaling is considered to be reliable since it is signaled via MAC-CE. With similar reason, introducing response from the aggressor gNB may have risk of restricting downlink beam of aggressor gNB, which is impractical, the signaling of recommended/not-recommended DL beam indication seems sufficient.

Proposal 5. For the information exchange recommended/not-recommended DL beam information and associated resource configuration, restricted and recommended beam indication for IAB is considered as baseline.

Coordinated scheduling
For the coordinated scheduling of gNB-to-gNB CLI handling, following is specified.
	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



Although it does directly bring the performance gain to reduce/remove CLI between gNBs, it provides the information to the gNBs where the CLI can be occurred in time/frequency domain, which is same in UE-to-UE CLI handling case. For the signaling detail of it, intended TDD DL-UL configuration can be considered as baseline. The intended TDD DL-UL configuration contains the subcarrier spacing, cyclic prefix and TDD DL-UL slot configuration of the cell and it is introduced for CLI mitigation, it can be easily extended to include the SBFD time and frequency location configuration.

Proposal 6. For gNB-to-gNB CLI handling and UE-to-UE co-channel CLI handling, coordinated scheduling is supported
· For the signaling, intended TDD DL-UL configuration is considered as baseline.
· The SBFD time and frequency location configuration are included

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
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
[bookmark: _GoBack]The only possible candidate for UE-to-UE co-channel CLI measurement and reporting is L1-based CLI measurement and report reusing CSI framework based on the TR 38.858 [2]. 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-based CLI measurement and report reusing CSI framework is described in section 3.1.1, and the performance benefit obtained from it is described in 3.1.2 based on evaluation.

L1 based CLI measurement and report reusing CSI framework
Before diving into the discussion, whether the L1 based CLI measurement and report reusing CSI framework needs to be supported should be discussed in the first place. A good starting point for that discussion is identify the pain point of the L3 based CLI measurement and report, since those should be accounted for the L1 based CLI measurement and report, if supported.
The main limitation of the L3 based CLI is the reporting latency. Besides the fact that it is comparably huge to any L1 based signaling, the real problem is that the latency of it cannot be ensured or estimated since it is L3 signaling. That is, how much the reported CLI from the UE is outdated cannot be estimated at the gNB side.
The other possible drawback is induced by the L3 filtering. Although the L3 filtering can be disabled to use single measurement result for the report, it is not desirable considering the event triggered report of the CLI measurement. When the L3 filtering is disabled, due to the short-term characteristics of the CLI channel, measurement result will vary depending on the time. The consequence of it is entering condition and leaving condition of the event I1 is constantly occurs. When it is combined with the latency of the CLI report, UE reports outdated CLI measurement results frequently.
The last one would be lack of flexibility since the periodic measurement resource is only applicable and the resources cannot be updated with RRC reconfiguration or RRC update.

Observation 6. L3 based CLI measurement and repot has following drawbacks
· Outdated CLI measurements for short-term characteristics due to the L3 reporting latency which cannot be ensured or estimated
· Lack of the flexibility for resource and report configuration

The reason why there is such limitation in L3 based CLI measurement and report is that it is designed to measure the long-term characteristics of the CLI, not targeting to measure the short-term characteristics. The short-term characteristics of the CLI impact on the desired link of the channel and there are rooms to handle it. For example, when the carrier frequency is 4Ghz, SCS is 30khz and 3km/h mobility is assumed, the periodicity due to the doppler would be around 10hz which equals to 200 slots. That is, when short term measurement of CLI is reported in timely manner, gNB have sufficient time to use it for scheduling.

Observation 7. When the reporting latency of L1 based CLI measurement is similar to that of CSI report, gNB can aware of channel variation of the UE due to the short-term characteristics of UE-to-UE CLI, which cannot be supported by L3 based CLI measurement and report.

During the study item phase, candidate list of the CLI handling techniques are revealed and categorized in RAN1#116 [5] by following agreement. 
	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.



It should be noted that many of those CLI handling techniques are not supported by the specification but gNB scheduling or implementation. Link direction alignment of the aggressor-victim pair of the UEs is one of them. By using same direction between aggressor-victim pair of the UEs, CLI can be reduced. The power control of the aggressor UE is also another example. The reason why power control-based scheme is not supported for UE-to-UE co-channel CLI handling is not because it does not show any performance benefit from it, but because the power control of existing specification is already flexible enough and identifying the aggressor UE is up to gNB. Moreover, as it is shown in section 3.1.2, simple advanced scheduler can bring the performance benefit when aggressor-victim pair of the UE is identified and the amount of the CLI due to that aggressor UE in victim UE perspective is reported. 
To this end, the only missing part of the mentioned CLI handling mechanism which can be supported by the existing specification or gNB scheduling is identifying the aggressor-victim pair of the UEs. It cannot be supported by implementation different from the inter-gNB case. That is the main reason why it is noted below in the above agreement that “UE-to-UE co-channel CLI measurement and reporting can be the enabler for some of the above CLI handling schemes.” Therefore, L1 based CLI measurement and report reusing CSI framework should be supported.

Proposal 7. L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework is recommended for normative work in Rel-19 DE.

In RAN1#116bis meeting, three alternatives are captured to clarify what L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework will be.[6]
	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.



Although it looks complicated, the key difference between the options are as follows; whether to introduce new report quantity or not, and whether this newly introduced report quantity can be configured with existing report quantity or not. It should be noted that if the new report quantity, e.g., L1-SRS-RSRP, is not introduced, the aggressor-victim pair of the UE cannot be identified by the L1 CLI report which is the main reason to introduce L1 based CLI measurement and report. Therefore at least new report quantity to enable identifying aggressor UE needs to be introduced. That is, L1-SRS-RSRP in the Alt.1 and Alt. 3 in above agreement. It enables the functionality that cannot be supported by existing CSI reporting, therefore needs to be specified at least.
For the L1-CLI-RSSI as a new report quantity, it can be considered that it succeeds the report quantity of L3 based CLI measurement when CLI-RSSI resource is used. However, it has similarity in terms of functionality with the CSI-IM since it is measurement of the total amount of the interference within the configured resources without sequences. The only difference is that direct measured amount of the interference is reported on the other hand CSI-IM is reported in terms of SINR or CQI that gNB needs calculation based on the reported value to estimate the amount of the interference UE is suffering. It unburdens the gNB’s calculation but it does not seem to be essential and something good to have. 

Proposal 8. For L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework, at least L1-SRS-RSRP is introduced for new report quantity.
· FFS: L1-CLI-RSSI

The detailed understanding of the listed alternatives is required to select one among them. Since the potential specification impact is already listed, how L1 based CLI report works rather than how each of potential specification impact should be addressed needs to be specified first. Besides the mentioned key factor initiate the differences of the alternatives, our understanding for each of them is described. 
For the Alt.1, it is understood that L1 based CLI measurement reusing CSI framework can be operated as follows; within single report configuration, CMR is configured which includes newly introduced CLI measurement resource and new report quantity is indicated for that report configuration. Someone can argue that it should be IMR instead of CMR since CLI measurement is interference measurement by definition, but it can be discussed further after since it is just matter of decision. Besides that, rather than both of the CMR and IMR is configured for single report configuration for L1 CLI report, only one of them which includes CLI measurement resource should be configured considering the new report quantity is the SRS-RSRP and CLI-RSSI which is measured by using only one resource. It is very much similar to the CSI reporting for the beam management especially when the report quantity is RSRP in terms of configuration, related UE behavior for measurement and calculation for the report. In short, Alt. 1 is based on the CSI report for beam management.
For the Alt. 2, it is understood that L1 based CLI measurement reusing CSI framework can be operated as follows; In addition to the existing IMR, a new CLI-IMR is introduced, and CMR and CLI-IMR is configured together in a single report configuration. According to the description, configurable report quantity is L1-SINR and CQI, the report configuration for both beam management and CSI acquisition is understood to be used. The key here is how to define CLI-IMR, which will be discussed later.
Alt. 3 is the combination of the Alt.1 and Alt. 2. From that, it is understood that L1 based CLI measurement reusing CSI framework can be operated as follows; By introducing a new CLI measurement resource, whether it is included in the CMR or IMR, configuring it with the CMR and report quantity of that report configuration can be L1-SINR, CQI, and/or a new report quantity. It is interpreted that both the report configuration for beam management and CSI acquisition are used for L1-based CLI reports.

Observation 8. Each of alternatives agreed in RAN1#116bis for L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework is understood as follows;
· For Alt. 1, CSI report for beam management is used with newly defined report quantities
· For Alt. 2, both of CSI report for beam management and CSI acquisition are used with existing report quantities
· For Alt. 3, both of CSI report for beam management and CSI acquisition are used with both newly defined report quantities and existing report quantities

The key to Alt. 2 is that it does not introduce a new report quantity, but it does introduce CLI-IMR. This also applies to Alt. 3, and there are two ways to define what CLI-IMR is. First, there is a way to define a CLI-IMR as an IMR that includes new measurement resources for CLI, such as SRS-RSRP resource and CLI-RSSI resource. It would be intuitive to substitute CLI-RSSI resource and SRS-RSRP resource for the functions of CSI-IM and NZP CSI-RS, respectively, which are resources that can be configured in existing IMR. However, if the intention of Alt.2 is not to introduce new measurement resources, this would not be appropriate and would only be applicable to Alt.3.
With that, and especially in view of Alt.2, to define CLI-IMR without introducing new measurement resources, the only measurement resource that can be included in CLI-IMR is CSI-IM. Existing NZP CSI-RS can also be configured in IMR, but it considers interference when other UEs are scheduled simultaneously from gNB perspective, which is not relevant to the purpose of CLI measurement. Therefore, CSI-IM is the only existing configurable resource for CLI measurement. In other words, the only way that gNB can aware of the ongoing CLI environment is, by scheduling the aggressor UE to transmit SRS or other uplink signals for the CSI-IM configured for the victim UE, and indicate the victim UE to measure and report using that resource. It makes sense but not desirable because it is already supported with the existing gNB implementation and the function of CLI-IMR is not different from the existing IMR with CSI-IM, and most importantly, the gNB cannot determine the aggressor UE by receiving looking at the report from victim UE or determine the amount of measured CLI due to the aggressor UE.
Considering that, the main difference between Alt.1 and Alt.3 is whether the CLI measurement is reflected in the CQI report or whether it is directly reported using the beam report configuration only. CQI report is a form of reporting where the UE selects and reports the most appropriate MCS based on the SINR measured from the configured CMR and IMR, so reflecting CLI measurement in the interference term may be the most ideal reporting of CLI measurement from the gNB perspective. However, this would require a lot of specification changes to enhance the existing CQI report. Given the remained time is not sufficient for that, option with less spec impact is more practical, therefore Alt. 1 is slightly preferable in this regard.

Proposal 9. For L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework, at least Alt. 2 is deprioritized and Alt. 1 is preferred.

While revisiting and enhancing all of the potential specification impacts listed in Alt. 1 or Alt. 3 can be considered, it would be appropriate to reuse the existing rules unless there are specific technical reasons not to. To do this, we need to discuss which of the existing reporting mechanisms to target for CLI reports. The simplest way is to consider the beam reporting mechanism, i.e., when the reporting quantity is L1-SINR or L1-RSRP. In this case, there is no need to discuss details such as report configuration according to codebook type, two-part encoding, UCI omission rule, etc. Of course those enhancements can be considered further, but given the remained time, things that does not require to be changed should be reused.

Proposal 10. For L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework, CSI report when report quantity is L1-SINR and L1-RSRP is considered as baseline.

Even when CSI reports for beam management is considered as baseline, it would be appropriate to reuse existing mechanisms as much as possible. In this case, it would be necessary to distinguish between what needs to be specified and what does not. Enhancements that are essential to avoid ambiguity in UE behavior include priority rules for multiple CSI reporting, and collision handling between CLI reports and other uplinks, since the L1 CLI report is a new type of report. For priority rules for multiple CSI reporting, one of the simplest way is to introduce a new parameter in the formula of the existing priority rule to define the priority of the CLI report. Alternatively, CLI report can be considered as the same as the priority of a specific CSI report in the existing priority rule. For CLI report collisions with other uplinks or collisions between CLI reports, it would be appropriate to assign priority based on a priority index.
Although not required, a further enhancement that could be considered is the CSI processing unit and CPU occupation rule. Given that the CPU occupation of the existing beam report is 1, it seems okay to reuse it. When the enhancement is considered for it, CPU occupation of CLI report can be reduced to a value less than 1 considering RSRP or RSSI based measurements is quite simple compared to the CQI/PMI calculation.
As mentioned before, there are some enhancements that are unnecessary when CSI report for beam management is considered as baseline for CLI reporting. For example, codebook type specific features, or the configuring a new measurement resource with the existing report quantity. These could be introduced and considered for enhancement, but they are not essential features for gNB to identify aggressor-victim pair of UEs and therefore do not need to be considered firstly. Among the listed potential spec impact, the corresponding parts would be UCI omission rule, CSI measurement procedure integrating CLI measurement. In addition, it is recommended to deprioritize to enhance features that have a lot of following enhancement when considering it, such as timeline and related UE behavior, and it is desirable not to consider unclear features such as UCI bits generation.

Proposal 11. For L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework, at least following enhancement is deprioritized.
· UCI bits generation
· UCI omission rule
· CSI measurement procedure integrating CLI measurement
· Timeline and related UE behaviors

Performance benefit based on evaluation of L1 based CLI measurement and reporting based on CSI framework
In this section, performance between L1 based 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 & 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 [3]. 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 [4]) 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 based CLI 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 based CLI 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 based CLI report and L3 based CLI report is shown in Figure 1.



Figure 1. Comparison of L1 based CLI and L3 based 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 based CLI measurement/report
	
	√
	

	
	PF with CLI handling based on L3 based 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 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 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 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 based CLI measurement and report is beneficial to improves the DL throughput performance of DL UEs.

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

Observation 1. following metric is used to compare UL resource muting schemes
· UL latency and/or throughput
· Signaling overhead to indicate UL resource muting
· Timing alignment of uplink reception timing from the UE and the aggressor gNB
· Potential impact on UL channel estimation

Observation 2. For gNB-to-gNB co-channel CLI and/or channel measurement, transparent UL resource muting can be enabled by following methods
· gNB scheduling (i.e., not scheduling)
· UL CI(uplink cancellation indication) introduced in Rel-16 URLLC
· Muting CDM group of DMRS

Observation 3. Muting CDM group of DMRS for transparent UL resource muting has following pros and cons
· UL latency is not increased and UL throughput is not reduced due to muted resource
· No additional signaling overhead
· Uplink reception timing from the UE and the aggressor gNB needs to be aligned
· UL channel estimation may be degraded due to the Tx power difference of UE and gNB

Observation 4. The listed potential specification impacts are not influenced by whether the existing reference signal time-frequency resource pattern is used for UL resource muting pattern or not.

Proposal 1. For gNB-to-gNB co-channel CLI and/or channel measurement, non-transparent UL resource muting can be enabled by following methods
· Part or whole of existing reference signal (PTRS) is muted
· Specific group of REs are muted

Observation 5. Zero-power PTRS for non-transparent UL resource muting has following pros and cons
· UL latency is not increased and UL throughput is not reduced due to muted resource
· Additional signaling overhead to activate/deactivate UL resource muting is negligible
· Uplink reception timing from the UE and the aggressor gNB does not need to be aligned
· UL channel estimation is degraded due to the absence of PTRS for FR2

Proposal 2. For gNB-to-gNB co-channel CLI and/or channel measurement, if non-transparent muting is supported,
· Existing reference signal(zero-power PTRS) has minimum specification impact
· Non-transparent muting is semi-static event

Proposal 3. For spatial domain-based solution for gNB-to-gNB CLI handling, both beam nulling and beam pairing are supported.

Proposal 4. For the signaling of information exchange of measurement resource configuration to support beam nulling, intended TDD DL-UL configuration is considered as baseline.

Proposal 5. For the information exchange recommended/not-recommended DL beam information and associated resource configuration, restricted and recommended beam indication for IAB is considered as baseline.

Proposal 6. For gNB-to-gNB CLI handling and UE-to-UE co-channel CLI handling, coordinated scheduling is supported
· For the signaling, intended TDD DL-UL configuration is considered as baseline.
· The SBFD time and frequency location configuration are included

Observation 6. L3 based CLI measurement and repot has following drawbacks
· Outdated CLI measurements for short-term characteristics due to the L3 reporting latency which cannot be ensured or estimated
· Lack of the flexibility for resource and report configuration

Observation 7. When the reporting latency of L1 based CLI measurement is similar to that of CSI report, gNB can aware of channel variation of the UE due to the short-term characteristics of UE-to-UE CLI, which cannot be supported by L3 based CLI measurement and report.

Proposal 7. L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework is recommended for normative work in Rel-19 DE.

Proposal 8. For L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework, at least L1-SRS-RSRP is introduced for new report quantity.
· FFS: L1-CLI-RSSI

Observation 8. Each of alternatives agreed in RAN1#116bis for L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework is understood as follows;
· For Alt. 1, CSI report for beam management is used with newly defined report quantities
· For Alt. 2, both of CSI report for beam management and CSI acquisition are used with existing report quantities
· For Alt. 3, both of CSI report for beam management and CSI acquisition are used with both newly defined report quantities and existing report quantities

Proposal 9. For L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework, at least Alt. 2 is deprioritized and Alt. 1 is preferred.

Proposal 10. For L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework, CSI report when report quantity is L1-SINR and L1-RSRP is considered as baseline.

Proposal 11. For L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework, at least following enhancement is deprioritized.
· UCI bits generation
· UCI omission rule
· CSI measurement procedure integrating CLI measurement
· Timeline and related UE behaviors

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 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 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 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 based CLI measurement and report is beneficial to improves the DL throughput performance of DL UEs.

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] Chair’s note in RAN1#110bis-e meeting
[4] Chair’s note in RAN1#112bis-e meeting
[5] Chair’s note in RAN1#116 meeting
[6] Chair’s note in RAN1#116bis 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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