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Introduction
[bookmark: _Hlk159241526]At the RAN1#116 meeting and RAN1#116-bis meeting, the followings were agreed under the agenda item of CLI handling for NR duplex evolution [1][2]. 
	Conclusion
For the down-selection of gNB-to-gNB co-channel CLI handling schemes and UE-to-UE co-channel CLI handling schemes, at least the following aspects should be considered:
· Applicable scenario, performance benefits based on analysis and/or demonstrated by evaluations for SBFD
· Note: Companies are encouraged to provide more simulation results for SBFD to RAN1#116bis based on the simulation assumptions agreed during the SI.
· Specification impact in RAN1 and RAN3.
· gNB/UE implementation complexity.
· Operational details of the scheme including feasibility and practicability.
Agreement at RAN1 #116
Consider the following candidate gNB-to-gNB co-channel CLI handling schemes for further down-selection
· gNB-to-gNB co-channel CLI and/or channel measurements
· Spatial domain based schemes	
· Beam nulling
· Beam pairing
· Coordinated scheduling in time and/or frequency
· Power control based schemes	
· gNB Tx power control
· UE Tx power control
Note: gNB-to-gNB co-channel CLI and/or channel measurements can be the enablers for some of the above CLI handling schemes.
Agreement at RAN1 #116
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.
Agreement at RAN1 #116
gNB Tx power control based schemes are not considered in the down-selection of gNB-to-gNB co-channel CLI handling schemes.
Agreement at RAN1 #116
For SBFD aware UEs, CLI measurements is performed within the active DL BWP and the following can be considered
· Method#1: UE measures RSSI within DL subband
· Method#2: UE measures RSRP of aggressor UE within UL subband
· Method#3: UE measures RSSI within UL subband
· Method#4: UE measures RSSI within guard band, if guard band exists
Note: If DL subband, UL subband or guard band is outside the active DL BWP, the above methods does not apply.
Note: Method#4 does not imply that guard band is explicitly configured.
Agreement at RAN1#116-bis
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 

Agreement at RAN1#116-bis
If beam pairing is supported for gNB-to-gNB CLI handling, the following are recommended to be specified
· Information exchange of measurement resource configuration, i.e., SSB and/or periodic NZP CSI-RS
· Information exchange of recommended/not-recommended DL beam information and associated resource configuration

Agreement at RAN1#116-bis
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 at RAN1#116-bis
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.


Agreement at RAN1#116-bis
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.

Agreement at RAN1#116-bis
UL Tx power control based schemes are not considered in the down-selection of gNB-to-gNB CLI handling and UE-to-UE CLI handling schemes.
· Note: Support of UL Tx power control enhancements can be discussed in AI 9.3.1 and 9.3.2 (for PRACH only).

Agreement at RAN1#116-bis
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

Conclusion at RAN1#116-bis
L1 based UE-to-UE CLI measurement and reporting based on event triggered based reporting are not considered for UE-to-UE CLI handling in Rel-19.


In this contribution, we discuss CLI handling for evolution of NR duplex operation and provide our views.

[bookmark: OLE_LINK69]Discussion on potential enhancements on dynamic/flexible TDD
During the study item phase, several schemes were discussed to handle inter-gNB (gNB-to-gNB) inter-cell co-channel CLI and inter-UE (UE-to-UE) inter-cell co-channel CLI and solutions to manage them were identified as captured in the TR 38.858 considering both dynamic TDD operation and SBFD (subband non-overlapping full duplex) operation. From the RAN1#116 to RAN1 #116bis, several schemes to be identified in study item phase were further investigated. Target scenarios to handle such kinds of inter-cell co-channel CLI are depicted in figure 1.
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Figure 1. gNB-to-gNB CLI and UE-to-UE CLI.
In Figure 1-(a), DL transmission from aggressor (gNB#1) causes gNB-to-gNB inter-cell co-channel CLI to UL reception at victim (gNB#2). In Figure 1-(b), UL transmission from aggressor (UE#2) causes UE-to-UE inter-cell co-channel CLI to DL reception at victim (UE#1). In this contribution, we provide our views on gNB-to-gNB inter-cell co-channel CLI and UE-to-UE inter-cell co-channel CLI.
gNB-to-gNB inter-cell co-channel interference
gNB-to-gNB co-channel CLI measurement for gNB-to-gNB co-channel CLI handling
During the study item phase, both UE transparent UL muting and UE non-transparent UL muting as schemes to support gNB-to-gNB co-channel CLI measurement and/or channel measurement were identified. UE transparent UL muting denotes that UL muting resources are not known to UEs in a victim cell, while UE non-transparent UL muting denotes that UL muting is known at least for UEs in a victim cell. UE transparent UL muting can be implemented by a gNB scheduling. Thus, a gNB can manage to configure or indicate UEs not to transmit any UL signal/channel on the resources for gNB-to-gNB co-channel CLI handling. On the other hand, an explicit configuration or indication of UL muting resources is necessary at least for UEs in a victim cell for UE non-transparent UL muting. 
Between two schemes for UL muting, UE non-transparent UL muting is beneficial in terms of efficient resource utilization. Regarding that the UL muting resource can be RE-level (i.e., REs for NZP CSI-RS from aggressor UE), the UL signal/channel can be transmitted on REs not used for gNB-to-gNB co-channel CLI measurement. For example, PUSCH can be rate-matched around REs of UL muting resource. On the other hand, if at least one or more REs are overlapped between UL signal/channel and UL muting resource, the gNB should avoid scheduling in the overlapped RE(s). 
Under the UE non-transparent UL muting, UE behaviors on UL muting resources can be further considered with respect to UL signal/channel as the following.
· PUSCH can be rate-matched around REs of UL muting resource in both RB-level and RE-level. For example, a UE can transmit PUSCH by rate-matching around RBs of SSB or REs of NZP CSI-RS transmitted from aggressor gNB. Since rate-matching procedure for PUSCH is not supported in the current specification, it can consider the Rel-15 PDSCH rate-matching as a baseline. Also, different UE behavior for the PUSCH multiplexed with UCI can be further investigated, e.g., whether or not REs for HARQ-ACK is overlapped with UL muting resource.
· UE behaviours on PUCCH can be categorized according to UCI type and PUCCH format. For example, PUCCH format 0 is scheduled to transmit in 1 or 2 symbols and 1 RB with low PAPR sequence. Then, if at least one RE is not used for PUCCH transmission, a gNB cannot detect the PUCCH format 0 in scheduled resources. Also, since PUCCH format 0 is scheduled to transmit HARQ-ACK and/or SR that should be prioritized to transmit, the UE can transmit PUCCH format 0 even in the resources overlapped with UL muting resources. For another example, PUCCH format 2 is scheduled to transmit a payload with maximum of 16 RBs with polar coded bits. Then, even if some RBs or REs are overlapped with UL muting resource, the UE can transmit PUCCH format 2 by rate-matching around RBs or REs of UL muting resource.
· SRS can be transmitted or cancelled in symbol-level, i.e., partial cancellation is supported. Therefore, symbol-level transmission or cancellation of SRS can also be used for UE behaviors on UL muting resource. For example, if at least one RE in a symbol of SRS is overlapped with UL muting resource, SRS cannot be transmitted in the symbol. Otherwise, if no RE in a symbol of SRS is overlapped with UL muting resource, SRS can be transmitted in the symbol.
· PRACH transmission can be prioritized over RBs or REs in UL muting resource. Since PRACH is essential channel for uplink synchronization, timing alignment, SR, BFR, and on-demand SI request, it seems better to transmit PRACH even in RBs or REs for UL muting.
In addition, different UE behaviors according to PHY priority (i.e., eMBB or URLLC) can be further investigated if UL muting is considered as one of schemes for gNB-to-gNB co-channel CLI handling in this WI. For example, a UE does not transmit UL signal/channel with low priority on RBs or REs for UL muting, while transmits UL signal/channel with high priority. 
· Proposal 1: For UE non-transparent UL muting for gNB-to-gNB co-channel CLI handling, UE behaviours on UL muting resources should be further investigated with respect to the UL signal/channel and PHY priority.
UE-to-UE inter-cell co-channel interference
UE-to-UE co-channel CLI measurement and reporting for UE-to-UE co-channel CLI handling
In Rel-16, UE-to-UE CLI measurement and reporting procedures at victim UE was specified with two types of CLI measurement and reporting metrics, i.e., CLI-RSSI and SRS-RSRP. For CLI-RSSI measurement, the victim UE measures linear average of the total received power observed in the configured OFDM symbols of the configured measurement time resource(s), in the configured measurement bandwidth from all sources. For SRS-RSRP measurement, the victim UE measures linear average of the power contributions of the resource elements carrying SRS resource(s) which is/are transmitted from one or multiple aggressor UE(s). Then, Layer 3 filtering can be applied to the measurement result for both CLI-RSSI and SRS-RSRP measurements. For measurement result reporting of both CLI-RSSI and SRS-RSRP measurements, event-triggered and periodic reporting are supported.
In addition to the Rel-16 UE-to-UE CLI measurement and reporting, UE-to-UE co-channel CLI measurement and reporting at both the victim UE and the aggressor UE can be further investigated. More efficient CLI handling is expected via bi-directional CLI measurement and reporting. For example, an aggressor UE can be indicated with reduced UL power by UL Power control parameter set if reported CLI level from the aggressor UE is high.
For this, Rel-16 CLI measurement and reporting framework was considered as a baseline during the study item phase, i.e., consider reusing existing channel(s)/signal(s)/measurement resource(s) as baseline for UE-to-UE co-channel CLI measurement. For example, aggressor UE can be configured to measure SRS-RSRP in the configured resource that SRS is transmitted from victim UE. Otherwise, aggressor UE can be configured to measure CLI-RSSI in the configured resource in certain symbols and RBs.
· Proposal 2: It should be further investigated for UE-to-UE co-channel CLI measurement and reporting at aggressor UE side for UE-to-UE co-channel CLI handling.
During the study item phase, it was agreed to use existing CSI reporting framework as the baseline for L1/L2 UE-to-UE co-channel CLI measurement and reporting. We provide our views on L1/L2 UE-to-UE co-channel CLI measurement and reporting details. 
In the existing CSI reporting framework, a UE can be configured or indicated to receive CSI-RS for downlink channel state measurement and reporting. CSI reporting framework has three types: periodic, semi-persistent, and aperiodic. A UE can be configured with one of three types and report quantity per CSI reporting configuration with ID. For example, the UE can be configured with {Reporting configuration ID = 0, periodic, cri-RSRP} by CSI-ReportConfig. Then, the UE receives CSI-RS in corresponding CSI-RS resource and measures RSRP of the CSI-RS (i.e., CSI-RSRP). After that, the UE reports averaged result of measured CSI-RSRP and corresponding CSI-RS resource ID to gNB via PUCCH transmission according to configured slot offset/periodicity.
L1/L2 UE-to-UE co-channel CLI measurement and reporting can be included as IEs (information elements) of CSI-ReportConfig. For example, a UE can be configured with {Reporting configuration ID = 1, aperiodic, sri-RSRP} by CSI-ReportConfig, where sri-RSRP denotes victim UE’s SRS resource indicator and corresponding SRS-RSRP. Then, the UE receives SRS in the corresponding SRS resource and measures RSRP of the SRS (i.e., SRS-RSRP) if the UE is indicated to trigger aperiodic CSI reporting by DCI. After that, the UE reports averaged result of measured SRS-RSRP and corresponding SRS resource ID to gNB via PUSCH transmission scheduled by DCI. In addition to SRS-RSRP, CLI-RSSI, which was also agreed as baseline metric, and corresponding time/frequency resources can be included as an IE of CSI-ReportConfig.
Although CLI measurement reporting is not related with downlink channel state measurement and reporting, there is no ambiguity between gNB and UE among CSI or CLI reporting since it can be configured with separate reporting configuration ID. Also, it’s beneficial in specification point of view by reusing existing configuration, thereby additional signaling overhead is not needed.
· Proposal 3: IEs (information elements) of L1/L2 UE-to-UE co-channel CLI measurement and reporting can be included in CSI reporting configuration (i.e., CSI-ReportConfig) with new report quantities to measure and report UE-to-UE co-channel CLI.
During the study item phase, the effect on DL/UL performance and specification impact of applying separate open-loop/closed-loop UL power control parameters with/without co-channel CLI for a UE’s UL power control were discussed. We provide our view on separate UL power control parameters with/without co-channel CLI.
In Rel-17 coverage enhancement WI, DMRS bundling at a UE to enable improved channel estimation (i.e., joint channel estimation) at a gNB was introduced. The DMRS bundling can be enabled to enhance UL coverage of PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, PUSCH repetition Type A with configured grant, PUSCH repetition Type B, TBoMS (TB processing over multiple slots PUSCH), and PUCCH repetitions of PUCCH format 1, 3, and 4. One or multiple nominal TDWs (time domain windows) which is not longer than the maximum duration determined by UE’s capability, can be configured with slot-level duration by a gNB. Subsequently, a nominal TDW can be segmented into one or multiple actual TDWs at the symbol-level according to events, which results in the loss of power consistency and phase continuity across PUSCH or PUCCH transmissions, such as a downlink slot or downlink reception or downlink monitoring based on TDD-UL-DL-ConfigCommon and TDD-UL-DL-ConfigDedicated, the gap between any two consecutive PUSCH or PUCCH transmissions that exceeds 13 symbols for normal CP and 11 symbols for extended CP, and frequency hopping.
For the dynamic/flexible TDD operation, power consistency cannot be maintained across PUSCH or PUCCH transmissions with and without co-channel CLI if separate UL power control parameters are applied to UL transmission with and without co-channel CLI irrespectively. Therefore, separate UL power control parameters with/without co-channel CLI can be considered as an event, and different actual TDWs can be made across PUSCH or PUCCH transmissions based on co-channel CLI if DMRS bundling is configured as enabled for a UE as shown in figure 2.
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Figure 2. Actual TDW determination across PUSCH transmissions with separate UL power control parameters with and without co-channel CLI.
In Figure 3, a UE can be scheduled to transmit PUSCH over 4 slots with repetition Type A, where P0,CLI denotes P0 value of PUSCH transmission with co-channel CLI, while P0,normal denotes the P0 value without co-channel CLI. If the UE is configured to enable DMRS bundling with duration of a nominal TDW as 4 slots, two actual TDWs (actual TDW#1 including PUSCH#1~#3 and actual TDW#2 including PUSCH#4) are made with respect to an event between PUSCH#3 and PUSCH#4. Considering that the DMRS bundling feature was introduced to enhance UL coverage, it would be beneficial to determine PUSCH#1~#3 and PUSCH#4 as the same actual TDW by maintaining power consistency although separate UL power control parameters are configured/indicated. In other words, DMRS bundling gain can be prioritized over co-channel CLI handling when DMRS bundling is configured as enabled for a UE. Therefore, it should be further investigated how to maintain power consistency across PUSCH transmissions or PUCCH transmissions with and without co-channel CLI if DMRS bundling is configured as enabled for a UE.
· Proposal 4: Although separate UL power control parameters based on co-channel CLI are configured/indicated, it should be further investigated how to maintain power consistency across PUSCH transmissions or PUCCH transmissions with and without co-channel CLI if DMRS bundling is configured as enabled for a UE.
Conclusion
In this contribution, we discussed CLI handling for evolution of NR duplex operation and summarize our views as the following:
· Proposal 1: For UE non-transparent UL muting for gNB-to-gNB co-channel CLI handling, UE behaviours on UL muting resources should be further investigated with respect to the UL signal/channel and PHY priority.
· Proposal 2: It should be further investigated for UE-to-UE co-channel CLI measurement and reporting at aggressor UE side for UE-to-UE co-channel CLI handling.
· Proposal 3: IEs (information elements) of L1/L2 UE-to-UE co-channel CLI measurement and reporting can be included in CSI reporting configuration (i.e., CSI-ReportConfig) with new report quantities to measure and report UE-to-UE co-channel CLI.
· Proposal 4: Although separate UL power control parameters based on co-channel CLI are configured/indicated, it should be further investigated how to maintain power consistency across PUSCH transmissions or PUCCH transmissions with and without co-channel CLI if DMRS bundling is configured as enabled for a UE.
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