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1 Introduction
In this documentation, proposals based on the technical documentation submitted in RAN1#110bis-e and the discussion on potential enhancement on dynamic/flexible TDD are summarized. 
1 Typical Scenario 
1.1 Submitted proposal
	Company
	Description

	ZTE [3]
	Proposal 1: During the Rel-18 CLI handling study, the impact to the legacy macro base stations should be minimized. 
Observation 1: The gNB-to-gNB remote interference in Rel-16 RIM is relatively static and usually reciprocal, which could be different from the characteristics of typical dynamic/flexible TDD scenario in Rel-18. 
Proposal 2: Take the Rel-16 UE-to-UE CLI and RIM as a starting point for Rel-18 enhancements on dynamic/flexible TDD.

	Spreadtrum Communications [4]
	Observation 1: When the legacy gNB uses DL dominant TDD UL-DL configuration and Rel-18 duplex gNB uses UL dominant TDD UL-DL configuration, there is no impact to the legacy gNB, only impact to legacy UE should be considered.
Observation 2: Interferences in dynamic/flexible TDD scenarios is a subset of that in SBFD scenarios, a unified CLI mechanism for dynamic/flexible TDD and SBFD can be studied.

	vivo [5]
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[bookmark: _Ref101967198]Figure 1 CLI for dynamic TDD configuration 
Error: Reference source not found
Error: Reference source not foundError: Reference source not found



	New H3C Technologies Co., Ltd. [6]
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[bookmark: _Ref111107635]Figure 2. The deployment scenario of the flexible TDD


	Intel [10]
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[bookmark: _Ref101276072]Figure 3. Inter-operator gNB-to-gNB CLI under asynchronous network
Observation 1
· For inter-operator dynamic TDD operation, gNB-to-gNB CLI may be more pronounced due to asynchronous networks.

	Ericsson [12]
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[bookmark: _Ref110863697]Figure 4: Illustration of CLI for dTDD in a single operator network. Co-channel CLI can occur when the two gNBs schedule transmissions in opposite directions at the same time.




	Lenovo [13]
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Figure 1 Inter-UE CLI and inter-gNB CLI in dynamic/flexible TDD


	Samsung [18]
	Observation 1: gNB-to-gNB interference dominates co- and adjacent channel CLI in NR FR1 rural and urban macro deployments
Observation 2: TDD urban micro deployments experience high gNB-to-gNB CLI and are subjected to high offered traffic loads
Observation 3: TDD indoor hotspot and factory deployments offer most potential for improved configuration flexibility to use dynamic TDD
Observation 4: DL signals of neighbor cells of the same or different operator can be measured by the gNB using implementation-specific techniques


	MediaTek Inc. [19]
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[bookmark: _Ref102033163]Figure 5: Interferences in dynamic TDD and SBFD.


	NTT DOCOMO, INC. [21]
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Figure 1. Example of protentional interference for duplex enhancement. 


	Qualcomm Incorporated [22]
	Observation 1: For FR1, deployments scenario with large Tx Power BS suffers from inter-gNB interference.
· In general, inter-UE CLI is not an issue except for macro-to-indoor deployment. 

Observation 2: For FR2, Dynamic TDD is possible under careful assumption of layout and power parameterization to avoid inter-gNB interference. 
Observation 3: Rel-18 study on potential enhancement of dynamic TDD suggests utilizing the outcome of Rel-15 and Rel-16 studies outcome avoid repetition of same discussion, e.g., inter-operator Dynamic TDD coexistence study. 
Proposal 1: The focus of Rel-18 study on potential enhancement for dynamic TDD should be limited to co-channel intra-operator deployment. 

Observation 4: SBHD can enable dynamic TDD and mitigate the impact of inter-gNB CLI. 
Observation 5: SBHD-based dynamic enables flexible adaption of slots direction based on traffic which leads to reduced latency and improved UL coverage. 
Observation 6: Link budget analysis shows that SB-based dynamic TDD is feasible for macro-cell deployment. 
Proposal 2: Support subband half-duplex as solution to enable dynamic TDD at least for FR1


Observation 7: A prototype test network validated the feasibility of dynamic TDD in macro-cell deployment using subband half-duplex 
Observation 8: In FR2, Dynamic TDD with misaligned slots format is possible where CLI could be mitigated with proper beam-pair selection and lower Tx power. 


Observation 9: UE-to-UE CLI measurement and reporting can be used for gNB scheduling UE in the cell and for gNB coordinated UE scheduling between gNBs.
Observation 10: gNB-to-gNB CLI measurement and reporting can be used for gNB coordinated scheduling between gNBs and also can be used to facilitate inter-gNB Tx/Rx beamforming/nulling to reduce inter-gNB CLI.


	Nokia, Nokia Shanghai Bell [23]
	Observation 1: Companies’ preferences on the deployment scenarios for Rel-18 dynamic TDD are well aligned with the deployment scenarios adopted during Release 16 coexistence studies.
Proposal 1: Unless significant changes on the parameters/assumptions compared to the previous Rel-16 adjacent coexistence studies are agreed, the previous conclusions remain valid and there is no need to perform new coexistence studies.
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Figure 16. Post-receiver UL SINR at the indoor small cells.
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Figure 7. UL interference component power per subcarrier during CLI slots.
Observation 2: Due to higher transmit power, the UL SINR degradation in dynamic TDD is dominated by the gNB-to-gNB CLI generated by the macro cells.
Observation 3: The victim gNB is heavily impacted by the strongest CLI aggressor cell (normally the closest macro gNB), while the other aggressor cells impact with much weaker CLI contributions. Enhancements to mitigate the CLI from the strongest aggressor cell are therefore helpful to achieve good performance benefits.





2 gNB-to-gNB inter-cell co-channel interference
2.1 Submitted proposal
	Company
	Description

	TCL Communication Ltd [1]
	2. Coordinated Scheduling for time/frequency resources

Observations 1: For coordinated scheduling of time frequency resources between the dynamic TDD and SBFD operation, the relevant information exchange may change from one dynamic TDD and/or SBFD operations scenario to another dynamic TDD and/or SBFD operation scenario.
Observation 2: A gNB performing dynamic TDD operation may exchange the following assistance information with its neighbor gNB;
1. Starting and Number of Slots for DL or UL transmission 
2. Starting and Number of RBs or RBG assigned to the DL or UL transmission 

Observation 3: A gNB performing SBFD operation may exchange the following assistance information with its neighbor gNB; 
1. The starting and Number of slots used for SBFD operation
2. The starting and Number of RBs assigned for each DL and UL sub-bands 

Observation 4: A gNB performing both dynamic TDD and SBFD operation may exchange the following assistance information with its neighbor gNB
1. A time window of X slots or Y symbols configured for each operation (i.e. time window of dynamic TDD operation and time window of SBFD operation).
2. The starting and numbers of RBs allocated to each DL and UL subbands in a time window which is assigned to the SBFD operation. 

Observation 5: In dynamic TDD and SBFD operation at the neighbor base station the following scheduling adaptation techniques may reduce or avoid the gNB to gNB and UE to UE CLI. 
· The gNB performing dynamic TDD operation can mute those RBs which corresponds to the co-channel RBs of a sub-band at a neighbor gNB which performs opposite direction transmission.  
· The gNB performing SBFD operation can assign more sub-bands resources to the same transmission direction of the gNB which performs dynamic TDD operation. 

Observation 6: In simultaneous implementation of dynamic TDD and SBFD operation at a gNB and its neighbor gNB the following scheduling adaptation techniques can reduce or avoid the gNB to gNB and UE to UE CLI. 
· Each gNB can assign a time window to the dynamic TDD operation and a time window to the SBFD operation. 
· Allocating the same numbers of slots or symbols in the time windows assigned to dynamic TDD or SBFD operation across the neighbor gNBs. 

Proposal 1: Consider the following scenarios for the details of coordinated scheduling of time/frequency resources which are common to both dynamic TDD and SBFD operation. 
· Execution of dynamic TDD at a base station and SBFD operation at a neighbor base station in the same time slots/symbols. 
· Execution of both dynamic TDD and SBFD operation simultaneously at the neighbor base stations. 

Proposal 2: For coordinated scheduling of dynamic TDD and SBFD operation the relevant information exchange among the neighbor base stations can be define according to the dynamic TDD and/or SBFD execution scenarios of each operation. 
Proposal 3: In dynamic TDD and SBFD operation at the neighbor base stations, consider muting those RBs of dynamic TDD operation which correspond to the co-channel RBs of a sub-band at a neighbor gNB which performs opposite direction transmission. 
Proposal 4: Study time windows for simultaneous existence of dynamic TDD and SBFD operation at a gNB and across multiple gNBs.


3. Spatial domain coordination method
Observation 7: Inter gNB coordination among the neighbor gNBs can identify suitable beams to reduce the impact of inter gNB CLI in dynamic TDD. 

Proposal 5: Consider information exchange of DL and UL transmission beams among the neighbor base stations. 


	Huawei, HiSilicon [2]
	1. CLI measurement
Observation 1: Different uplink blank/muting resources can be used for gNB-gNB CLI measurement and avoidance for different downlink signals.
Observation 2: RSRP, RSSI, spatial characteristics, and channel estimation can be obtained from uplink blank/muting resources and be used for gNB-gNB CLI handling.
Proposal 1: For gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling, at least study the following aspects
· Measurement resource configuration: Study the feasibility and potential benefits of introducing uplink blank/muting resources for different downlink signals.
· The existing RS (e.g. DMRS of PBCH SIB1, unicast PDSCH /PDCCH) can be studied as a starting point
· Measurement details and usage of measurement: Study the feasibility and potential benefits of different measurement quantities such as RSRP, RSSI, channel estimation, interference covariance matrix based on the uplink blank/muting resources for different gNB-gNB CLI handling scheme.
· Relevant information exchange: Study the feasibility and potential benefits of exchanging the measurement resource configurations, measurement quantities as well as the need of other relevant information such as scheduling decisions between the gNBs for different gNB-gNB CLI handling schemes

2. Coordinated Scheduling for time/frequency resources
Observation 4: Coordinated scheduling requires gNB-to-gNB channel measurement in FR1. 
Observation 5: Semi-static coordinated scheduling requires the CLI strength of each beam pair (RSRP, RSSI) and the preferred Tx beams for each receive beam at the victim cell in FR2.
Observation 6: Dynamic coordinated scheduling requires the candidate scheduled UE, the number of PRBs needed for the candidate scheduled UE in FR1 and FR2, and the preferred beams of the candidate scheduled UE in FR2.
Proposal 5: Study semi-static and dynamic coordinated scheduling considering the requirements on the channel measurement in FR1, CLI measurement in FR2 and backhaul information exchange in FR1 and FR2.
· For semi-static coordinated scheduling, the configuration of the measurement resources should be exchanged for FR1 and FR2, the CLI strength of each beam pair (RSRP, RSSI) and the preferred Tx beams for each receive beam at the victim cell mentioned in spatial domain enhancement are also needed for FR2.
· For dynamic coordinated scheduling, the UE to be scheduled, the number of PRBs needed for the candidate scheduled UE should be additionally exchanged in FR1 and FR2, the preferred beams of the candidate scheduled UE should also be exchanged in FR2.
3. Spatial domain coordination method
Proposal 3: Study the feasibility and performance of Tx beamforming for gNB-to-gNB CLI suppression and the solutions for gNB-to-gNB channel measurement.
· Configuration of the measurement resources can be exchanged for coordinated beamforming, and the gNB-to-gNB channel can be measured at the aggressor cell.
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(a) FR1 digital coordinated beamforming             (b) FR2 analogue beam coordination
Figure 8 FR1 and FR2 coordinated beamforming.

Proposal 4: Study performance of beam coordination for gNB-to-gNB CLI suppression in FR2 and the solutions for gNB-to-gNB beam pairing.
· Configuration of the measurement resources, the CLI strength of each beam pair (RSRP, RSSI) and the preferred Tx beams for each receive beam at the victim cell can be exchanged for beam coordination.
4. Advanced Receiver
Observation 3: Spatial characteristics of the CLI obtained by the uplink blank/muting resources can be used for IRC receiver.
Proposal 2: Study the feasibility and potential benefits of advanced receiver for gNB-to-gNB CLI handling
· The performance of advanced IRC receiver for gNB-to-gNB CLI suppression or avoidance based on uplink blank/muting resources
5. UE and gNB transmission and reception timing
Observation 7: In current specification, the UL signal can be aligned with downlink interference when proper TAoffset and TA command are configured/indicated. The necessity of further enhancement of UE and gNB transmission and reception timing is not clear.
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6. Power control based solution
Observation 8: Power control based solutions can be supported at least for UL based on current specification and the necessity of further enhancement is not clear yet.
7. Potential enhancements to Rel-16 RIM
Proposal 6: RIM RS can be a starting point for gNB-to-gNB channel measurement.


	ZTE [3]
	1. CLI measurement
Proposal 3: Rel-18 dynamic/flexible TDD can consider the following framework for CLI management, 
· Step 0: Victim identifies gNB-to-gNB CLI based on measurement of reference signals (such as, SSB, CSI-RS, etc) transmitted by the aggressor;
· Step 1: The victim indicates interference information identified from Step 0, e.g., index of high-interference beam, channel state information for the interference channel, etc, via either RS-1 or backhaul; 
· Step 2: Aggressor starts to perform CLI handling solutions, e.g., spatial domain coordination according to the interference information; 
· Step 3 and Step 4: Determination of CLI handling solution.
Observation 2: RIM-RS in Rel-16 RIM is designed for measurement of remote interference, which is not suitable for frequent transmission due to its large resource overhead. 
Proposal 4: The existing DL RS, e.g., SSB, CSI-RS, can be reused as measurement RS for gNB-to-gNB co-channel interference measurement for Rel-18 dynamic/flexible TDD. 
· The existing time and frequency domain resource configuration information for SSB and CSI-RS can used for configuring the measurement resource. 
· The timing of victim for measurement RS reception should be determined by considering timing difference and transmission delay between aggressor and victim. 
Proposal 5: UL rate matching/cancellation mechanism can be defined for more accurate gNB-to-gNB co-channel interference measurement. 
3. Spatial domain coordination method
Proposal 6: Spatial domain coordination can be considered by aggressor for handling gNB-to-gNB CLI, e.g., 
· avoidance of high-interference beam in time/frequency domain resource, 
· adjusting the beamforming of the DL transmission by considering the channel state information of the interference channel, etc.
Some spatial domain information related to interference channel can be exchanged from victim to aggressor, such as, index of high-interference beam, channel state information, and other feedback from victim to aggressor. 
6. Power control based solution
Proposal 7: Resources with different interference levels can be divided into multiple areas and each area is mapped with a dedicated power control parameter set for compensating the interference from aggressor with different levels. The resources contained in each area can be indicated by DCI. 
Proposal 8: Further study the feasibility and potential gain for mitigating gNB-to-gNB CLI through DL transmission power reduction.

	vivo[5]
	1. CLI measurement
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6. Power control based solution
[bookmark: _Ref111189380][bookmark: _Ref111121677]Proposal 1: For dynamic TDD/SBFD CLI handling, enhanced UL power control can be considered, e.g., different power control parameters can be used depending on resource allocation or the existence/strength of the CLI.

	New H3C Technologies Co., Ltd. [6]
	1. CLI measurement
Proposal 1: The existing CSI-RS for interference measurement (CSI-IM) can be reused for the CLI measurement and report in the D/F-TDD, the measurement resource can be aperiodic or periodic.
Proposal 2: The mechanism of the CSI-RS for interference measurement (CSI-IM) can be extended to the multiple aggressor gNBs case.
Proposal 3: The NZP-CSI-RS can also be used for CLI measurement in order to get a more precise measurement results.

Proposal 4: The CLI report including CLI-RSSI or RSRP (if any) can be exchanged between the aggressor gNB and victim gNB. The report can be event-triggered or periodic.
Proposal 5: The new RAN measurement abilities should be introduced for supporting the CLI measurement and reporting: CLI-RSSI and/or CLI RSRP
6. Power control based solution
Proposal 7: The power control can be used for mitigate the gNB-gNB CLI, a mapping table between the CLI measurement results and the power control offset can be introduced for the power control in the aggressor gNB.

	OPPO [7]
	1. CLI measurement
Proposal 1: To support inter-gNB CLI measurement, the existing DL signal/resource should be reused as much as possible.
· CSI-RS and R16 CLI-RSSI resource can be considered as a starting point;
· SSB may be needed for timing synchronization between gNBs;
· The configuration of CSI-RS, CLI-RSSI resource or SSB should be exchanged over Xn interface.
Proposal 2: To support inter-gNB CLI measurement, L1-based RSRP/RSSI should be considered.
2. Coordinated Scheduling for time/frequency resources
Proposal 4: To support coordinated scheduling between gNBs, more flexible TDD DL-UL configuration exchange over Xn/F1 interfaces should be studied, e.g. TDD DL-UL configuration with periodicity longer than 10ms.
6. Power control based solution
Then separated closed loop power control or separated configuration of target received power for UL transmissions with CLI and without CLI should be studied. In R16 URLLC, two values of P0 can be dynamic indicated to UE for PUSCH transmissions, which can be a starting point as power control enchantments for R18 CLI handling. Furthermore, it should be studied whether PUCCH power control needs to be enhanced. 
Proposal 5: Separated closed loop power control or separated configuration of target received power for UL transmissions with CLI and without CLI should be studied.

	CATT [8]
	1. CLI measurement
Observation 1: With regard to overhead, CSI-RS/CSI-IM based solution has advantage over R16 CLI-RSSI resource pattern/SSB based solution . 
Observation 2:With regard to flexibility, R16 CLI-RSSI resource/ CSI-RS/CSI-IM is advantageous to SSB based solution.
Observation 3: To determine the measurement resource, information exchange overhead is significant for CSI-RS sequence based solution, while for R16 CLI-RSSI resource/SSB/CSI-RS resource pattern/CSI-IM based solution, no measurement configuration information exchange is needed.
Observation 4: From the point of UL resource muting, gNB scheduling based solution can be used for  R16 CLI-RSSI resource pattern/ SSB, while rate matching based solution should be used for CSI-RS/CSI-IM.
Proposal 6: Study CSI-RS resource pattern/CSI-IM based solution with high priority.
2. Coordinated Scheduling for time/frequency resources
Proposal 7: For dynamic/flexible TDD, at least SBFD configuration should be exchanged to enable coordinated scheduling for time/ frequency resource.
3. Spatial domain coordination method
Observation 5: Beam direction and beam based CLI measurement related information is beneficial to enable spatial domain coordination.
Proposal 8: Beam direction exchange is needed and beam based CLI measurement can be considered to enable spatial domain coordination.

	Intel [10]
	1. CLI measurement
· Short-term interference measurement: this instantaneous L1 measurement and report can allow gNB scheduler to assign resource and quickly adapt to fast changing environment and channel/interference conditions. Typically, CSI/CQI like or RSRP/RSSI measurement can be used for measurement. 
· Long-term interference measurement: the L3 measurements are filtered in order to reduce the impact of short-term variance, e.g., fast fading. In Rel-16, SRS-RSRP and CLI-RSSI measurement is obtained based on long term metrics for CLI mitigation.  
Proposal 1
· For gNB-to-gNB CLI mitigation, study CLI measurement and reporting schemes:
· NR CSI-RS as candidate for CLI-RS as a starting point. The configuration on the time/frequency/spatial information on the CLI-RS needs to be exchanged between gNBs. 
· Measurement and reporting periodicity: may be periodic, semi-persistent, or aperiodic
· CLI measurements may be categorized as short-term and long-term interference measurements
· Short-term CLI metrics may be defined based on CSI/CQI- or L1-RSRP/RSSI-like measurements
· Long-term CLI metrics may be defined based on CLI-RSRP- or CLI-RSSI-like measurements
2. Coordinated Scheduling for time/frequency resources
Proposal 2
· For coordinated scheduling, study resource blanking and related information exchange between gNBs
· DL resource blanking at aggressor gNB help to protect the UL transmission at the victim gNB
· UL resource blanking by a transmitting UE may involve significant UE complexity and further justifications may be needed.

3. Spatial domain coordination method
The application of spatial domain coordination motivates beam based CLI measurement.
Spatial domain coordination may include information exchange on the intended Tx beams from aggressor gNB perspective, and/or the preferred/not-preferred Tx beams for a victim gNB, etc.
Proposal 3
· For spatial domain coordination, study the exchange the following information between gNBs
· intended Tx beams from the perspective of an aggressor gNB
· preferred/not-preferred Tx beams from the perspective of a victim gNB 
5. UE and gNB transmission and reception timing
Proposal 5
· For gNB-to-gNB CLI mitigation, study timing synchronization assistance information exchange between gNBs to enable improved estimation of timing offsets between neighboring gNBs, especially in case of multi-operator deployments to enable better CLI estimation and its management.
6. Power control based solution
It is expected that power control enhancements, e.g., using UL PC to compensate against higher interference at victim gNB receiver, may be used as an effective tool in certain scenarios that may allow operation at relatively higher Interference Over Thermal (IoT) margins.
Proposal 4
· Power control enhancement can be studied, e.g., separate open-loop power control parameters can be configured for different UL transmissions. 


	SONY [11]
	1. CLI measurement
Observation 1: RE muting on REs containing RS from multiple gNBs may degrade the reliability of UL transmissions.
Proposal 1: RE muting on REs containing gNB RS is conditional upon the transmission parameters, such as the L1 priority or MCS of the UL transmission.

2. Coordinated Scheduling for time/frequency resources
Observation 2: Since the backhaul among gNBs has high latency, exchanging information between gNBs via the backhaul for coordinated scheduling has limited benefit in dynamic scheduling at each of the gNBs.
Proposal 2: Introduce new RS that can be used as Over-The-Air (OTA) physical layer signalling between gNBs for scheduling coordination.
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[bookmark: _Ref111024675]Figure 9: Using Slot & Subband Format info for coordinated scheduling

Observation 3: Signalling of information on Slot & Subband Format between gNBs is beneficial for coordinated scheduling.
Proposal 3: The gNB-gNB RS is used to indicate the Slot & Subband Format of the gNB transmitting the RS.
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[bookmark: _Ref111036033]Figure 10: L1 priority indication between gNBs

Observation 4: Since URLLC traffic has ultra-low latency, the gNB may need to schedule a URLLC transmission in a slot even if the gNB is aware that that slot suffers from CLI.  It is therefore beneficial that an aggressor gNB is aware of the L1 priority of a victim gNB’s transmission.
Proposal 4: The gNB-gNB RS is used to indicate L1 priority of a scheduled transmission.

4. Advanced Receiver
Observation 7: Advanced Receiveres may require significant information exchange between gNBs, which may not be practical as it is too slow over the backhaul or the overhead is too large to be transmitted OTA.
Proposal 6: Advanced Receiver is deprioritised in this SI.
5. UE and gNB transmission and reception timing
Timing alignment can be implemented using existing Timing Advance Offset at the victim gNB, where it can be set to a value that time aligns with an aggressor gNB’s DL transmission.  
Timing alignment between gNBs is used for gNB-gNB measurement purpose rather than to reduce CLI.  We should therefore consider the impact of timing misalignment after CLI reduction schemes such as coordinated scheduling have been implemented before we pursue any new gNB-gNB timing alignment methods.  
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[bookmark: _Ref115370969]Figure 11: Timing misalignment between gNB1 and gNB2
Observation 8: Timing alignment between gNBs can be implemented using existing Timing Advance Offset, where the victim gNB can align its uplink transmissions with an aggressor gNB’s DL transmissions.

Proposal 7: The impact of timing misalignment between gNBs, preferable after other CLI mitigation schemes have been applied, needs to be evaluated before considering any new gNB-gNB timing alignment methods.

8. Sensing based mechanism
Observation 5: Sensing such as LBT may reduce the UE and gNB throughput since the node is prevented from transmitting when it fails the LBT.
Observation 6: Unlike NR-U where LBT is required for regulatory purposes, sensing in Duplex Evolution is to manage CLI and therefore for Duplex Evolution the node does not have to stop its transmission whenever it fails the LBT.
Proposal 5: For sensing in SBFD or Flexible/Dynamic TDD, two sets of transmission parameters are indicated to the UE where the 1st set of transmission parameters is used if the UE passes the LBT and the 2nd set of transmission parameters is used if the UE fails the LBT.  The 2nd set of transmission parameters can use less transmission power and/or use more robust MCS than the 1st set of transmission parameters.


	Ericsson [12]
	2. Coordinated Scheduling for time/frequency resources
[image: ]
[bookmark: _Ref110868073]Figure 12: Three different system operation modes with associated TDD UL/DL pattern.
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[bookmark: _Ref110869522]Figure 13: Performance of dTDD and protected dTDD compared to sTDD in terms of mean user throughput 
for (a) UL, and (b) DL, at low, medium, and high loads.
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[bookmark: _Ref110869524]Figure 14: Performance of dTDD and protected-dTDD compared to sTDD in terms of 5th percentile user throughput 
for (a) UL, and (b) DL at low, medium, and high loads.
Observation 1 Protected dTDD is a simple and robust scheme for mitigating the performance impact of CLI without requiring fast exchange of information between gNBs. The scheme is feasible for operation both within and between operators.
Proposal 1	Capture the performance of protected dTDD in the TR as a beneficial CLI handling scheme under the umbrella of "co-ordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling."

	Lenovo [13]
	1. CLI measurement
Proposal 1: Support of use existing DL RS (CSI-RS, SSB) for inter-gNB CLI measurement. 
Proposed 2: Support exchange of CSI-RS (and/or SSB) configuration information over the backhaul among the aggressor gNB and potential victim gNBs for the purpose of inter-gNB CLI measurement. Support reporting of high-interference CSI-RS resources from a victim gNB back to the aggressor gNB.

[bookmark: _Hlk115355165]Proposal 8: Study unified inter-cell CLI handling through transmitting SRS by aggressor gNB/UE and measuring interference by victim gNB/UE.

[bookmark: _Hlk115355168]Proposal 9: The impact on the PUSCH reception when receiving CLI measurement RS can be solved by gNB implementation. 

3. Spatial domain coordination method
Proposal 3: Support per-beam inter-gNB CLI measurement and reporting to enable coordinate scheduling/beamforming. 
Proposal 4: Support reference signal configuration and inter-gNB signaling for aggressor gNB to inform other gNBs in the vicinity of beam-specific interference.
Proposal 5: Support aggressor gNB indicating to victim gNBs of any restrictions on using high-interference beams.
Proposal 6: Support victim gNB sending feedback to aggressor gNB about its high-interference beams.
Proposal 7: To enable coordinated scheduling/beamforming, support coordination/matching of TDD DL/UL on certain slots/symbols for use of high-interference beams.
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Figure 3 Inter-gNB CLI in the presence of analog beamforming


	Xiaomi [14]
	1. CLI measurement
Proposal 1: 
For the gNB-gNB CLI measurement:
· The measurement resource configuration should at least include the information related to the target RS type and the time/frequency domain resources carrying the RS.
· The UE can be configured/indicated to perform the rate matching around the resources used for interference measurement.
· Network listening based interference measurement can be further studied.
2. Coordinated Scheduling for time/frequency resources
For example, some UL RBs/subbands/RB sets can be reserved to protect its transmission of the important information. Then the aggressor gNB can hold its DL transmission on the reserved UL resources.
Proposal 2: The time/frequency domain resources can be reserved to protect the UL transmissions at the victim gNB.
6. Power control based solution
Proposal 3: The power adaptation schemes to alleviate the CLI issue can be further studied.

	CMCC [15]
	1. CLI measurement
Proposal 3: For inter-gNB intra-subband CLI measurement and reporting, the following aspects can be considered:
· Existing DL RS can be reused as the inter-gNB CLI measurement RS, e.g., CSI-RS;
· Backhaul signalling enhancement is needed to exchange related information, e.g., CSI-RS configurations.
· Resources muting in UL transmission for more accurate inter-gNB CLI measurement.

2. Coordinated Scheduling for time/frequency resources
Proposal 4: For coordinated scheduling for inter-gNB intra-subband CLI handling, support to enhance the backhaul signaling to exchange necessary information, e.g., scheduling information in time-domain, frequency-domain, spatial-domain, and power domain.

5. UE and gNB transmission and reception timing
Proposal 5: For inter-gNB intra-subband CLI handling, UE and gNB transmission and reception timing alignment can be further studied, e.g., set  via information n-TimingAdvanceOffset or define negative .


	NEC [16]
	1. CLI measurement
Proposal 2: For the use case of identifying aggressor gNB and associated aggressor beams, one-shot or aperiodic CLI-RS transmission is adopted
· FFS use cases which require periodic/semi-periodic CLI-RS transmission from a gNB
Proposal 3:  At least following information exchange between gNBs is required for CLI-RS transmission:
· CLI-RS time frequency resources
· Association between CLI-RS resource and gNB DL beam 
Proposal 4: Define CLI sensitivity level as measurement metric for gNB-gNB CLI measurements
Proposal 5: Study the impact of gNB-to-gNB CLI measurement on UE UL transmissions and whether there is a need to enhance the UL rate matching/puncturing procedures 
Proposal 6: Mechanisms to progressively mitigate interference based on measurement or report of measurement results should be studied. And the CLI-RS resource identifier or DL beam with the highest L1-RSRP/L1-SINR/L1-RSSI can be exchanged.

2. Coordinated Scheduling for time/frequency resources
Proposal 7: Following information exchange between gNBs is supported for coordinated inter-gNB scheduling 
· SBFD based frame structure in use by gNBs
· DL beam scheduling information
· DL transmission power information 
8. Sensing based mechanism
Proposal 1: Enhancement for the flexible symbols allocation can be studied, such as:
· Methods to achieve different UE interpretation different slot format for flexible symbols can be studied.
· LBT scheme can be applied to determine the flexible symbols used for DL or UL transmission.


	Apple [17]
	2. Coordinated Scheduling for time/frequency resources
3. Spatial domain coordination method
Proposal: For co-channel CLI handling for dynamic TDD and/or SBFD, study feasibility and benefit of R17 IAB solutions for coordinated scheduling between gNBs, e.g., 
Desired and/or prohibited beams, associated with SBFD slots/symbols
Coordinated scheduling on resources used for each link direction, associated with SBFD slots/symbols


	Samsung [18]
	1. CLI measurement
Observation 5: The existing Rel-16 RIM-RS type 1 or 2 are not sufficient as gNB-to-gNB CLI measurement resources
[image: Diagram

Description automatically generated]
Figure 1: RE-level DL CLI-RS using NZP CSI-RS resource set(s)
Proposal 1: NZP CSI-RS resource set(s) can be configured as gNB-to-gNB CLI measurement resources for SBFD and d/f-TDD
Proposal 2: Xn/F1AP signaling is extended to indicate the CSI-RS resource set(s) and/or muting patterns configured by the aggressor gNB for gNB-to-gNB CLI measurements by the victim gNB
Proposal 3: Measurements by the victim gNB to support gNB-to-gNB CLI estimation are left to implementation

3. Spatial domain coordination method
Proposal 7: RAN1 to study and evaluate the benefits of providing desired/prohibited beam indications using Xn-AP to support co-channel gNB-to-gNB CLI handling

6. Power control based solution
Similar to the case of desired/prohibited beam indications for spatial domain coordination, the existing Xn-AP signaling should be extended to allow for signaling of desired Tx power and PSD range. One possibility is to re-use existing Rel-17 eIAB functionality, e.g., desired and configured Tx power adjustment and PSD range indications for co-channel gNB-to-gNB CLI handling and port the corresponding signaling procedures and messages from RRC/MAC to Xn-AP.
Proposal 8: RAN1 to study and evaluate the benefits of providing Tx power adjustment and PSD range indications using Xn-AP to support co-channel gNB-to-gNB CLI handling


	MediaTek Inc. [19]
	1. CLI measurement
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2. Coordinated Scheduling for time/frequency resources

3. Spatial domain coordination method
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4. Advanced Receiver

5. UE and gNB transmission and reception timing

6. Power control based solution
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[bookmark: _Ref111197078]Figure 15: Illustration of CLI and non-CLI slots in dynamic TDD
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[bookmark: _Ref111197142]Figure 16: Two power control loops for CLI and non-CLI slots
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	LG Electronics [20]
	1. CLI measurement
Therefore, it should be assumed that at least the existing reference signal which is exploited for serving the UEs in the cell are used for CLI measurement. 
That is, it should be assumed that the location of the time/frequency resource for the reference signal such as the SS/PBCH block and the NZP-CSI-RS and the exchange of the corresponding resource configuration information, etc. are assumed.

Proposal 3: For discussing uplink blanking/muting, UL CI introduced in Rel-16 uRLLC should be baseline.

2. Coordinated Scheduling for time/frequency resources
Observation 1: Unless a specific behavior is forced on the scheduler of the gNB, feasible coordinated scheduling is supported by information exchange of the intended TDD DL UL configuration.

3. Spatial domain coordination method
Proposal 4: The exchange of beam configuration information of gNB should be considered as spatial domain enhancement for gNB-to-gNB CLI, and discuss the contents of such information to be exchanged.

5. UE and gNB transmission and reception timing
Proposal 2: Only enhancement of UE transmission timing can be considered for the UE and gNB transmission and reception timing for gNB-to-gNB CLI measurement.
6. Power control based solution
Observation 2: Unless a specific power control indication is forced on the victim gNB's scheduler, conventional uplink power control mechanism is sufficient for power control based enhancement for gNB-to-gNB CLI handling.


	NTT DOCOMO, INC. [21]
	1. CLI measurement
Proposal 3: Existing signals, e.g. SSB, CSI-RS, RIM-RS can be reused for the gNB-to-gNB CLI measurement and defining a new RS is not necessary.

Proposal 4: Information for measurement window needs to be exchanged among gNBs.

3. Spatial domain coordination method
Proposal 5: Information to be exchanged among gNBs should include spatial domain information.


	Qualcomm Incorporated [22]
	1. CLI measurement
Proposal 29: Existing DL RS (e.g. SSB, CSI-RS) can be used as starting point as CLI-RS. 
· RAN1 to further study possibility to enhance RIM-RS for inter-gNB CLI measurement.
Proposal 30: Investigate inter-gNB CLI measurement RS Tx and Rx time window configuration per cell.
Proposal 31: Consider gNB HD/FD capability in the inter-gNB CLI RS Tx and Rx time window configuration.
Proposal 32: RAN1 to study inter-gNB/DU CLI measurement, where the gNBs/DUs may belong to same or different CUs and CU may provide DU the measurement configuration.
Proposal 33: RAN1 to study inter-gNB CLI report contents.
Proposal 34: Support of inter-gNB CLI channel measurement and reporting to neighbouring gNBs for enabling Tx/Rx beamforming or nulling.
· Semi-static UL-muting patterns are configured to prevent UL transmissions from interfering with the inter-gNB CLI channel measurement.
Proposal 35: RAN1 will study report based inter-gNB CLI measurement and report free inter-gNB CLI measurement. 
Proposal 36: Inter-gNB CLI measurement RS can be transmitted by aggressor gNB and measured by victim gNB, which will provide measurement results or DL Tx restriction info to aggressor gNB.
Proposal 37: Inter-gNB CLI measurement RS can be transmitted by victim gNB and measured by aggressor gNB, which will derive caused CLI to victim gNB and corresponding DL Tx decision.
Proposal 38: Inter-gNB CLI measurement RS can include transmitting cell ID and can be CDMed across multiple transmitting gNBs to save resource.
Proposal 39: OAM or CU can configure the inter-gNB CLI transmission parameters, including time/frequency location, sequence ID, beam info, periodicity.
Proposal 40: OAM or CU can configure the inter-gNB CLI monitoring parameters, including monitoring window location, beam info and periodicity.

Proposal 41: Support to study OTA or backhaul information exchange for inter-gNB CLI reporting contents including inter-gNB CLI metric per Tx/Rx beam pair, allowed/disallowed beams, etc.
Observation 10: gNB-to-gNB CLI measurement and reporting can be used for gNB coordinated scheduling between gNBs and also can be used to facilitate inter-gNB Tx/Rx beamforming/nulling to reduce inter-gNB CLI.


2. Coordinated Scheduling for time/frequency resources
Proposal 42: Coordinated scheduling information for time/frequency/spatial domain can be exchanged via OTA or BH signalling for inter-gNB CLI mitigation.
Proposal 43: Support coordinated scheduling on DL Tx restriction on UL resources between cells.
Proposal 44: RAN 1 study semi-static or dynamic coordinated scheduling for inter-gNB CLI mitigation.


3. Spatial domain coordination method
Proposal 45: Support to investigate schemes for inter-gNB CLI mitigation in dynamic/flexible TDD and SBFD to identify compatible inter-gNB beam pairs, which can be based on inter-gNB CLI measurement and reporting per candidate DL/UL beam pair. 
Proposal 46: gNB adopts a slot-specific DL codebook restrictions, where a subset of PMI codebook is restricted in slots where a neighboring gNB has a conflicting traffic direction.
Proposal 47: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific DL/UL spatial parameters, e.g. beam or precoding matrix 
· For SBFD, spatial parameters configured for SBFD slots can be different from those configured for HD slots
· For dynamic TDD, spatial parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.
Proposal 48: Beam related coordination info can be sent between victim gNB and aggressor gNB
· If the inter-gNB CLI RS is transmitted from aggressor gNB and measured by victim gNB, the coordination info can include allowed/disallowed aggressor gNB DL beam(s), corresponding Tx power backoff and time/frequency resources. 
· If the inter-gNB CLI RS is transmitted from victim gNB and measured by aggressor gNB, the coordination info can include the intended victim gNB UL beam(s), corresponding intended time/frequency resources and max allowed caused interference level.


4. Advanced Receiver
In addition, we prefer not to further study advanced receiver, which could be up to gNB implementation, and corresponding performance gain is unclear without simulation results.
Proposal 28: Support to study the candidate’s solution for inter-gNB CLI other than “Advanced receiver” and “Sensing based mechanism”.

5. UE and gNB transmission and reception timing
Proposal 49: Investigate how to determine inter-gNB CLI RS Tx/Rx timing for accurate inter-gNB CLI measurement.
Proposal 50: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific TA.
· For SBFD, TA configured for SBFD slots can be different from those configured for HD slots.
· For dynamic TDD, TA configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.
Proposal 51: Simultaneous UL reception and inter-gNB CLI measurement can be achieved by configuring UE with zero or negative TA.

6. Power control based solution
Proposal 52: Support of gNB requesting another gNB to have X dB power backoff on time/frequency/spatial resources to mitigate inter-gNB CLI.
Proposal 53: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific power control parameters 
· For SBFD, power control parameters configured for SBFD slots can be different from those configured for HD slots
· For dynamic TDD, power control parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.

7. Potential enhancements to Rel-16 RIM
Support to study enhancements to Rel-16 RIM for inter-gNB CLI mitigation to identify usable beam pair and/or restricted beam of aggressor and victim gNBs.

8. Sensing based mechanism
We also prefer not to further study on sensing-based mechanism. Its potential benefit is not clear to us, considering the sensing complexity, accuracy, and possible delay.
Proposal 28: Support to study the candidate’s solution for inter-gNB CLI other than “Advanced receiver” and “Sensing based mechanism”.



	Nokia, Nokia Shanghai Bell [23]
	1. CLI measurement
Proposal 2: Consider NZP CSI-RS as the candidate RS for gNB-to-gNB CLI measurements.
Proposal 3: New inter-gNB signalling to exchange the CSI-RS configuration via the Xn interface is needed to facilitate the gNB-to-gNB CLI measurements.

2. Coordinated Scheduling for time/frequency resources

3. Spatial domain coordination method
Proposal 7: Study the feasibility DL precoding adaptation considering the exchange of detailed complex radio channel response between gNBs and the trade-offs between DL throughput and generated gNB-to-gNB CLI.

4. Advanced Receiver
Proposal 5: Enhanced gNB receivers should be considered as a possible solution for CLI mitigation, potentially assisted through information exchange of the CLI aggressor characteristics over the Xn interface (or the F1 interface in case of gNB-split architectures). Detailed solution is FFS.

5. UE and gNB transmission and reception timing
Observation 5: Differences in the reception timing of intended UL and DL signals result in IRC receiver performance degradation.
Proposal 4: Study the limitations and trade-offs of adjusting the TA offset including the potential backward compatibility problems between legacy UEs and Rel-18 UEs.

6. Power control based solution
Reducing the aggressor cell transmit power will help lower the gNB-to-gNB CLI, and thereby improve the victim cells uplink received SINR. The cost of this power reduction is, however, a potential performance drop in the aggressor cell. As shown in our previous RAN1#110 meeting TDoc [R1-2207268], system-level simulation results indicate that applying this scheme in a HetNet scenario increases the received UL throughput in the victim gNBs (small gNBs) with minor degradation of the DL throughput in the aggressor cells (macro gNBs).
Proposal 6: Enhancements on the signalling between gNBs is required to inform about the desired power reduction at the aggressor(s) cells.

In slots with expected CLI from neighbour gNBs, the victim gNB could indicate in the DCI that a given UE shall transmit with a higher pre-configured p0. Using a higher p0 will increase the received power at the victim gNB, which results in higher UL SINR. As a drawback, this scheme increases the interference towards neighbour cell UEs receiving in DL, potentially affecting the DL performance. If UE-to-UE CLI becomes a problem, Release-16 standardized mechanisms to measure and report the UE-to-UE CLI could be use such that the serving gNB can act accordingly. As shown our previous RAN1#110 meeting TDoc [R1-2207268], significant UL SINR and throughput improvements are obtained from our system-level simulations. This is achieved without barely decreasing the DL throughput on the aggressor cells.
Observation 6: UE power control specifications have high degree of flexibility. A UE could be configured with different p0 values and the gNB could indicate the specific p0 to be used in the next UL transmission via DCI.

7. Potential enhancements to Rel-16 RIM
Based on evaluations shown in [R1-1813465] both CSI-RS and RIM-RS designs could be suitable to detect the remote interference while the overhead of the CSI-RS design is smaller as it occupies only one OFDM symbol and allows to be frequency multiplexed with other DL transmissions.
Observation 4: There is no clear advantage of using RIM-RS as compared to CSI-RS for gNB-to-gNB CLI measurements.

8. Sensing based mechanism





2.2 Summary
In RAN1#109-e meeting, candidates of potential enhancement method of gNB-to-gNB CLI handling were identified, and it was agreed that prioritization/down-scoping of candidate schemes for study can be done in the future meeting. 
	Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of gNB-to-gNB CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· gNB-to-gNB CLI measurement and reporting
· Coordinated scheduling 
· Spatial domain enhancements
· Advanced receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Potential enhancements to Rel-16 RIM
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for inter-gNB CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancements specific for SBFD will be discussed in 9.3.2



In RAN1#110 meeting, following methods including CLI measurement, coordinated scheduling for time/frequency resources between gNBs and spatial domain coordination method were agreed for study of the feasibility and potential benefits of gNB-to-gNB inter-cell co-channel CLI handling:
	Agreement
Study the feasibility and potential benefits of gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource configuration
· Measurement details
· Relevant information exchange
· [bookmark: _Hlk115284164]Usage of measurement

Agreement
Study the feasibility and potential benefits of coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, the study at least includes:
· Details of coordinated scheduling for time/frequency resources 
· Relevant information exchange

Agreement
Study the feasibility and potential benefits of spatial domain coordination method for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, the study at least includes:
· Details for spatial domain coordination 
· Relevant information exchange
Note1: Study can include method for FR1 and FR2




As following previous discussion in RAN1#110 meeting, remaining methodes (i.e., Advanced receiver, UE and gNB transmission and reception timing, Power control based solution, Potential enhancements to Rel-16 RIM, Sensing based mechanism.) will be discussed with higher priority for determining whether study is necessary or not. Also, the other topics (i.e., CLI measurement, Coordinated scheduling, and spatial domain coordination) will be discussion with medium priority in RAN1#110-bis-e meeting.

4. Advanced Receiver
Three companies (Huawei, MediaTek, NOKIA) support to study of feasibility and potential benefit of advanced receiver. But, two companies (SONY, Qualcomm) do not support to study because companies are thinking performance gain is unclear and required information exchange is significant. More input from companies are required whether study of advanced receiver is necessary or not.

5. UE and gNB transmission and reception timing
The main motivation of UE and gNB transmission and reception timing is to align time boundary between received signal/channel from UE and received signal/channel from inter-gNB for operating advanced receiver, providing higher accurate CLI measurement result. For enabling timing alignment, timing adjust of gNB is required. Consequently, UE transmission timing needs to be adjusted. By using current specification, this timing adjustment can be operated. But, further enhancement of adjusting TA needs to be investigation, and the limitations and trade-off of adjusting the TA offset needs to be studied. In this sense, moderator suggests to study feasibility and potential benefit of UE and gNB transmission and reception timing for gNB-to-gNB co-channel CLI handling.

6. Power control based solution
Most of companies are commonly thinking two different power control mechanisms (i.e., gNB transmission reduction, UE transmission power boosting) help victim gNB overcome gNB-to-gNB co-channel CLI from aggressor gNB. But, controversial point is whether current specification for power control/power adjustment can support fully or not. Multiple power control parameter seems beneficial for adjusting UL transmission power depending on time resource. But, this parameter is applied only PUSCH. In this aspect, proponent companies are thinking further enhancement for other channel and/or signal is necessary for gNB-to-gNB CLI handling. Also, companies are thinking DL power adjustment is beneficial to reduce CLI power level from inter gNB. Several details (e.g., Tx power adjustment, PSD range indication, power backoff, and so on) were proposed by proponent companies. In this sense, moderator suggests to study feasibility and potential benefit of power control based solution for gNB-to-gNB co-channel CLI handling. 

7. Potential enhancements to Rel-16 RIM and 8. Sensing based mechanism
The number of input for these schemes is very limited, and discussion seems quite controversial. Furthermore the motivation of the study seems unclear. Therefore, moderator suggests no further discussion regarding potential enhancements to Rel-16 RIM and sensing based mechanism in Rel-18 DE SI.


Following are a summary of companies input.

1. gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling [Medium Priority for discussion]
1-1. Measurement resource configuration
Reference Signal for measurement
Support: 
· Huawei (The existing RS (e.g. DMRS of PBCH SIB1, unicast PDSCH /PDCCH) can be studied as a starting point)
· ZTE (The existing DL RS e.g., SSB, CSI-RS can be used as measurement RS. UL rate-matching/cancellation mechanism)
· H3C (Existing CSI-RS for interference measurement (CSI-IM), NZP-CSI-RS)
· OPPO (The existing DL singal/resource should be reused. CSI-RS and R16 CLI-RSSI resource as a starting point. SSB may be needed for timing synchronization)
· CATT (Study CSI-RS resource pattern/CSI-IM based solution with high priority)
· Intel (NR CSI-RS as candidate for CLI-RS as a starting point.) 
· Lenovo (Support of use existing DL RS (CSI-RS, SSB), Transmitting SRS by aggressor gNB.)
· Xiaomi (The measurement resource configuration should at least include the information related to the target RS type)
· CMCC (Existing DL RS can be reused as the inter-gNB CLI measurement RS, e.g., CSI-RS)
· NEC (one-shot or aperiodic CLI-RS transmission)
· Samsung (NZP CSI-RS resource set(s) can be configured as gNB-to-gNB CLI measurement resources for SBFD and d/f-TDD)
· MediaTek (Measurement of inter-gNB CLI in NR duplex operation can be based on existing RSs, such as CSI-RS.)
· LG (at least the existing reference signal which is exploited for serving the UEs in the cell are used for CLI measurement.)
· NTT DOCOMO (Existing signals, e.g. SSB, CSI-RS, RIM-RS can be reused, defining a new RS is not necessary)
· Qualcomm (Existing DL RS (e.g. SSB, CSI-RS) can be used as starting point as CLI-RS. Investigate inter-gNB CLI measurement RS Tx and Rx time window configuration per cell. Consider gNB HD/FD capability in the inter-gNB CLI RS Tx and Rx time window configuration. study inter-gNB/DU CLI measurement, where the gNBs/DUs may belong to same or different CUs and CU may provide DU the measurement configuration. study inter-gNB CLI report contents.)
· NOKIA (Consider NZP CSI-RS as the candidate RS)


UL Blank/Muting Resource
Support: 
· Huawei (Introducing uplink blank/muting re-sources for different downlink signals, The existing RS (e.g. DMRS of PBCH SIB1, unicast PDSCH /PDCCH) can be studied as a starting point)
· SONY (RE muting on REs containing gNB RS is conditional.)
· CMCC (Resources muting in UL transmission for more accurate inter-gNB CLI measurement.)
· NEC (Study the impact of gNB-to-gNB CLI measurement on UE UL transmissions and whether there is a need to enhance the UL rate matching/puncturing procedures)
· LG (UL CI introduced in Rel-16 uRLLC should be baseline.)
· Qualcomm (Semi-static UL-muting patterns are configured to prevent UL transmissions from interfering with the inter-gNB CLI channel measurement)
Not support/Deprioritize:
· Lenovo (The impact on the PUSCH reception when receiving CLI measurement RS can be solve by gNB implementation.)

1-2. Measurement details
Support: 
· Huawei (different measurement quantities such as RSRP, RSSI, channel estimation, interference covariance matrix based on the uplink blank/muting resources for different gNB-gNB CLI handling scheme.)
· H3C (CLI-RSSI and/or CLI-RSRP are needed by the victim gNB))
· OPPO (L1-based RSRP/RSSI should be considered.)
· Intel (Measurement and reporting periodicity: may be periodic, semi-persistent, or aperiodic. Short-term CLI metrics may be defined based on CSI/CQI- or L1-RSRP/RSSI-like measure-ments, Long-term CLI metrics may be defined based on CLI-RSRP- or CLI-RSSI-like measurements)
· NEC (CLI sensitivity level as measurement metric)
· Samsung (Measurements by the victim gNB to support gNB-to-gNB CLI estimation are left to implementation)


1-3. Relevant information exchange
Support: 
· Huawei (exchanging the measurement resource configurations, measurement quantities as well as the need of other relevant information such as scheduling decisions between the gNBs for different gNB-gNB CLI handling schemes)
· vivo (measurement resources, measurement reports of RSRP/RSSI/beam, scheduling information, SBFD resource configuration (for SBFD CLI))
· OPPO (The configuration of CSI-RS, CLI-RSSI source or SSB should be exchanged over Xn interface.)
· Intel (The configuration on the time/frequency/spatial information on the CLI-RS needs to be exchanged between gNBs)
· Lenovo (Support exchange of CSI-RS (and/or SSB) configuration information over the backhaul.)
· CMCC (Backhaul signalling enhancement is needed to exchange related information, e.g., CSI-RS configurations)
· NEC (CLI-RS time frequency resources, association between CLI-RS resource and gNB DL beam. the CLI-RS resource identifier or DL beam with the highest L1-RSRP/L1-SINR/L1-RSSI can be exchanged.)
· Samsung (Xn/F1AP signaling is extended to indicate the CSI-RS resource set(s) and/or muting patterns configured by the aggressor gNB for gNB-to-gNB CLI measurements by the victim gNB)
· LG (The location of the time/frequency resource for the reference signal such as the SS/PBCH block and the NZP-CSI-RS and the exchange of the corresponding resource configuration information, etc. are assumed.)
· NTT DOCOMO (Information for measurement window needs to be exchanged among gNBs.)
· Qualcomm (Support to study OTA or backhaul information exchange for inter-gNB CLI reporting contents including inter-gNB CLI metric per Tx/Rx beam pair, allowed/disallowed beams, etc.)
· NOKIA (New inter-gNB signalling to exchange the CSI-RS configuration via the Xn interface)


1.4 Usage of measurement
Support: 
· Huawei (The uplink blakn/muting resource can be used to suppress or mitigate the gNB-to-gNB CLI in different way, e.g. CLI measurement, or CLI avoidance, or used for the reference signal for the gNB-to-gNB channel measurement for coordinated beamforming.)
· Qulacomm (gNB-to-gNB CLI measurement and reporting can be used for gNB coordinated scheduling between gNBs and also can be used to facilitate inter-gNB Tx/Rx beamforming/nulling to reduce inter-gNB CLI.)


2. Coordinated scheduling for time/frequency resources between gNBs [Medium Priority for discussion]
2.1 Details of coordinated scheduling for time/frequency resources 
Support: 
· Huawei (semi-static and dynamic coordinated scheduling considering the requirements on the channel measurement in FR1)
· Intel (Study resource blanking and related information exchange between gNBs. DL resource blanking at aggressor gNB help to protect the UL transmission at the victim gNB. UL resource blanking by a transmitting UE may involve significant UE complexity.)
· SONY (Introduce new RS that can be used as Over-The-Air (OTA) physical layer signalling between gNBs for scheduling coordination.)
· Ericsson (‘Protected dTDD (the first four slots are configured as flexible and one slot is reserved for UL-only F-F-F-F-U.) is a simple and robust scheme for mitigating the performance impact of CLI without requiring fast exchange of information between gNBs. Capture the performance of protected dTDD in the TR as a beneficial CLI handling scheme.)
· Xiaomi (some UL RBs/subbands/RB sets can be reserved. The time/frequency domain resources can be reserved to protect the UL transmissions at the victim gNB)
· CMCC (support to enhance the backhaul signaling to exchange necessary information, e.g., scheduling information in time-domain, frequency-domain, spatial-domain, and power domain.)
· Apple (Coordinated scheduling on resources used for each link direction, associated with SBFD slots/symbols)
· LG (Feasible coordinated scheduling is supported by information exchange of the intended TDD DL UL configuration)
· Qulacomm (Support coordinated scheduling on DL Tx restriction on UL resources between cells. RAN 1 study semi-static or dynamic coordinated scheduling.)

2.2 Relevant information exchange 
(1) Exchange of time/frequency resources among cells
Support: 
· TCL (The details of coordinated scheduling of time/frequency resources which are common to both dynamic TDD and SBFD operation (relevant information exchange, muting those RBs of dynamic TDD operation, time window for simultaneous existence of dynamic TDD and SBFD operation)
· Huawei (For semi-static coordinated scheduling, the configuration of the measurement resources should be exchanged for FR1 and FR2, the CLI strength of each beam pair (RSRP, RSSI) and the preferred Tx beams for each receive beam at the victim cell mentioned in spatial domain enhancement are also needed for FR2., For dynamic coordinated scheduling, the UE to be scheduled, the number of PRBs needed for the candidate scheduled UE should be additionally exchanged in FR1 and FR2, the preferred beams of the candidate scheduled UE should also be exchanged in FR2 )
· OPPO (more flexible TDD DL-UL configuration exchange over Xn/F1 interfaces, more than 10ms)
· CATT (at least SBFD configuration should be exchanged.)
· Intel (Study resource blanking and related information exchange between gNBs. DL resource blanking at aggressor gNB)
· NEC (SBFD based frame structure, DL beam scheduling information, DL transmission power information)
· Qualcomm (Coordinated scheduling information for time/frequency/spatial domain can be exchanged via OTA or BH signalling.
· Sony (SBFD and Slot Format exchange via OTA.  The L1 priority of scheduled transmission exchanged OTA)


(2) CLI measurement 
Support:
· Huawei (CLI measurement in FR2 and backhaul information exchange in FR1 and FR2.)


3. Spatial domain coordination method for gNB-to-gNB CLI handling [Medium Priority for discussion]
3.1 Details for spatial domain coordination 
Support: 
· Huawei (Tx beamforming for gNB-to-gNB CLI suppression and the solutions for gNB-to-gNB channel measurement, Beam coordination for gNB-to-gNB CLI suppression in FR2 and the solutions for gNB-to-gNB beam pairing.)
· ZTE (avoiding of high-interference beam in time/frequency resource, adjusting the beamforming of the DL transmission)
· CATT (Beam direction and beam based CLI measurement related information is beneficial to enable spatial domain coordination.)
· Intel (Beam based CLI measurement)
· Lenovo (per beam inter-gNB CLI measurement and reporting. Reference signal configuration and inter-gNB signalling.)
· Apple (Desired and/or prohibited beams, associated with SBFD slots/symbols)
· MediaTek (Analog beam coordination between gNBs is a more practical approach for inter-gNB CLI handling. Proactive-based interference mitigation schemes such as power control and analog beamforming could be considered in RAN1)
· Qualcomm (Support to investigate schemes for inter-gNB CLI mitigation in dynamic/flexible TDD and SBFD to identify compatible inter-gNB beam pairs, which can be based on inter-gNB CLI measurement and reporting per candidate DL/UL beam pair. gNB adopts a slot-specific DL codebook restrictions, where a subset of PMI codebook is restricted in slots where a neighboring gNB has a conflicting traffic direction. Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific DL/UL spatial parameters, e.g. beam or precoding matrix)


3.2 Relevant information exchange 
Support: 
· Huawei (Configuration of the measurement resources can be exchanged for coordinated beamforming, and the gNB-to-gNB channel can be measured at the aggressor cell. Configuration of the measurement resources, the CLI strength of each beam pair (RSRP, RSSI) and the preferred Tx beams for each receive beam at the victim cell can be exchanged for beam coordination)
· CATT (Beam direction exchange is needed and beam based CLI measurement can be considered to enable spatial domain coordination.)
· Intel (Study the exchange the following information between gNBs. Intended Tx beams from the perspective of an aggressor gNB, Preferred/not-preferred Tx beams from the perspective of a victim gNB)
· Lenovo (Support coordination/matching of TDD DL/UL on certain slots/symbols for use of high-interference beams.)
· NEC (SBFD based frame structure, DL beam scheduling information, DL transmission power information)
· Samsung (RAN1 to study and evaluate the benefits of providing desired/prohibited beam indications using Xn-AP)
· LG (The exchange of beam configuration information of gNB should be considered as spatial domain enhancement.)
· NTT DOCOMO (Information to be exchanged among gNBs should include spatial domain information)
· Qualcomm (Beam related coordination info can be sent between victim gNB and aggressor gNB)
· NOKIA (Study the feasibility DL precoding adaptation considering the exchange of detailed complex radio channel response between gNBs and the trade-offs between DL throughput and generated gNB-to-gNB CLI.)

4. Advanced receiver [High Priority for discussion in RAN1#110-bis-e meeting, Controversial]
Whether study is necessary
Support: 
· Huawei (Spatial characteristics of the CLI obtained by the uplink blank/muting resources can be used for IRC receiver.)
· MediaTek (Advanced receiver-based interference mitigation schemes could be considered in RAN1)
· NOKIA (Enhanced gNB receivers should be considered as a possible solution for CLI mitigation)
Not support/Deprioritize:
· SONY (Deprioritised in this SI. Advanced Receivers may require significant information exchange between gNBs. )
· Qualcomm (Not to further study advanced receiver, which could be up to gNB implementation, and corresponding performance gain is unclear without simulation results.)


5. UE and gNB transmission and reception timing [High Priority for discussion in RAN1#110-bis-e meeting]
Whether study is necessary
Support: 
· vivo (Accurately estimate interference. Negative TA can be configured for UE. RS configuration)
· Intel (study timing synchronization assistance information exchange between gNBs to enable improved estimation of timing offsets between neighboring gNBs, especially in case of multi-operator deployments to enable better CLI estimation and its management.)
· CMCC (UE and gNB transmission and reception timing alignment can be further studied, e.g., set  via information n-TimingAdvanceOffset or define negative .)
· LG (Only enhancement of UE transmission timing can be considered.)
· Qualcomm (Investigate how to determine inter-gNB CLI RS Tx/Rx timing for accurate inter-gNB CLI measurement. Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific TA. Simultaneous UL reception and inter-gNB CLI measurement can be achieved by configuring UE with zero or negative TA.)
· NOKIA (Study the limitations and trade-offs of adjusting the TA offset including the potential backward compatibility problems between legacy UEs and Rel-18 UEs.)
Not support/Deprioritize:
· Huawei (In current specification, the UL signal can be aligned with downlink interference when proper TAoffset and TA command are configured/indicated)
· SONY (The impact of timing misalignment between gNBs, preferable after other CLI mitigation schemes have been applied, needs to be evaluated before considering any new gNB-gNB timing alignment methods.)

6. Power control based solution [High Priority for discussion in RAN1#110-bis-e meeting]
Whether study is necessary
gNB DL Tx power control
Support: 
· ZTE (Resource with different inference levels, Multiple areas with a dedicated power control parameter for compensating the inference)
· New H3C (DL power control, offset value, PDSCH only)
· Xiaomi (The aggressor gNB adjust its DL transmission power to reduce the interference level. The power adaptation schemes to alleviate the CLI issue can be further studied.)
· Samsung (RAN1 to study and evaluate the benefits of providing Tx power adjustment and PSD range indications using Xn-AP)
· Qualcomm (Support of gNB requesting another gNB to have X dB power backoff on time/frequency/spatial resources to mitigate inter-gNB CLI. Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific power control parameters.)
· NOKIA (Enhancements on the signalling between gNBs is required to inform about the desired power reduction at the aggressor(s) cells)
Not support/Deprioritize:
· Huawei (to reduce the gNB transmission power will also affect the downlink throughput of the aggressor cell)

UE UL Tx power control
Support: 
· vivo (One direction is to enhance the UL power control. But, no solution available for CG-PUSCH power boosting in Rel-16.)
· OPPO (Two values of Po for PUSCH transmission in Rel-16 URLLC can be a starting point. Study whether PUCCH power control needs to be enhanced.)
· Intel (Power control enhancement can be studied, e.g., separate open-loop power control parameter can be configured for different UL transmissions)
· Xiaomi (The victim UE adjust its UL transmission power to boost its signal strength. The power adaptation schemes to alleviate the CLI issue can be further studied.)
· MediaTek (UL power boosting can be an efficient approach for inter-gNB CLI mitigation. Proactive-based interference mitigation schemes such as power control and analog beamforming could be considered in RAN1. Study the feasibility of enabling two UL power control loops for inter-gNB CLI handling. Support the use of a bitmap for slot indication to the UE when two UL power control loops are enabled.)

Not support/Deprioritize:
· Huawei (the gNB can indicate different power control parameters for the slot with CLI and slot without CLI, and can realize the UL power boost in slot with CLI/slot specific power control.)
· LG (Unless a specific power control indication is forced on the victim gNB's scheduler, conventional uplink power control mechanism is sufficient for power control based enhancement)
· NOKIA (UE power control specifications have high degree of flexibility. A UE could be configured with different p0 values and the gNB could indicate the specific p0 to be used in the next UL transmission via DCI.)

7. Potential enhancements to Rel-16 RIM [Controversial]
Whether study is necessary
Support: 
· Huawei (Only when there is strong interference received, the RIM RS can be transmitted. The reference signal design of RIM can be a starting point for CLI channel measurement.)
· Qualcomm (Support to study enhancements to Rel-16 RIM for inter-gNB CLI mitigation to identify usable beam pair and/or restricted beam of aggressor and victim gNBs.)
Not support/Deprioritize:
· NOKIA (Both CSI-RS and RIM-RS designs could be suitable to detect the remote interference while the overhead of the CSI-RS design is smaller. There is no clear advantage of using RIM-RS as compared to CSI-RS for gNB-to-gNB CLI measurements.)

8. Sensing based mechanism [Controversial]
Whether study is necessary
Support: 
· SONY (For sensing in SBFD or Flexible/Dynamic TDD, two sets of transmission parameters are indicated to the UE where the 1st set of transmission parameters is used if the UE passes the LBT and the 2nd set of transmission parameters is used if the UE fails the LBT.)
· NEC (LBT scheme can be applied to determine the flexible symbols used for DL or UL transmission)
Not support/Deprioritize:
· Qualcomm (Not to further study on sensing-based mechanism. Its potential benefit is not clear to us, considering the sensing complexity, accuracy, and possible delay)


2.3 1st Round Discussion
2.3.1 [Hold] gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling 

2.3.2 [Hold] Coordinated scheduling for time/frequency resources between gNBs 

2.3.3 [Hold] Spatial domain coordination method for gNB-to-gNB CLI handling

2.3.4 [Open] Advanced receiver 
Moderator Proposal #1-1 
· Study the feasibility and potential benefits of advanced receiver for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	Huawei, HiSilicon, Nokia, NSB

	Not support
	ZTE, Ericsson, Intel, DOCOMO,NEC, LG, Sony, Samsung, InterDigital




	Companies
	Views

	ZTE
	We are not sure what needs to be studied in RAN1 for advanced receiver.
1- Usually, receiver design depends on companies’ implementation. Do we intend to ask companies to provide their receiver design in RAN1 and compare performance? Do we intend to design new requirements for advanced receiver? This seems to be discussed in RAN4.
2- Based on companies’ input, some companies provided different aspects for the advanced receiver. For example, some companies proposed to study muting resource for advanced receiver while some other companies proposed dynamic information exchange for advanced receiver, all these aspects have been included in other proposals already. There is no need to have a separate proposal for advanced receiver itself.

	QC
	Advanced receiver could be up to gNB implementation. Need to clarify the spec impact.  
Agree with ZTE that other related proposals e.g. UL muting could be discussed/included in other proposals. 

	Ericsson
	Agree with comments from ZTE and Qualcomm

	CEWiT
	Even though advanced receivers is upto gNB implementation, muting of resources needs to be discussed.

	
	

	CATT
	Agree with previous companies that no need to further discuss.

	
	

	Intel
	The use of advanced receiver can be up to gNB implementation. On the other hand, if there is an interest to study advanced receiver, it should be clarified as to what kind of advanced receivers will be in the scope since otherwise, it appears too broad/vague.   

	NTT DOCOMO
	We also think it’s up to implementation.

	Huawei, HiSilicon
	@ ZTE and QC:
Our understanding is that all gNB-gNB CLI handling schemes would require some implementation at the gNB. This holds for all gNB-gNB CLI handling schemes including coordinated beamforming and spatial domain coordination. Do we intend to ask companies to provide the scheduler details on how resource coordination is done at the gNB or how precoders are calculated or do we need to set any new performance requirement in RAN4? The answer is obviously NO. As a matter of fact, what can to be discussed is how to enable these gNB-gNB CLI handling schemes such as measurement resources and procedures to facilitate the CLI handling scheme. We also would like to highlight that the advanced receiver-based schemes aim for gNB-gNB CLI suppression by exploring the spatial domain potentials to suppress gNB-gNB CLI at the receiver. 
On the other hand, it seems that companies can agree that it is critical to improve the gNB’s receiver performance under the circumstances of heavy cross link interference because the sensitivity is a key to obtain the coverage gain through full duplex, otherwise most of the coverage gain will be lost without considering the receiver sensitivity degradation which is not reflected in the SLS evaluation.

And if companies also think that the enabler e.g. UL blank/muting resource is included in other proposal, we could have a conclusion for the advanced receiver study as

Conclusion:
Enablers to improve the gNB’s receiver performance in the presence of cross link interference e.g. UL muting resource, is considered in the gNB-gNB cross link interference measurement and/or reporting. 

On the comment from Intel, we are fine to further to focus on interference rejection combining receivers, i.e. IRC receivers. 

	NEC
	The specific descriptions for advanced receiver scheme should be defined or reached a common consensus first.

	LG
	According to the contributions of companies, channel measurement enhancements between gNBs are based on the study of advanced receivers. Since the co-channel CLI measurement for gNB-to-gNB CLI handling is agreed to study but not specifically, the application of it should be studied after it.
If such specific advanced receiver is going to be mandated for the implementation of gNB and no spec support is necessary for the advanced receiver in RAN1 perspective, we do not see clear reason to study it.

	Nokia, NSB
	We are in a study item and the proposal from the FL does not mean that we are going to specify the receiver. It’s absolutely up to implementation. The point being that we are studying other solutions, e.g., CLI measurement, and the gain brought by these solutions cannot be assessed without agreeing on a receiver for evaluation. Now depending on the receiver to be agreed, the measured CLI can be well-exploited or not at the receiver, which may lead to different gains observed by different evaluations.
RAN1 should not ignore this point when evaluating other solutions such as CLI measurement/reporting, i.e., the gain could be more significant when a more advanced receiver is used.

	Sony
	Share similar views with ZTE & QC.  The type of signalling and mechanism required to support Advanced Receiver depends on the type of implemented receiver at the gNB.  Some require info exchange of the scheduled PDSCH whilst some require just muting REs to better detect the DMRS.   The muting aspect as Intel suggested can be covered under Measurement topic.  If scheduling info exchange is required, then this can be studied under Coordinated Scheduling.  Hence we do not see a need for a separate topic for Advanced Receiver.

	Lenovo
	Need to clarify the potential spec. impact for (which) advanced receiver.

	Samsung
	We consider gNB advanced receiver as very promising to achieve good SBFD and df-TDD performance. We see however little specification impact. We are in support of supporting Xn signalling to to improve support for gNB-gNB configured measurements signalling and gNB DL muting patterns. Not much evaluation work if any is needed. 

	InterDigital
	The advanced receiver used at gNB can be considered as part of gNB-implementation and studying/discussing its different aspects is not going to impact the specification. As for the gNB-to-gNB coordination or measurements required for advanced receivers, such aspects can be discussed in respective discussions. Therefore, in our view, separate discussion for advanced receiver is not required.




2.3.5 [Open] UE and gNB transmission and reception timing 
Moderator Proposal #1-2
· Study the feasibility and potential benefits of UE and gNB transmission and reception timing for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Timing adjustment/synchronization details
· Relevant information exchange
 
Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, Xiaomi, QC, New H3C, Intel, CMCC, vivo, NEC, TCL, Nokia, NSB, Lenovo(see comment), Samsung, InterDigital

	Not support
	Ericsson, OPPO (if targeting solution non-transparent to UE), Huawei, HiSilicon, LG (propose to study of UE reception and/or transmission timing (i.e., the victim gNB reception timing adjustment and/or aggressor gNB transmission timing adjustment) under gNB-to-gNB co-channel CLI measurement.), Sony




	Companies
	Views

	ZTE
	From our perspective, timing issues related to the gNB-to-gNB CLI are as following.
1- to ensure symbol boundary alignment between gNBs to reduce CLI;
2- to help gNB to measure the CLI RS accurately.
Thus, it is helpful to study the feasibility and potential benefits for this issue.

	Xiaomi
	We also support to further study the timing issue to make an accurate measurement.

	Ericsson
	This proposal is very vague, and we can't agree.
What does "feasibility and benefits of timing" mean? There is always timing. What aspects of timing are proposed? First a problem needs to be identified, and then a focused proposal can be considered.

	OPPO
	In order to be compatible with all UEs, we think timing adjustment/synchronization for gNB-to-gNB co-channel CLI handling should be transparent to UEs.

	CATT
	In general, we want to continue to discuss this aspect. Maybe there is no need to discuss the feasibility .

	New H3C
	We support this proposal. From our point of view, this can be studied together with the time issue in the SBFD.

	Intel
	Timing alignment within CP is necessary for proper interference handling of signals from different cells. 

	CMCC
	Due to the TA of UE UL transmission, for victim gNB, the timing between the received UL transmission of target UE and the CLI interference from aggressor gNB is not aligned, which will complicate the inter-gNB CLI mitigation. Thus we should analysis whether the current spec can solve this issue, e.g., configure zero TA as well as the impact on legacy UEs, or some other enhancement is needed.

	NTT DOCOMO
	We are open for the discussion, though we are not sure that simultaneous gNB reception of UE signal in UL and gNB signal in DL happens or not. 

	vivo
	Share similar view with ZTE. For victim gNB, RS for channel estimation may be interfered by DL transmission of aggressor gNB, which incur the inaccurate channel estimation.

	Huawei, HiSilicon
	In the current specification, TAoffset can be set to 0. If the delay is within the CP length, the subcarrier orthogonality between the downlink interference and the uplink signal can be guaranteed. Considering that strong gNB-gNB CLI comes from the surrounding gNBs, the problem of time alignment can be addressed in most cases. Besides, the benefits of negative TA/ negative  and potential backward compatibility problems between legacy UEs and Rel-18 UEs should be studied.

	LG
	The target of UE and gNB transmission and reception timing is to align the reception timing of interference from another gNB and desired signal from UE in victim gNB perspective. Similar to the UE-to-UE case, which is proven to be efficient in Rel-16 CLI handling/RIM WI, transmission timing from the UE served by victim gNB can be adjusted for accurate measurement of gNB-to-gNB CLI. Although it is only matter of degree, we think the alignment is targeting for reception within the CP length since the perfect alignment cannot be considered.
Besides, we think it can be discussed under the CLI measurement between gNBs since the target of timing alignment is measurement of the CLI between gNBs.

	Nokia, NSB
	We support the FL’s proposal. We observe that differences in the reception timing of intended UL and interfering DL signals result in IRC receiver performance degradation, therefore we suggest to further study this aspect.

Regarding the comments from Ericsson. I think adding “alignment” to the red text may help, i.e., “Study the feasibility and potential benefits of UE and gNB transmission and reception timing alignment”

	Sony
	We share similar views with Huawei, the timing alignment can be achieved using the existing NATA,offset parameters.  The benefit of negative NATA,offset isn’t clear since the gNB needs only to align the symbol boundary between UL & aggressor UE, it does not need to align the slot boundary and so is a negative NATA,offset an overkill.

	Lenovo
	Revise “UE and gNB transmission and reception timing” to “UE and gNB transmission and reception timing alignment”

	Samsung
	We see 2 motivations to look into transmission/reception timing issues with SBFD and df-TDD. (1) gNB SIC implementation works best with aligned DL Tx/UL Rx symbol timing. This requires an artificial N_TA = 0 setting for the SBFD slots. However, the serving cell can only use a single TA loop, then also the nUL slots will use N_TA = 0 and we require guard symbols. (2) Timing of UL-DL UE-UE interference is not a function of only the gNB-UE TA. Even if the gNB controls UL timing of a UE1, the aggressor UE1 interferes the victim UE2 as a function of UE1-UE2. We should consider in the SID if simple solutions such as 1 TA loop but an offset for the SBFD slot or 2 separate TA loops for SBFD slots / nULs slots respectively can solve such issues.

	InterDigital
	We support the proposal. Timing alignment could improve the gNB-to-gNB CLI measurement/mitigation, and therefore it is better to be studied.




2.3.6 [Open] Power control based solution 
Moderator Proposal #1-3
· Study the feasibility and potential benefits of power domain solution for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of gNB Tx power adjustment
· Details of UE Tx power control 
· Relevant information exchange
 
Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, Xiaomi, QC, CATT, New H3C, Intel, CMCC, vivo, NEC, LG, TCL, Nokia, NSB, Sony, Lenovo, Samsung, InterDigital

	Not support
	Ericsson, OPPO (concerning the 2nd subbullet) , Spreadtrum




	Companies
	Views

	QC
	Support to study slot-specific power control parameter configurations (if not listed/included in existing bullets).

	Ericsson
	For gNB-gNB CLI, power domain solution would imply reducing transmit power from aggressor gNB, which would sacrifice DL throughput.

	OPPO
	We have a concern on “Details of UE Tx power control”, which seems to attempt adjustment of UE Tx powers on the victim gNB side. If this is the case, we see a chance of increasing the UE power on victim side to compete with the power coming from aggressor side. We wonder whether such a power competition solution could risk a non-stable power profile over the network. So at present we prefer to remove subbullet of “Details of UE Tx power control”. 

	Spreadtrum
	Generally, we think the gNB Tx power adjustment is an implementation issue. Regarding UE Tx power control, it may cause UL performance degradation.

	Intel
	Power domain adjustment is a simple way to control the link performance 

	NTT DOCOMO
	We are open for the discussion.

	vivo
	Power based solution can include reducing DL transmission power from aggressor gNB or boosting UL power from victim gNB. For UL power control, this can be realized in a similar way as that specified in Rel-16 URLLC WI for services with different priorities. That is, different power control parameters e.g. P0 and different power loops can be used depending on the flexible TDD resource allocation or the existence/strength of the CLI.

	Huawei, HiSilicon
	gNB can indicate different power control parameters for the slot with CLI and slot without CLI for PUSCH/PUCCH/SRS. Thus, power control based solutions can be supported at least for UL PUSCH/PUCCH/SRS based on current specification. For the DL Tx power control, the DL performance of   aggressor and UL performance of victim should be further studied.

	LG
	As proposed by FL, the two branch of power control based solution is gNB Tx power adjustment, i.e., reduction of it from aggressor gNB to reduce the CLI between gNBs and the UE Tx power control, i.e., boosting to overcome gNBs CLI.
In the study of Rel-14 SI, there was an observation that power control of DL and UL is efficient to overcome gNB-to-gNB CLI. The point of the power control is to allocate different transmit power of the DL and/or UL on the time resource that potentially different direction is used between gNBs compared to the time resource that transmit direction is aligned. Considering those, power control is definitely efficient scheme to avoid and/or overcome CLI between gNBs. On the other hand, some companies argue that transmit power of the gNB should not be considered since the Tx power of the gNB is highly related to the coverage of it.
Therefore our suggestion is focusing on the uplink power control. First of all, it needs to be carefully checked that conventional uplink power control is sufficient or not. The multi-parameter for uplink power control in Rel-16 URLLC is only considered for the PUSCH transmission, so it can be a starting point for the study and further extension to PUCCH or CG-PUSCH can be considered.

	Nokia, NSB
	We can be supportive to this proposal in general for further study. Though, in our understanding, UE power control specifications already offer a high degree of flexibility, therefore further enhancements on UE Tx power control may not be needed. In contrast, gNB Tx power adjustment is very beneficial for gNB-to-gNB CLI mitigation therefore enhancements on the signaling between gNBs exchange information about the desired power reduction at the aggressor(s) cells need to be further studied.

	Sony
	We are supportive to study gNB-gNB power control.  

The benefit of power control between gNB and gNB depends on how fast information exchange can be achieved between gNBs.  Hence we think that in order for gNB-gNB power control to be beneficial, we need OTA signalling otherwise gNB-gNB power control is yet another scheme that looks good only on paper and doesn’t achieve what it is promised to do.

For UL Tx Power Control, I believe this should be under the UE-UE CLI topic.

	Samsung
	We think that existing multiple open loop parameters sets and dual closed loop are in principle sufficient for UE UL transmit power control. One issue is that the same Pc,max value upper limits the UE Tx power in any type of slot, SBFD, nUL, or even if UL slots are separated into 2 sets in (protected) df-TDD. Another limitation is DL EPRE for the SBFD SBs. 

	InterDigital
	We support the proposal. Considering the impacts of power control in CLI mitigation, the different aspects and solutions can be further studied.




2.3.7 [Open] Potential enhancements to Rel-16 RIM
Moderator Proposal for conclusion #1-4 
· No further discussion for potential enhancement to Rel-16 RIM for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	Ericsson, OPPO, New H3C, Intel, vivo, NEC, LG, TCL, Nokia, NSB, Sony, Lenovo, Samsung

	Not support
	




	Companies
	Views

	ZTE
	We can accept this proposal. 
However, we think the RIM framework can help gNB-to-gNB CLI discussion. Actually, based on the FL summary in section 2.2, the procedures or aspects summarized there are already similar like what we have in Rel-16 RIM.

	Ericsson
	Agree that it is too wide scope to discuss enhancements to Rel-16 RIM which was developed for a quite different scenario.

	CEWiT
	Agree with ZTE

	New H3C
	Supported. However, the concept of the RIM procedure can be used as a reference of the CLI measurement and reporting.



	Intel
	RIM is originally proposed to overcome atmospheric ducting which is different from the case of dynamic/flexible TDD. Therefore, it is not necessary to work based on RIM. 

	Huawei, HiSilicon
	Same view with ZTE.

	LG
	Support the proposal.

	Sony
	Share similar view with ZTE.  The OTA signalling aspect of RIM is highly beneficial for gNB-gNB CLI management.  However, we do not need to specifically enhanced RIM which has a lot of legacy baggage that may not be beneficial for SBFD and Flexible/Dynamic TDD.

	Samsung
	We support RIM enhancements in general, but also consider that RIM RS design carries the risk of significant work and evaluation effort. From that perspective, it may be easier to rely on existing NZP CSI-RS resource sets for gNB-gNB CLI measurements.



2.3.8 [Open] Sensing based mechanism
Moderator Proposal for conclusion #1-5
· No further discussion for sensing based mechanism for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, Xiaomi, OPPO, Spreadtrum, New H3C, Intel, CMCC, DOCOMO, vivo, Huawei, HiSilicon, LG, TCL, Nokia, NSB, Lenovo

	Not support
	NEC, Sony, Samsung, InterDigital




	Companies
	Views

	QC
	Deprioritize sensing based mechanism.

	Ericsson
	We think that sensing can be performed by gNB implementation.

	CATT
	This can be considered in the discussion of measurement enhancement

	
	

	CEWiT
	This can be de-prioritized.

	
	

	
	

	NEC
	In SI stage, we think sensing based scheme can be studied as the candidate method for mitigation the CLI and it is too earlier to remove it from the list. And we think sensing based mechanism is a good scheme for gNB-to-gNB CLI handling, as it is more accurate and short-term based, and the time for sensing is very short and resource overhead is very small, therefore, sensing can be discussed and maybe discussed from this meeting as other schemes if time permit.

	LG
	Similar view with Ericsson.

	Sony
	We believe sensing can be useful at the UE as gNB sensing can be implementation based.  Hence for gNB sensing, we do not have very strong view if majority of companies do not wish to further study it in this SI.  

	Samsung
	No standardized support necessary.

	InterDigital
	We share similar view with Sony.



2.4 2nd Round Discussion
2.4.1 [Open] gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling 
Moderator Proposal #1-6-2 (1)
For gNB-to-gNB co-channel CLI measurement, consider the existing DL channel/signals for receive power measurement (e.g., SSB, CSI-RS, DMRS, unicast PDCCH/PDSCH, etc.) can be are re-used. 
· FFS which type of DL channel/reference can be used for gNB-to-gNB co-channel CLI measurement

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	Samsung, NEC, Nokia, NSB, DOCOMO, New H3C, Xiaomi, OPPO, CEWiT (clarification required), QC (with clarification), Lenovo, ZTE, Intel, vivo, InterDigital, LG, Ericsson (with modification)

	Not support
	Sony (needs clarification)




	Companies
	Views

	Sony
	Are we discounting the use of RS for OTA signalling?  OTA signalling for scheduling coordination has been proposed by a few companies.

	CATT
	We may need some wording tuning , for example:

For gNB-to-gNB co-channel CLI measurement, only consider the existing DL channel/signals (e.g., SSB, CSI-RS, DMRS, unicast PDCCH/PDSCH, etc.) are used. 
· It is not assumed that nNew reference signal is used  not introduced for study and performance evaluation of gNB-to-gNB co-channel CLI measurement.
· FFS which type of DL channel/reference can be used for gNB-to-gNB co-channel CLI measurement


	CEWiT
	Question for clarification. RIM RS for gNB-to-gNB co-channel CLI measurement is not a new RS. Does it mean that it is in scope?

	QC
	We are ok with the main bullet. 
For the first FFS, would like to clarify that OTA signalling for coordinated scheduling is still on the study list?

	ZTE
	We agree with the intention of this proposal. But some wording refinement is needed. Also, the first bullet is not needed from our perspective, the main bullet is clear enough.

For gNB-to-gNB co-channel CLI measurement, consider the existing DL channel/signals (e.g., SSB, CSI-RS, DMRS, unicast PDCCH/PDSCH, etc.) as baseline are used. 
· It is not assumed that new reference signal is used for study and performance evaluation of gNB-to-gNB co-channel CLI measurement.
· FFS which type of DL channel/reference can be used for gNB-to-gNB co-channel CLI measurement


	InterDigital
	Ok with proposal, considering CATT version for the first bullet.

	Moderator
	Dose the RS for OTA signalling mean RIM-RS? 
If yes, I think that RIM-RS can be considered as a potential candidate for gNB-to-gNB CLI measurement, even though RIM-RS is designed for measurement of remote interference and resource overhead of RIM-RS seems larger than other signal.  

Please check whether modification in ‘Moderator Proposal #1-6-1 (1)’ is fine or not

	Sony
	@Moderator: I think the understanding is RIM-RS can be used as a model to develop OTA RS that is more suitable for SBFD & Flexible/Dynamic TDD.  I don’t think anyone propose to use RIM-RS directly.  Hence, we may develop new type of RS and this proposal seems to shut the door for this option.  

  

	QC
	We support the current version of proposal, and we support using existing DL channels/signals for inter-gNB CLI measurement. 
To answer Moderator’s question that we think OTA signaling could be still an option under some use cases, e.g. to carry cell-specific coordinated scheduling info to mitigate inter-gNB CLI (if no ideal BH or BH latency is large). Just would like to leave the door open at the early stage, while we agree on using existing DL channels/signals for inter-gNB CLI measurement.
We think we need to clarify what is meant by “quality measurement”. Receive power is good to us.

	LG
	Our understanding of the modified version proposal 1-6 (1) is to make reusing existing reference signals as a baseline and not excluding introducing new reference signal for gNB-to-gNB CLI measurement in terms of aggressor gNB. In that sense, it seems good starting point considering companies preferences.
However, regarding the new dedicated reference signal, we do not think it is desirable. If gNB-to-gNB CLI can be measured by reusing them, introducing a new dedicated RS seems rather enhancing than enabling, and since it is not targeting for serving cell UE, it might lead waste of resources.

	Ericsson
	Share similar view as LG. We think re-use of existing signals/channels should be the baseline.

Agree with Qualcomm that "power" is sufficient, hence suggest the following modification
… for receive power/quality measurement …

One concern though: why is there a split between Proposals 1-6-1 (1) and (2)? Shouldn't they be agreed together?

For gNB-to-gNB co-channel CLI measurement, it is agreed as baseline to study the use of existing DL channel/signals and/or existing measurement resources for received signal power/signal strength measurement
· FFS: Details of which/how signals/channels/measurement resources are used, e.g., SSB, CSI-RS, DMRS, unicast PDCCH/PDSCH, ZP-CSI-RS, CSI-IM, RSSI measurement resources, etc.

	Lenovo
	Ericsson’s revisions are good with us. 

	Huawei, HiSilicon
	We share a similar view with FL that the existing signals/channel can be reused for power or signal strength measurement as a starting point. New signals/channels are not precluded for received power, signal strength or other measurements if justified. 

We are fine with the suggestion from Ericsson to merge 1-6-1 (1) and 1-6-1 (2). 

	Moderator 2
	Thanks for further inputs.
The moderator Proposal#1-6-2 (1) seems agreeable.

The moderator Proposal#1-6-2 (1) does not prevent to study new RS.

Issue point is whether two proposals needs to be merged.
The purpose of using a reference signal or measurement resource is different. 
For example, reference signal (e.g., SSB, NZP CSI-RS) is used for the measurement quantity like RSRP which seems like SRS-RSRP. But, measurement resource (e.g, RSSI measurement resource) is used for measurement quantity like RSSI. If two proposals are merged, discussion would be complicated. 




Moderator Proposal #1-6-1 (2)
For gNB-to-gNB co-channel CLI measurement, consider the existing resources for received strength measurement (e.g., ZP CSI-RS, CSI-IM, Resource RSSI measurement resource, RMTC, etc.) can be re-used.

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	Samsung, NEC, Sony, Nokia, NSB, DOCOMO, New H3C, OPPO, CEWiT, QC (with edits), Lenovo, Intel (with comments), InterDigital, LG, Ericsson

	Not support
	




	Companies
	Views

	Samsung
	We assume that we mean “…. consider the existing measurement resource configurations for channel and interference measurements can be re-used, e.g., NZP/ZP CSI-RS, CSI-IM, RMTC, etc.)”

	Sony
	Reused as in with modifications or reinterpretation?

	Nokia, NSB
	We propose adding NZP/ZP CSI-RS in the list of example for completeness.

	New H3C 
	We share the same view as Nokia and Samsung, NZP/ZP CSI-RS can be added.

	Xiaomi
	The wording is quite ambiguous, there is no existing resource configured for the purpose of gNB measurement.

	CATT
	For gNB-to-gNB co-channel CLI measurement, only consider the existing measurement resources (e.g., CSI-IM, Resource RSSI measurement resource, etc.) can be used.


	QC
	For the examples in (), we think the existing CSI-IM or RSSI measurement resource may not be good enough to measure per cell interference or distinguish different neighbour cells’ interference level. (From our understanding, CSI-IM is typically used to measure background interference, but not used to measure per cell interference.) Instead, the existing SSB/CSIRS resources can be a better choice.

In addition, at least for FR1, support to measure inter-gNB CLI channel for beamforming/nulling, CSI-IM is not good for that and CSI-RS/SSB is required for this purpose.

Suggested edits:
For gNB-to-gNB co-channel CLI measurement, consider the existing resources (e.g., CSI-RS, SSB, etc.) can be used.

Also, it is better to study how the resources are configured for the Tx and Rx gNBs.

	ZTE
	The relationship between proposal Moderator Proposal #1-6 (1) and (2) should be clarified first. From our perspective, if, for example, CSI-RS is selected as the baseline for gNB-gNB CLI measurement, then automatically the resource of CSI-RS be used for measurement.
Or is the intention to say the existing resource configurations?

	Intel
	We support the suggestions to add CSI-RS (ZP/NZP), SSB. Also, in this regard, it may be clearer if this proposal is merged with Proposal #1-6 (1), since otherwise, there could be some ambiguity and potentially different interpretations in how to interpret relationship between the two, i.e., “existing DL channel/signals” and “existing resources”.

	Vivo
	Is the difference between Proposal #1-6 (1) and Proposal #1-6 (2) that Proposal #1-6 (1) is for CLI-RSRP measurement and Proposal #1-6 (2) is for CLI-RSSI measurement?

	InterDigital
	We are ok with the proposal, considering the clarified version from Samsung.

	Moderator
	The intention of proposal#1-6(1), sequence/signal/channel for measurement quantity like RSRP is intended, hence signal/channel in which sequence or identification is included are provided as an example. 

On the other hand, for proposal#1-6(2), resource for measurement quantity like RSSI is intended, hence sources which is a set of specific resource elements reserved for interference measurement without any sequence is provided as an example.  

Please check whether modification in ‘Moderator Proposal #1-6-1 (2)’ is fine or not

	QC
	Thanks Moderator to clarify the differences on the two proposals. Now we understand the intention of this proposal. 
I would say the Tx and Rx configuration of the resources need to be studied, since this proposal will work only for one aggressor gNB and one victim gNB. The Tx and Rx measurement has to be TDMed cross cells to be able to measure per cell interference. If overlapping, then there is on way to differentiate which cell is the aggressor cell to help inter-gNB CLI mitigation.
To resolve this, it is beneficial to study how the resources are configured for the Tx and Rx gNBs to reduce the overhead and measure CLI cross cells. 

	LG
	Different from the proposal 1-6 (1), it is our understanding that the intention of proposal (2) is to reusing existing configuration for gNB-to-gNB CLI measurement in terms of victim gNB. We prefer “are reused” instead of “can be reused” to align with the proposal 1-6-1(1), however current version is fine for us.

	Ericsson
	We think it's better to merge proposals. See our suggestion above, repeated here for convenience

For gNB-to-gNB co-channel CLI measurement, it is agreed as baseline to study the use of existing DL channel/signals and/or existing measurement resources for received signal power/signal strength measurement
· FFS: Details of which/how signals/channels/measurement resources are used, e.g., SSB, CSI-RS, DMRS, unicast PDCCH/PDSCH, ZP-CSI-RS, CSI-IM, RSSI measurement resources, etc.

	Huawei, HiSilicon 
	We are fine with the suggestion from Ericsson to merge 1-6-1 (1) and 1-6-1 (2).

	Moderator 2
	Thanks for further inputs.
The moderator Proposal#1-6-1 (2) seems stable.

As a next step, resource configuration for the Tx and Rx gNBs could be discussed.  




Moderator Proposal #1-6 (3)
For gNB-to-gNB co-channel CLI measurement, the benefit of uplink resources muting can be studied further.
· Note: Proponents of uplink resource muting are encouraged to provide evaluation result for comparison of performance between two cases when uplink resource muting for gNB-to-gNB co-channel CLI measurement is applied or not.

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	Samsung, NEC, Sony, Nokia, NSB, New H3C, Xiaomi, CATT, OPPO (with restriction), CEWiT, QC, Intel (need to qualify the note further), vivo, InterDigital, LG, Ericsson (with modification)

	Not support
	




	Companies
	Views

	Samsung
	In our view, it is important to restrict UL resource muting to gNB implementation techniques, e.g., by not scheduling and using RB-level muting only, such that CLI measurement performance can be assessed for both legacy UEs and new Rel-19 UEs.

	NEC
	Whether UL resource muting is required or not is also dependent on the periodicity of CLI measurements. If the CLI measurements are expected to be very infrequent, then we can assume that for such cases gNB (which is performing CLI measurement) can avoid scheduling UL transmissions in the symbols/slots where CLI is measured to improve measurement estimation. But for the case of frequent CLI measurement, UL muting resources may be beneficial to improve radio resource utilization while also guaranteeing good CLI measurement accuracy. 

	Xiaomi
	Although we are fine with the spirit of the proposal. However with the note, some common assumptions may need to be aligned to have a fair comparison.

	OPPO
	Similar view as Samsung. This uplink resource muting should be a matter between gNBs and transparent to UE. 

	Lenovo
	We are fine to study the benefits of resource muting while keeping in mind that UL performance impact due to CLI measurement can be avoided by gNB implementation, as pointed by Samsung. 

	ZTE
	DL resource muting should also be considered. 
For example, if there are multiple aggressor gNBs, when the victim is measuring interference from aggressor#1, the other aggressor gNBs may need to be muted.
Another example, in case of subband full duplex, if victim is measuring CLI in the UL subband, the victim itself may need to be muted in downlink, otherwise the self-interference will impact the measurement.

	Intel
	We are ok to study, but then, the note should clarify that evaluations should establish the need for solutions that are non-transparent to UE. So, the comparison should not just be between when “UL resource muting” is applied or not, but between “UL resource muting that is non-transparent to UE” vs. “UL resource muting that can be transparent to UE, e.g., by not scheduling on some resources”.

	vivo
	Regarding the evaluation, we should have a common principle that for the potential enhancements, evaluation result should be encouraged to provide to show the gain it can get, not only for uplink resource muting but also for other enhancements, such as power control based solution, spatial domain based solution, CLI enhancement, etc.

	Moderator
	The purpose of UL resource muting around DL signal/channel from aggressor gNB is to guarantee accurate CL measurement. RB-level UL muting seems simple.

Moderator Proposal #1-6 (3) seems stable. 
If there is no further comment, I’ll suggest this proposal for email approval on Friday.

	QC
	Support.

	Intel2
	As suggested in earlier comment, the study should not only compare between two cases when uplink resource muting for gNB-to-gNB co-channel CLI measurement is applied or not, but also, between “UL resource muting that is non-transparent to UE” vs. “UL resource muting that can be transparent to UE, e.g., by not scheduling on some resources”.

	LG
	Support the proposal and we think details of uplink muting can be discussed after agreeing on this proposal. 

	Ericsson
	We are fine with the latest version of the proposal discussed on the reflector where the Note is removed.

Moderator Proposal #1-6 (3)
For gNB-to-gNB co-channel CLI measurement, the potential benefit of uplink resources muting can be studied further.
   Note: Proponents of uplink resource muting are encouraged to provide evaluation result for comparison of performance between two cases when uplink resource muting for gNB-to-gNB co-channel CLI measurement is applied or not.


	Lenovo
	We have similar view with Intel, and we prefer to remove the note. 

	Huawei, HiSilicon
	We think the note provide a good guidance on what should be done in the next step, i.e. companies should provide performance evaluations to justified the necessity and design of uplink resource muting based gNB-gNB CLI handling schemes. This applies for all other gNB-gNB CLI handling schemes as well.

	Moderator 2
	The following is now agreed.

Moderator Proposal #1-6-3(3)
For gNB-to-gNB co-channel CLI measurement, the potential benefit of uplink resources muting can be studied further.
Note: Proponents of uplink resource muting are encouraged to provide evaluation result for comparison of performance between two cases when uplink resource muting based gNB-gNB CLI handling schemes including both UE transparent and non-UE transparent schemes is applied or not.


Thanks all for being flexible. 




Moderator Question
Q1) What is a purpose of defining measurement quantities (e.g., RSRP, RSSI, CQI, etc.) for gNB-to-gNB co-channel CLI measurement?


Companies are invited to provide views on the above proposal. 
	Companies
	Views

	Moderator
	gNB may exchange the measurement result among cells for coordinated scheduling or spatial domain coordination.

	Samsung
	We do not think that it is meaningful to exchange reportable measurements between gNBs using the Xn. Latency and capacity on the logical link are a concern. Even if long-term load- or resource utilization type statistics could be exchanged between gNBs to support the gNB scheduler, these would then be low/medium/high type, so not directly corresponding to 38.215 measurement quantities. Reporting/filtering framework and accuracy requirements would in addition result in significant specification work.

	NEC
	We have same understanding as moderator that measurement results can be exchanged between gNBs for coordinated scheduling decisions. 

	Sony
	We think RS can also be used for OTA signalling in addition to measurement.

	Nokia, NSB
	A gNB can identify the potential aggressor gNB(s) generating CLI by using measurements quantities like RSRP or others. Identify the aggressor is the prerequisite first step in many of the CLI mitigation schemes such as power control-based, coordinated scheduling and spatial domain coordination.

	NTT DOCOMO
	We share the same view with moderator.

	New H3C
	We share the same view with moderator too. Besides, we think the measurement can be short-term and/or long-term measurement quantities.

	OPPO
	Agree with Moderator that the inter-gNB CLI measurement result can be exchanged between gNBs. Furthermore, the definitions of measurement quantities are needed for RAN4 tests. 

	QC
	We share the same view with Moderator that exchanging the measurement results could be beneficial for coordinated scheduling/spatial domain/power domain coordination. The CLI measured metrics (e.g. RSRP, RSSI, SINR) could be a part of the report. Also, we need to use it to identify aggressor gNB or high interference neighbor gNB / beam.
We also need to define measurement quantities for inter-gNB channel measurement.
In addition, it is also useful for RAN4 testing purpose to have a metric defined to align the measurement accuracy. 

	Lenovo
	We share the same view with moderator.

	ZTE
	To, the measurement quantities can help to indicate/evaluate the CLI level.
BTW, the aggressor identity also needs to be identified. Do we consider aggressor identity as a measurement quantity?

	Intel
	Agree with Moderator that some of these measurement results can be useful to share/exchange between gNBs and should be studied further to enable proper gNB-to-gNB CLI mitigation. 

	vivo
	Exchange of RSRP measurement among gNBs are not needed, as the RSRP from neighboring gNBs are static and can be determined when the gNB is installed, no need to have online exchange of RSRP during the gNB operation. 
RSSI may be considered as it varies depending on the neighbor cell scheduling decisions, but it cannot identify the exact interference source, therefore the usefulness of RSSI exchange among gNBs would need to be proved by simulation results considering the practical backhaul delay? 
CQI: not sure that is meant by gNB-gNB CQI? 


	InterDigital
	We have the same understanding as moderator, that measurement results can be exchanged between cells for CLI mitigation.

	Moderator
	Thanks for providing inputs.
It seems our understanding is quite aligned.  

	LG
	We are also aligned to the moderator’s understanding.

	Ericsson
	We disagree with the moderator. Measuring CLI is one thing, but it does not mean that gNBs necessarily need to exchange the measurement results. Based on the CLI measurements gNBs can decide to co-ordinate by exchanging other information, e.g., intended TDD pattern to avoid CLI. But the measurements themselves do not need to be exchanged.

	Huawei, HiSilicon
	Our view is that even some measurement quantities can be defined, this does not mean there is a need to exchange them. This depends on how these measurements will be used to handle the gNB-gNB CLI. 

	Moderator2
	Thanks for further input. 
It seems even the measurement information does not be changed, measurement quantities can be defined.

Can we consider ‘RSRP’ and/or ‘RSSI’ which are defined for UE-to-UE co-channel CLI are a starting point of measurement quantities for study of gNB-to-gNB co-channel CLI measurement?  





2.4.2 [Open] Coordinated scheduling for time/frequency resources between gNBs 
Moderator Proposal #1-7-2
For details of coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· DL resource blanking including time/frequency resource at aggressor gNB
· UL resource restriction including time/frequency resources among gNBs
· Enhancement of intended TDD UL-DL configuration
· Other details are not precluded.


Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	Samsung, NEC, Nokia, NSB, New H3C, QC, Lenovo, ZTE, Intel, LG, Ericsson (with modification)

	Not support
	Sony (will object)




	Companies
	Views

	Samsung
	We should only consider the available existing Rel-15 mechanisms to support UE-side resource blanking/muting at RB or RE-level, e.g., RMP. If gains of coordinated scheduling depend on the penetration rate of SBFD-aware UEs supporting newer UL resource blanking solutions, these gains cannot be assumed as always present.

	Sony
	Why is resource blanking under Coordinated Scheduling? Should it be under Measurements? 

We should consider other scheduling coordination parameters and not limit them at this stage, i.e.:

For details of coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB CLI handling, followings can be studied. 
· DL and UL resource restriction including time/frequency resources among gNBs
· SBFD and slot formats
· L1 prioirty
· FFS other scheduling parameters

 

	CATT
	In general we also support, but prefer to change to ‘at least the followings can be studied.’
Note that muting generally belongs to measurement but we think muting specifically for coordinated scheduling can also be studied here.

	OPPO
	As the title of 2.4.2 suggests, this is all about scheduling. So if the DL resource blanking and UL resource restriction have any impacts to UE, the impacts should present via the scheduling. 

	ZTE
	In general, we support this proposal. But we would like to add an FFS to study whether /how these blanking/restriction should be configured/indicated to UE, especially for UL.
FFS: configuration information to the UE for the DL resource blanking and UL resource restriction to the UE

	vivo
	It would be necessary to clarify, before the study, would the two methods in sub-bullets be supported by existing methods or scheduler implementation, or it require any changes to the specification and what changes? 

	Sony
	It is still unclear why and how this muting is part of Coordinated Scheduling.  Does this mean that:

1) Victim gNB commands aggressor gNB to mute its transmission?  Are network vendors happy to have one gNB dictating another gNB on its scheduling matter?
2) Aggressor gNB tells victim gNB that is going to mute some REs.  How is this beneficial to victim gNB if it is some scattered REs that are muted?  Unless agreesort gNB tells victim gNB that it has committed not to use certain slots then it may be useful but then how is this aggressor going to tell victim gNB that is is going to blank some slots?  Going via X-interface doesn’t work.  What happens if aggressor gNB got a URLLC transmission and couldn’t transmit because it promised victim gNB it is going to blank a slot?
Simply said, this doesn’t make any sense.  I would thought it would be more useful, if the aggressor gNB tells the victim gNB where its RS, PDSCH DMRS, URLLC transmissions, PRBs are and let the victim gNB decides how to avoid it.  That is the aggressor gNB tells the victim gNB its SCHEDULING PARAMETERS (as per the title of this section).

Sorry but I simply cannot agree with the 1st sub-bullet unless someone can tell me how this muting works and why it fits to be in this section.




	InterDigital
	Support the proposal in general. However, other methods could be considered as well. For example, “directional muting” could be used where the muting is performed only for a specific beam. So, either the word “at least” could be added, or investigating other techniques could be considered as FFS.

	Moderator
	@ Sony
In my understanding, the purpose of UL resource muting is to guarantee good CLI measurement accuracy. UL resources which are overlapped with DL signal (e.g., SSB, NZP CSI-RS, etc.) are muted. 
But, the purpose of resource coordination is to escape CLI between PDSCH/PDCCH and PUSCH/PUCCH. For example, UL only slot is align for all cells. 

@ All
Please check whether modification in ‘Moderator Proposal #1-7-1’ is fine or not

	Sony
	@Moderator: 
On your comment:

…the purpose of UL resource muting is to guarantee good CLI measurement accuracy.

Based on your clarification, this proposal should be under Measurements and is basically additional details to Proposal #1-6 (3).  It is unclear what it is doing under Coordinated Scheduling.

On your comment:

But, the purpose of resource coordination is to escape CLI between PDSCH/PDCCH and PUSCH/PUCCH. For example, UL only slot is align for all cells. 

The current proposal does not address what you just commented.  I would have thought that gNB should exchange Scheduling Information such as FDRA, TDRA, L1 priority, MCS (if required for cancellation), Tx Power, etc. For the benefit of Flexibe/Dynamic TDD, shouldn’t gNB also exchange info on Slot Format and SBFD format?  The gNB could then take this information and decide how to schedule, e.g. avoid slot with strong PDSCH transmission, or stop a PDSCH transmission so that a URLLC PUSCH in another gNB can get through reliably.  

I do not understand why none of this scheduling information is considered even though they are being proposed, instead the ONLY coordination being considered is muting, which itself isn’t even clear.  What type of information is being exchange in muting/blanking?  My questions still remain unanswered, i.e. 

1) Is a gNB telling another gNB to mute its transmission?
2) Is a gNB promising another gNB that it will blank some future slots?
3) Is this info going to be exchanged via X interface?
4) How would this impact URLLC scheduling?

I am sorry, since none of my questions were addressed and the proposal doesn’t seem to exchange any scheduling information, I have no choice but to object.




	QC
	We are fine for the proposal.

	LG
	@ Sony,
It is our understanding that proposal 1-6 (3) is considering about the uplink resource muting for accurate CLI measurement based on the configuration from victim gNB to the UE served from that gNB without consideration of coordination between gNBs. And proposal 1-7 is about gNB’s behavior based on coordinated scheduling, especially for DL resource blanking in aggressor gNB’s perspective and UL resource restriction in victim gNB’s perspective, which does not necessarily include UE’s behavior. 
As an example, following figure can be considered for coordinated scheduling for time/frequency resources. It is up to gNB to configure uplink resource muting in Proposal #1-6 (3) for the second and third time resource, which is within the blue square, which does not require coordination between gNBs, while the DL resource blanking/ uplink resource restriction is shown in the fourth time resource, which clearly requires coordination between gNBs. Hope it clarifies understanding.
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In those perspective, separated proposal is fine to us.
For the proposal itself, since it is not targeting specific mechanisms for DL resource blanking/ UL resource restriction, details of them can be discussed further.

	Ericsson
	We agree to the main bullet and sub-bullets, but the FFS is not needed, it is implied by the sub-bullets. Also the word "co-channel" is missing.

Furthermore, the simplest/most natural method of co-ordination is missing, hence should be included, i.e., where gNBs co-ordinate TDD patterns

For details of coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB cochannel CLI handling, at least followings can be studied. 
· DL resource blanking including time/frequency resource at aggressor gNB
· UL resource restriction including time/frequency resources among gNBs
· Co-ordination of TDD UL/DL patterns
FFS: configuration information to the UE for the DL resource blanking and UL resource restriction to the UE

	Lenovo
	We are fine with the proposal. 

	Sony
	@LG:
Thanks for the clarification.  This proposal means that:

1) Aggressor gNB promises to blank some future DL resources.
Using your diagram, when an UL URLLC arrives, Cell 1 in the 3rd slot or the 4th slot, it cannot schedule it in the 4th slot because it has promised to blank the UL subband.  How would this work in reality?

I would have thought that the gNB exchanges scheduling information among each other and it is always a best effort to try to avoid interfering each other.  It would make more sense if Cell 1 can tell Cell 2 that it has a URLLC transmission in the 4th slot and Cell 2 would try not perform DL transmission in its 4th Slot.

As E/// suggested, there are some real scheduling information that can be exchanged, e.g. TDD pattern, SBFD pattern, FDRA, TDRA but this proposal eliminated this possibility and resort to only a single method, i.e. “Cell 1 promising Cell 2 it would not use an UL/DL subband in an arbitrary future slot.  Out of so many information exchange that can be considered, I don’t think this is the best and only one.

So I have to sustain my objection.


	Huawei, HiSilicon
	We are fine to study these aspects further. 

On the second bullet, we believe the intention is to minimize the UL performance loss which suffers from strong gNB-gNB CLI by using a lower MCS or blanking the UL resources completely. 

On the FFS bullet, it is not clear why there should be any configuration information to the UE for the DL resource blanking or UL resource restriction to the UE. The UE only follows the gNB scheduling, we are not sure why any additional configuration is needed for the UE. We suggest to remove it.

In addition, the potential benefit of coordinated scheduling will be highly dependent on how the scheduler decisions are exchanged and how frequent the scheduler decisions can be exchanged due to the potential restriction of backhaul capacity and latency. The overhead and latency of the information exchange should be studied.

Besides, we believe coordinated scheduling is more suitable for low load case and it is challenging for medium to high load case. In the low load case, the resources are not fully occupied so that there is some room to schedule the UL and DL in orthogonal time/frequency resources so that strong gNB-gNB CLI can be avoided. However, it is challenging to coordinate the time/frequency resources when the most of the resources are occupied in medium/high load case. Therefore, the impact of traffic load should also be studied.

For details of coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB CLI handling, at least followings can be studied. 
· DL resource blanking including time/frequency resource at aggressor gNB
· UL resource restriction/blanking including time/frequency resources among gNBs
· Overhead and latency of the relevant information exchange 
· Potential impact of traffic load
· FFS: configuration information to the UE for the DL resource blanking and UL resource restriction to the UE


	Moderator2
	Intended TDD UL-DL configuration specified in Rel-16 seems to be studied for enhancement if necessary.
The terminology of ‘UL resource restriction’ is used as a meaning that the resource(s) is intended to be used for UL.
Other details including exchange of dynamic scheduling information (e.g., TDRA, FDRA, MCS, … ), potential impact of traffic load and so on are not precluded for study.

Please check whether modification in ‘Moderator Proposal #1-7-2’ is fine or not




2.4.3 [Open] Spatial domain coordination method for gNB-to-gNB CLI handling
Moderator Proposal #1-8-2
For details of spatial domain coordination method for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· Recommended/restricted Beam pairings between gNBs
· Beam nulling between gNBs
· Other schemes are not precluded. 

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	Samsung, NEC, Sony, DOCOMO, QC, Lenovo, Intel (including the additional points suggested by QC), InterDigital, LG

	Not support
	Ericsson (will support if proposal is significantly simplified – see suggestion below)




	Companies
	Views

	Samsung
	We recommend porting the existing Rel-17 eIAB desired/prohibited beam indication mechanism to Xn/F1AP.

	Nokia, NSB
	Aggressor DL precoding matrix adaptation to account for the generated CLI should also be included as part of the spatial domain enhancements. 

For details of spatial domain coordination method for gNB-to-gNB CLI handling, followings can be studied. 
· DL precoding matrix enhancements at the aggressor gNB
· Avoiding of high-interference beam from aggressor gNB
· Beam pairing between gNBs

	CATT
	Prefer to add ‘at least the following’. For example, for spatial domain coordination, beam based CLI measurement , beam information exchanged is also required to be sutided.

	QC
	We support spatial domain coordination. We also share the same view with Samsung that leveraging the existing Rel-17 eIAB desired/prohibited beam indication mechanism to Xn/F1AP, which could a beneficial solution for inter-gNB CLI reduction.
Suggested edits:
· Avoiding of high-interference beam / identify compatible beam from aggressor gNB
· Beam pairing between gNBs
· Beamforming/nulling between gNBs
· Identify recommended/restricted beam

	ZTE
	We are also supportive to add the two bullets added by Qualcomm.

	InterDigital
	Support the proposal considering the version from Qualcomm.

	Moderator
	Please check whether modification in ‘Moderator Proposal #1-8-1’ is fine or not

	QC
	Thanks Moderator, for the update.
We support the update in principle:
“Recommended/restricted beam” and “desired/prohibited beam” are the same thing. We use the wording from Rel-17 IAB spec and we delete one of them to avoid duplication. Some edits:
· FFS desired/prohibited recommended/restricted beam indication mechanism
· FFS Avoiding of Identify compatible beam from aggressor gNB
· FFS DL precoding matrix enhancements at the aggressor gNB
· FFS beam based CLI measurement, exchange of beam information
· FFS Beamforming/nulling between gNBs
· FFS Identify recommended/restricted beam

	LG
	Although it is for the further discussion regarding details of spatial domain coordination, our preference is focusing on desired/prohibited beam indication of Rel-17 eIAB, which is aligned to Samsung.
Since we understand different preferences from companies lead all of the FFSs below, it is fine for us to leave all FFSs.

	Ericsson
	We believe the proposal needs simplification – there are too many examples. Some overlap, and some are unclear. Furthermore, we already have the agreement from last meeting on "relevant information exchange" hence that does not need to be repeated here. Also, companies are free to study spatial techniques and then report what they use.

Also the word co-channel is missing

Suggest the following simplification which seems to capture the essence of many of the examples, and avoids overlap. 

Modified Proposal
For details of spatial domain coordination method for gNB-to-gNB cochannel CLI handling, at least followings can be studied. 
· Recommended/restricted beam pairings between gNBs
· Beam nulling between gNBs

	Lenovo
	We also think there are some overlaps. Simplification is needed. Besides, since the main proposal says “can be studied”, there is no need to put an “FFS” in each item. 

	Huawei, HiSilicon
	We think many of the subbullets are overlapping with each other. We are fine with the revision from Ericsson.

	Moderator
	Thanks for good comment and suggestion.
Moderator Proposal#1-8-1 seems to be simplified. 

Please check whether modification in ‘Moderator Proposal #1-8-2’ is fine or not




2.4.4 [Open] Advanced receiver 
Moderator Proposal for conclusion #1-1-2 
· Using advanced receiver Enhanced IRC receiver for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD can be assumed considered for performance evaluation under AI 9.3.1. 

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	Samsung, NEC, Nokia, NSB, New H3C, Xiaomi, CEWiT, Lenovo, LG

	Not support
	CATT, Intel, InterDigital, Ericsson




	Companies
	Views

	Moderator
	Using a receiver with interference rejection/cancelation capability seems a good method for reducing gNB-to-gNB CLI. But, defining and/or introducing specific receiver for CLI handling is not desirable way for discussion. Also, from the 1st round discussion, it seems most of companies are thinking using advance receiver for CLI handling is up to gNB implementation.  

For performance evaluation, companies can assume to use ‘advanced receiver’ for reducing gNB-to-gNB CLI. In this sense, FL suggests Moderator Proposal #1-1-1.
I think it can be a middle ground. 

	Sony
	I suggest that this is moved to 9.3.1 under evaluations.

	Nokia, NSB
	Thanks FL for finding a middle ground and take into account our comments. We can be supportive for making progress.

	CATT
	Not sure why we need to continue to discuss this given the result of first round of discussion

	QC
	Not sure if we need this as an agreement. Based on 1st round discussion, I think Moderator has a related proposal on “the benefit of uplink resources muting can be studied further” and we support it. Companies could submit simulation results (e.g. under 9.3.1) which is also stated in the same proposal that “encouraged to provide evaluation result for comparison of performance between two cases when uplink resource muting for gNB-to-gNB co-channel CLI measurement is applied or not”.

	ZTE
	Similar view as Qualcomm. We don’t see the need to have such proposal anyway it is up to companies to select the simulation assumptions.

	Intel
	Same view as CATT and others – we do not see the need for this proposal. Companies are free to evaluate performance with advanced receivers as optional choices. 

	InterDigital
	We don’t think this needs to be considered as an agreement.

	Moderator
	Companies can provide evaluation result based on their own assumption as usual. 
The evaluation result can be submitted under 9.3.1, and the performance can be discussed under that AI.

The intention of above proposal is to make a conclusion for providing an information for our discussion. 
In this sense, in accordance with above conclusion (if agreed), no discussion for gNB-side advanced receiver based method for gNB-to-gNB CLI handling can be expected in A.I 9.3.3.

	Sony
	@Moderator:
I think it will be good to make it clear that the intention of the proposal is to encourage proponents of Advanced Receivers to include them in their evaluation in AI 9.3.1.   Suggested modification:


Using aAdvanced receiver can be considered for performance evaluation under AI 9.3.1, for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD can be assumed for performance evaluation. 



	Intel2
	Can accept the version from SONY.

	LG
	Thanks to the FL for the clarification. This proposal is not mandating anything, we think it can be a good start point for further discussion.

	Ericsson
	We do not agree to making this conclusion. In fact, it is quite meaningless. It is impossible to define "advanced receiver" if one doesn't define a baseline first, and even that will be difficult because of varying implementations. And then what does "advanced mean?" That also will be difficult to define.

For all of the CLI mitigation approaches that we will study in this SI, companies should report what assumptions they used, and that can include details on the receiver that was assumed. For this reason, there is no need to make the above conclusion.

	Huawei, HiSiicon
	@ FL (2nd round)
We appreciate the effort from the FL to find the middle ground. However, there may be no need to state that a certain gNB-gNB CLI handling scheme can be evaluated. We believe each of the candidate scheme deserves a good technical discussion and should be properly evaluated, especially in this SI where gNB-gNB CLI is one of the major challenges. 

Reading through the comments from multiple companies, we would like to have some further replies to the comments from both the first round and the second round.

@Ericsson (2nd round)
We understand the terminology of “advanced receiver” may not be perfect since it seems to imply some improvement to a basic receiver. What we have in mind is interference rejection combing receivers which are quite common in the state-of-art gNB implementations. We believe there is a fairly good understanding how MMSE-IRC receivers is implemented in both RAN1 and RAN4 and there is also performance requirement in RAN4. Hence we propose to use “enhanced IRC receivers” if other companies are also okay. 

@Samsung (1st round), ZTE (1st round)
There is no doubt that IRC receiver implementations will NOT be specified and so are scheduler implementations in coordinated scheduling and precoder calculation details in spatial domain coordination. However, receiver is a one of the key factors for SBFD because of the inter-subband interference and also for flexible duplex. As we mentioned in the first round, what can to be discussed is how to enable the gNB-gNB CLI handling scheme such as measurement resources and procedures to facilitate the CLI handling scheme. In case of enhanced IRC receivers, we can have some discussion on how to improve the channel estimation and how to improve the interreference covariance matrix estimation so that the impact of gNB-gNB CLI can be mitigated or suppressed.  

@ QC (2nd round)
We agree that the UL muting is included in the previous proposals and companies can study how to make use of the muting resources. We support the proposal. We believe that UL muting resource can be a good solution to improve the receiver performance in case of heavy cross link interference especially due to the fact that the gNB-gNB interference in case of SBFD is due to nonlinear leakage which can hardly be handled by coordinated scheduling, digital beamforming etc. 


@All 
We would like to highlight that the enhanced IRC receivers aim for gNB-gNB CLI suppression by exploring the spatial domain which is actually very promising as also pointed out by Samsung since the macro base station is usually equipped with a large number of antennas. Compared to coordinated scheduling, it is less sensitive to traffic load. If SBFD or flexible duplex is proved to be only feasible at low DL traffic load scenarios, it will be very unfortunate for the SI. Both SBFD and flexible should be workable in a relatively higher load scenario. The receiver is very important in a reasonable higher traffic load. This is the reason why we should keep an eye on the receiver, and solutions should be studied to improve the performance of the receiver.

Therefore, we propose the following and sincerely hope that the companies can be open-minded to look into this as well

· Study the feasibility and potential benefits of enhanced IRC receivers for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.
FFS detailed specification impact

	Moderator 2
	Please check whether modification in ‘Moderator Proposal for conclusion #1-1-2’ is fine or not




2.4.5 [Hold] UE and gNB transmission and reception timing 
Moderator Proposal #1-2
· Study the feasibility and potential benefits of UE and gNB transmission and reception timing for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Timing adjustment/synchronization details
· Relevant information exchange
 
Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, Xiaomi, QC, New H3C, Intel, CMCC, vivo, NEC, TCL, Nokia, NSB, Lenovo(see comment), Samsung, InterDigital

	Not support
	Ericsson, OPPO (if targeting solution non-transparent to UE), Huawei, HiSilicon, LG (propose to study of UE reception and/or transmission timing (i.e., the victim gNB reception timing adjustment and/or aggressor gNB transmission timing adjustment) under gNB-to-gNB co-channel CLI measurement.), Sony




	Companies
	Views

	Moderator
	Continue to discuss in 3rd round discussion




2.4.6 [Hold] Power control based solution 
Moderator Proposal #1-3
· Study the feasibility and potential benefits of power domain solution for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of gNB Tx power adjustment
· Details of UE Tx power control 
· Relevant information exchange
 
Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, Xiaomi, QC, CATT, New H3C, Intel, CMCC, vivo, NEC, LG, TCL, Nokia, NSB, Sony, Lenovo, Samsung, InterDigital

	Not support
	Ericsson, OPPO (concerning the 2nd subbullet) , Spreadtrum




	Companies
	Views

	Moderator
	Continue to discuss in 3rd round discussion




2.4.7 [Close] Potential enhancements to Rel-16 RIM
In GTW session on Tuesday (10/11), following was concluded.
	Conclusion
No further discussion for potential enhancement to Rel-16 RIM for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.



2.4.8 [Close] Sensing based mechanism
In GTW session on Tuesday (10/11), following was concluded.
	Conclusion
No further discussion for sensing based mechanism for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.



3 UE-to-UE inter-cell co-channel interference
3.1 Submitted proposal
	Company
	Description

	Huawei, HiSilicon [2]
	1. CLI measurement and reporting
Observation 9: The existing L3 based UE-to-UE CLI measurement and report seems to be sufficient and L1 based solutions need to be justified in the study as well as other enhancement on UE-to-UE CLI measurement and reporting. 
· The configuration of measurement resources can be exchanged to enable the CLI measurement and the strength of the CLI (RSRP, RSSI) can be exchanged for CLI handling.
2. Coordinated Scheduling for time/frequency resources
Observation 10: L3 based UE-to-UE CLI measurement and reporting in current specification may be sufficient for coordinated scheduling. Information exchange between gNBs are needed for the semi-static and dynamic coordinated scheduling. 
Proposal 9: Study the information exchange for semi-static and dynamic coordinated scheduling.
· For semi-static coordinated scheduling, the configuration of the measurement resources should be exchanged for FR1 and FR2, and the CLI strength (RSRP, RSSI) should be exchanged for FR1, the CLI strength of each beam pair (RSRP, RSSI) and the preferred Tx beams for each receive beam at the victim UE are needed for FR2.
· For dynamic coordinated scheduling, the UE to be scheduled, the number of PRBs needed for the candidate scheduled UE should be additionally exchanged in FR1 and FR2, the preferred beams of the candidate scheduled UE should also be exchanged in FR2.
3. Spatial domain coordination method
Proposal 8: Study performance of beam coordination for UE-to-UE CLI suppression in FR2 and the solutions for UE-to-UE beam pairing.
· Configuration of the measurement resources, the CLI strength of each beam pair (RSRP, RSSI) and the preferred Tx beams for each receive beam at the victim UE can be exchanged for beam coordination.
4. Advanced Receiver
Proposal 7: Study the feasibility and performance of advanced receiver based UE-UE CLI handling schemes with lower priority.
5. UE and gNB transmission and reception timing
Observation 11: The current timing scheme for UE-to-UE CLI measurement may be sufficient.
6. Power control based solution
However, the reduced uplink transmission power may cause uplink performance degradation of the uplink UE due to gNB-to-gNB CLI. Furthermore, the current specification supports a very flexible power control mechanism. The further potential enhancement for power control based solution needs to be justified in the study. 
The further potential enhancement for power control based solution needs to be justified in the study. 
7. Sensing based mechanism
However, sensing based solution may cause spectrum efficiency degradation and complicate UE procedures. One should be careful to introduce sensing solutions in a license spectrum.

	ZTE [3]
	1. CLI measurement and reporting
Proposal 9: L1-based reporting for UE-to-UE CLI should be considered for Rel-18 dynamic/flexible TDD.
· The current CSI reporting mechanism can be reused.
· Aperiodic CLI reporting can be supported to reduce the reporting overhead and measurement effort.
· FFS: whether/how the L1 reporting and L3 reporting for the CLI co-exist with each other.
5. UE and gNB transmission and reception timing

[image: ]
Figure-6 Timing issue for measurement RS for UE-to-UE CLI
Observation 3: The UE is difficult to derive the reception timing accurately for UE-to-UE CLI measurement, especially in the typical deployment, e.g., HetNet, of Rel-18 dynamic/flexible TDD. 
Proposal 10: Timing alignment solution on measurement RS transmission for UE-to-UE CLI should be considered in Rel-18. 
6. Power control based solution
Proposal 11: The unified UL power control solution applied to both of gNB-to-gNB CLI and UE-to-UE CLI handling can be considered.


	Spreadtrum Communications [4]
	1. CLI measurement and reporting
Proposal 2: Layer-1 CLI report should be supported for UE-UE CLI management.
Proposal 3: CLI measurement resource configuration and beam information should be exchanged among gNBs.
3. Spatial domain coordination method
To enable spatial domain coordination, beam information, e.g. prefer/non-prefer beam, prefer/non-prefer beam pairs exchange is essential. 
5. UE and gNB transmission and reception timing

[image: ]
Figure 3 Unaligned timing between DL and SRS reception
Observation 3: The UE-to-UE CLI measurement cannot be performed accurately because of the timing issue of measurement RS.
Proposal 4: In UE-UE CLI measurement, the TA adjustment of aggressor UE should be studied.


	vivo [5]
	1. CLI measurement and reporting
Error: Reference source not found
· gNBs should exchange their cell or UE’s SRS configurations over the Xn/F1 interface.
· gNBs should exchange the victim UE’s CLI measurement results and associated CLI-RS resources in case the victim UE suffers stronger CLI.
Error: Reference source not found
· Support periodic, aperiodic L1-based CLI reporting.
· The CLI-RS resource configuration in Rel-16 can be re-used as baseline for L1-based CLI reference resource configuration.
· The CSI reporting framework can be re-used as baseline for L1-based CLI reporting.
· The beam information can be configured per CLI measurement resource.


	New H3C Technologies Co., Ltd. [6]
	1. CLI measurement and reporting
Proposal 6: The Rel16 SRS for UE-to-UE CLI measurement can be considered as the start point. The detailed SRS configuration and the CLI report configuration should be studied.


	OPPO [7]
	1. CLI measurement and reporting
Proposal 3: To support inter-UE CLI measurement, L1 based SRS-RSRP and CLI-RSSI measurement can be considered as a starting point:
· R16 configuration of SRS resources and CLI-RSSI resources can be reused;
· L1 inter-UE CLI measurement results can be reported as part of CSI reporting, and R15/16 CSI processing delay should be satisfied.

	CATT [8]
	1. CLI measurement and reporting
Proposal 1: Study L1 based measurement and reporting for UE-to-UE CLI in Rel-18.   

Proposal 2: Study R16 CLI-RSSI resource pattern and existing UL reference signal pattern as a starting point for UE-to-UE CLI measurement. 
Proposal 3: Consider DL rate matching around UE-to-UE CLI measurement resource for improving UE-to-UE CLI measurement accuracy.
Proposal 4: For the study of CLI reporting schemes, CSI/CQI like mechanism can be used as a starting point. 
Proposal 5: Study L1 based aperiodic measurement and reporting for UE-to-UE CLI.

	InterDigital [9]
	Proposal 1. Prioritize study on following topics in UE-to-UE CLI mitigation:
· Potential enhancements to UE-to-UE CLI measurement/reporting, 
· Including L1 measurement/ reporting,
· Spatial domain enhancements, 
· UE and gNB transmission and reception timing alignments,
· Power-control-based solutions,
· Sensing based mechanisms.

1. CLI measurement and reporting
Alternatively, the CLI estimation can be based on identifying potential victim UEs and potential aggressor UEs. The reference signals (e.g., SRS-RSRP, NZP-CSI-RS, DM-RS, etc.) transmitted from potential aggressor UEs can be used at the victim UE to estimate CLI accurately. As such, the UE can respond to dynamic changes in CLI (e.g., due to the dynamic changes in configuration of aggressor UEs) with efficient CLI mitigation techniques. 
Observation 1. CLI estimation and reporting at a potential victim UE based on distinguishing aggressor UEs can be used for enhancing CLI mitigation at the UE and further optimal scheduling at the gNB. 
Proposal 2. Consider supporting means of CLI measurement and reporting at the potential victim UE that includes distinguishing aggressor UEs.

Observation 2. Layer 1 UE-to-UE CLI measurement and reporting could be used for performance enhancement by improving interference measurement accuracy and reducing the reporting overhead, respectively.
Proposal 3. Consider supporting Layer-1 UE-to-UE CLI measurement and reporting. 
2. Coordinated Scheduling for time/frequency resources
Observation 8. Coordinated scheduling techniques for UE-to-UE interference avoidance in TDD operation may result in interference over-estimation, without having specific estimation of interference from a source interferer, followed by suboptimal system performance.
3. Spatial domain coordination method
Observation 3. Joint beam management between victim UE and gNB taking into account beams from aggressor UE can be beneficial in dynamic beam selection for UE-to-UE Co-channel CLI mitigation.
Proposal 4. Consider enhancements in joint beam management between gNB, victim UE, and aggressor UE for optimal beam selection or beam avoidance at the victim UE or aggressor UE, respectively. 
· Consider the victim UE reporting beams or panels that are preferred, as well as the ones that are not preferred.  
5. UE and gNB transmission and reception timing
Observation 4. UE and gNB timing alignment could be effective in performance enhancement for UE-to-UE CLI measurement and accuracy.
Proposal 5. Study timing alignment issues including subband non-overlapping full duplex scenarios. 
6. Power control based solution
Observation 5. Dynamic UL power control mechanisms based on some dynamic factors such as the frequency gap, beam/spatial-domain parameter, or a priority indication on the UL could be used in performance enhancement for UE-to-UE CLI mitigation. 
Observation 6. Dynamic DL power backoff/control mechanisms at gNB could be used to deal with self-interference caused by the FD operation at the gNB, where such mechanism could impact UE behaviours including CSI-RS measurements depending on the amount of the power backoff.
Proposal 6. Study power-control based mechanisms for UE-to-UE CLI mitigation and issues related to gNB’s transmission power backoff/adjustment.
7. Sensing based mechanism
Observation 7. Sensing based techniques based on potential victim UE for sensing the potential existence of CLI before being granted for DL transmission could be used to enhance the UE-to-UE interference mitigation.
Proposal 7. Study an event-based CLI sensing behavior at the victim UE side, where the event can at least include a case when the victim UE detects a PDSCH reception failure, which can initiate a CLI measurement/reporting behavior. 
8. Others
Observation 9. Simulation results indicate that flexible duplex without any cross-link interference handling across adjacent cells results in degraded DL and UL performance for the Indoor office scenario. The impact seen on both mean UPT as well as on cell-edge user is significant. 
Proposal 8. Study cross link interference management schemes for flexible duplex. 

Observation 10. A beam failure instance due to CLI may occur even when the signal received from gNB is not physically blocked, where the degradation in the DL radio link is mainly due to the interference from an aggressor UE.
Proposal 9. Study enhancements in beam failure detection and recovery, in case the beam failure is caused by UE-to-UE CLI. 
· Consider panel switching mechanism as part of beam failure recovery procedure due to the nature of the UE-to-UE CLI. 

	Intel [10]
	1. CLI measurement and reporting
In NR Rel-16, L3 CLI measurement and reporting at UE were specified, which mainly focused on long-term statistic of interference. To capture short-term interference characteristic, L1 CLI measurement and reporting at UE can be considered for potential enhancement on dynamic TDD operation. This may be more desirable, especially when considering beam oriented system, e.g., in FR2, where more dynamic channel and interference conditions are expected.
Higher user packet throughput can be achieved by fast measurement and report and link adaptation in dynamic TDD system. The dynamic CLI report can help handle the instantaneous interference conditions for intra-cell scenario, which allows gNB to make appropriate scheduling and link adaptation decision in a timely manner.
[image: ]
[bookmark: _Ref101180412]Figure 4. L1 CLI measurement and reporting at UE
Proposal 6
· For UE-to-UE CLI mitigation, study L1 UE-to-UE CLI measurement and reporting schemes:
· Measurements based on scheduled UL transmissions (SRS, PUSCH, etc.) from an aggressor UE
· SRS and/or PUSCH (DMRS) as CLI-RS as starting point
· Reporting metrics may be RSRP-, RSSI-, or CQI-like
· Measurement and reporting periodicity: may be periodic, semi-persistent, or aperiodic
· Coordination between gNBs to configure appropriate measurement resources, etc.

2. Coordinated Scheduling for time/frequency resources
Proposal 7
· For UE-to-UE CLI mitigation, study coordinated scheduling schemes focusing on:
· Inter-gNB information exchange on user selection;
· Inter-gNB information exchange on DL/UL resource blanking/reservation/muting
· Inter-gNB information exchange on scheduled PRBs, subbands, etc.
· Assistance information between UE and gNB to facilitate coordinated scheduling.

3. Spatial domain coordination method
Proposal 8
· For UE-to-UE CLI mitigation, study spatial domain coordination schemes focusing on:
· Inter-gNB information exchange on use of or intended Tx beams;
· Inter-gNB information exchange on preferred/not-preferred Tx beams;
· Methods for identification of Tx beams.
5. UE and gNB transmission and reception timing
For Rel-16, the impact due to this misalignment may have been acceptable as the measurements pertained to L3 filtered measurements and thus, somewhat more robust to reception window timing errors. However, if L1 UE-to-UE CLI measurements are to be introduced, it would be required to ensure that the victim UE can align its reception window appropriately for appropriate measurements of the cross-link channel.
Proposal 10
· For UE-to-UE CLI mitigation, study timing synchronization assistance information exchange between gNBs to enable improved estimation of timing offsets between neighboring gNBs and potential assistance information from a serving gNB to a UE for adjustment of reception time window for CLI measurements. 
6. Power control based solution
Proposal 9
· For UE-to-UE CLI mitigation, study potential power control enhancements to enable dynamic UL power reduction to minimize interference at a victim UE in another cell.
· Consider a common UL PC framework to address the above, and as a starting point, the UL PC enhancements specified for inter-UE prioritization as part of Rel-16 URLLC/IIoT.


	Ericsson [12]
	1. CLI measurement and reporting
As is well known, enhancements were made in Rel-16, to enable reporting of CLI-RSSI based on CLI measurement resources. If configured, this allows the gNB to learn if a particular UE is suffering from UE-UE CLI, even if it does not occur often. This knowledge can be taken into account in future scheduling decisions for such a UE. We note that the Rel-16 CLI reporting mechanism is based on Layer 3 reports, which have inherent latency. Hence, the gNB may not obtain very up-to-date information from the UE compared to the time scale of traffic arrivals and scheduling.
One approach that has been mentioned by several companies in this study item is to introduce L1 or L2 reporting of CLI-RSSI, similar to L1 reporting of RSRP introduced in Rel-15 to support beam management. While this can be faster than L3 reporting, we note that such reporting still has built-in latencies considering UE capabilities on CSI processing delay which can be quite long. Nonetheless, it could be worthwhile to study whether or not L1 CLI-RSSI reporting could bring some benefits to solve targeted CLI issues if there are UEs in bad CLI situations. In such a study, it would be important to model the CSI processing latency realistically in order to draw a proper benefit assessment. 
Proposal 2	  Under the umbrella of "UE-to-UE co-channel CLI measurement and reporting," study whether or not L1 CLI-RSSI reporting can provide benefits for particular UEs that may suffer from UE-UE CLI. UE processing delays should be properly taken into account.

	Lenovo [13]
	1. CLI measurement and reporting
Proposal 10: Study to introduce coordination of SRS configurations for SRS-RSRP measurement.
Proposal 11: For the UE-to-UE inter-cell co-channel and inter-subband CLI measurement, common schemes on coordination of SRS configurations and intended TDD DL-UL configurations should be studied.
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Figure 4 Exemplary received signal power for different Rx beams of different Rx antenna panels
Observation 1: Observed interference level may vary significantly depending on Rx beams and Rx antenna panels.
[bookmark: _Hlk115355194][bookmark: _Hlk115355181]Proposal 12: Support spatially differentiated CLI measurement and reporting. 

In commercial network with UE mobility, more dynamic interference measurement and reporting might be useful. 
[bookmark: _Hlk115355185]Proposal 13: Study more dynamic interference measurement and reporting for inter-UE CLI mitigation.

	Xiaomi [14]
	1. CLI measurement and reporting
Proposal 4: Potential enhancements to UE-to-UE CLI measurement/reporting such as dynamic UE CLI measurement and reporting should be prioritized in the study.

	CMCC [15]
	1. CLI measurement and reporting
Proposal 2: For inter-UE intra-subband CLI measurement and reporting, support L1/L2 CLI measurement and report to better reflect the interference variation.
Proposal 2: For coordinated scheduling for inter-UE intra-subband CLI handling, support to enhance the backhaul signaling to exchange necessary information, e.g., CLI SRS configuration or RSSI resource configuration.


	NEC [16]
	1. CLI measurement and reporting
Proposal 8: L1 layer based UE-to-UE CLI measurement reporting should be supported.
Proposal 9: The configuration information for UE-to-UE CLI measurement should include a list of TCI states for CLI beam measurement.
Proposal 10: The report configuration/indication information for UE-to-UE CLI should include K (K>=1) TCI states with highest L1-SRS-RSRP or L1-SINR or L1-CLI-RSSI.
Proposal 11: Unified design for CLI RS for gNB-to-gNB and UE-to-UE measurement should be considered to reduce the RS overhead.

7. Sensing based mechanism
Proposal 12: Sensing based scheme including sensing the energy and signal can be studied to avoid the CLI

	Samsung [18]
	1. CLI measurement and reporting
[image: Diagram
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Figure 2: UE-to-UE CLI scenarios for SBFD: aligned and unaligned cases
Proposal 4: UE-to-UE co-channel CLI measurement and reporting configurations should be enhanced to support aperiodic CLI reports
Proposal 5: UE-to-UE co-channel CLI measurement and reporting configurations should be enhanced to support associated spatial domain information
Proposal 6: Xn/F1AP signaling is extended to indicate configured periodic Rel-16 CLI measurement resource(s) in a cell for UE-to-UE CLI reporting in co-channel neighbor cells

5. UE and gNB transmission and reception timing
For example, the relative Rx timing difference observed by the victim UE actually becomes largest when the victim UE and UE are co-located (or at least very close) and can become zero even at non-zero distance between the victim UE and UE. Misalignment of the Tx and Rx symbol boundaries beyond the CP length occurs. When multiple aggressor UEs transmit in the UL, the Rx timing spread of the undesired interfering signals experienced by the DL victim UE is larger. 
Proposal 10: RAN1 to study and evaluate the benefits of enhancements to transmission and reception timing for SBFD and d/f-TDD

6. Power control based solution
It is desirable to separately set the allowed UE configured maximum output power for the normal UL slot and UL transmissions in the UL subband of the SBFD slots. 
Proposal 9: RAN1 to study and evaluate benefits of supporting per-slot configured maximum UE output power p-Max on the NR carrier 


	LG Electronics [20]
	
1. CLI measurement and reporting
Proposal 5: L1/L2 signaling based UE-to-UE CLI measurement/reporting should be discussed.

3. Spatial domain coordination method
Proposal 6: Consider assigning single or multiple TCI state ID to L1/L2 signaling based UE-to-UE CLI measurement/reporting.


	NTT DOCOMO, INC. [21]
	1. CLI measurement and reporting
Proposal 2: For the enhancement of UE-UE CLI handling for duplex enhancement, introduction of layer 1 based measurement and reporting should be considered.
2. Coordinated Scheduling for time/frequency resources

3. Spatial domain coordination method
[image: ]
Figure 2. Example of UE-UE CLI.
Proposal 1: Measurement resource and reporting configuration with spatial information, and configuration for multiple beam measurement should be considered.


4. Advanced Receiver

5. UE and gNB transmission and reception timing

6. Power control based solution

7. Sensing based mechanism

8. Others


	Qualcomm Incorporated [22]
	1. CLI measurement and reporting
Proposal 4: Support L1/L2 based inter-UE CLI measurement/reporting to increase flexibility and reduce reporting latency compared to Rel-16 L3 based framework.
Proposal 5: L1 CLI measurement and report framework supports the following features 
· Support L1-CLI report with P/SP/AP CLI resources and P/SP/AP/event triggered report types
· CLI resource can be configured similar to Rel-16 based on SRS or based on CSI-RS or CSI-IM.
Proposal 6: Support L2 CLI reporting with at least event triggered. Report can be sent on UL MAC-CE.
Proposal 7: L1 CLI measurement and report framework supports the following features 
· CLI measurement metrics can be RSSI, RSRP
· CLI measurement can be incorporated into other CSI report metrics as the interference part, e.g. SINR, CQI
· CLI measurement can be based on CSI-IM (with enhanced patterns), or dedicated CLI measurement resource
Separate or joint reporting of CSI and CLI
Proposal 8: RAN1 to study UE CLI processing timeline at least for separate CLI reporting starting with L1-CSI timeline as a baseline. 
· e.g. reuse AP CSI timeline as baseline with different value for timeline of L1-CLI.
Proposal 9: RAN1 to study L1-CLI report priority and multiplexing when reported as UCI. 

Proposal 10: In addition to most interfering CLI resources, UE can be configured to report top X least interfering CLI resources for CLI report. 
Proposal 11: Support subband-based CLI reporting to facilitate subband based scheduling for both SBFD and dynamic TDD in which CLI could be non-uniform across the DL RBs.

Proposal 12: Support to study OTA or backhaul information exchange between gNBs for inter-UE CLI mitigation at least for inter-CU/inter-vendor at least for intra-operator scenarios e.g. 
· UE-to-UE CLI measurement resource configuration and OTA reporting triggering criteria between gNBs including time/frequency resources and beam indication for inter-UE CLI measurements between gNBs
· UE-to-UE CLI reporting contents including CLI metric per CLI resource

Observation 9: UE-to-UE CLI measurement and reporting can be used for gNB scheduling UE in the cell and for gNB coordinated UE scheduling between gNBs.

2. Coordinated Scheduling for time/frequency resources
Proposal 13: Coordinated scheduling information for time/frequency resources and corresponding UE information can be exchanged via OTA or BH signalling for inter-UE CLI mitigation.

3. Spatial domain coordination method
Proposal
 14: Support UE Rx beam (QCL-D) configuration and indication per CLI measurement resource for enabling CLI-aware beam management.
Proposal 15: UE can dynamically report to the gNB a set of recommended beams, not preferred beams, or both.
· gNB configures multiple Rx (QCL-D) beams for UE to measure
Proposal 16: IAB framework can be extended to gNB SBFD/D-TDD for gNB to indicate restricted UE beam/panel.
Proposal 17: Inter-UE CLI can be mitigated by configuring slot-specific DL/UL spatial parameters, e.g. beam or precoding codebook 
· For SBFD, spatial parameters configured for SBFD slots can be different from those configured for HD slots
· For dynamic TDD, spatial parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.

Proposal 18: Support inter-CU/vendor coordination on exchanging scheduled data/control UE beams to mitigate inter-UE CLI.
Proposal 19: Support inter-CU/vendor coordination exchange information on number of required CLI resources, e.g. the total number could be # of measured Tx beams of UL UE multiply # of Rx beams of DL UE.

4. Advanced Receiver
In our view, we prefer no further study on advanced receiver, and it could be up to UE implementation and the performance gain is unclear without simulation results. 

Proposal 3: Support to study the candidate’s solution for inter-UE CLI other than “Advanced receiver” and “Sensing based mechanism”.

5. UE and gNB transmission and reception timing
Proposal 20: The CLI measurement UE can recommend TA adjustment for aggressor UE corresponding to a particular CLI resource transmission. 
Proposal 21: The CLI measurement UE can report Rx timing difference between UE DL arrival timing and CLI RS arrival timing to help align the timing at the DL UE for inter-UE CLI reduction.
Proposal 22:  Inter-UE CLI can be mitigated by configuring slot-specific TA.
· For SBFD, TA configured for SBFD slots can be different from those configured for HD slots.
· For dynamic TDD, TA configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.

6. Power control based solution
Proposal 23: CLI measurement UE can recommend UL power backoff for neighbor UL UE corresponding to a particular CLI resource.
Proposal 24: gNB may indicate UL power limit for certain interfering UE to ensure caused CLI is always under limit.
Proposal 25: CLI measurement UE can recommend DL power boost to cope with the CLI from neighbor UL UE corresponding to a particular CLI resource.
Proposal 26: Investigate UL UE autonomously adjust Tx power to limit inter-UE CLI caused to DL UE based on inter-UE pathloss measurement.
Proposal 27: Inter-UE CLI can be mitigated by configuring slot-specific power control parameters 
· For SBFD, power control parameters configured for SBFD slots can be different from those configured for HD slots
· For dynamic TDD, power control parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.

7. Sensing based mechanism
We also prefer no further study on sensing-based mechanism. Its potential benefit is not clear to us, considering the sensing complexity, accuracy, and possible delay.
Proposal 3: Support to study the candidate’s solution for inter-UE CLI other than “Advanced receiver” and “Sensing based mechanism”.

8. Others


	Nokia, Nokia Shanghai Bell [23]
	1. CLI measurement and reporting
Observation 7: SRS-RSRP based CLI measurements are preferred over RSSI measurements as they help on the aggressor UE(s) identification.
Proposal 8: Exchange of the SRS configuration between gNBs is needed to enable CLI-SRS measurements. 
Proposal 9: The UE-to-UE CLI framework to support L1/L2 measurements and reporting.

3. Spatial domain coordination method
Proposal 10: Study increased flexibility on the CLI measurements and reporting to support different Rx beams for UEs with beamforming capabilities.

5. UE and gNB transmission and reception timing
Proposal 11: Support the UE to report the applied timing offset on the CLI SRS-RSRP measurements to the serving gNB
Proposal 12: Study the benefits of the gNB controlling the time offset applied for the CLI SRS-RSRP measurements to compensate for the different TA configurations between UEs.

8. Others
Observation 8: Conducting RLM in CLI-slots can cause undesirable RLF problems, which can be characterized as false RLF events, and hence should be avoided.
Proposal 13: Further study means for the gNB to configure the UE with a time-domain mask that identifies at least two subsets of time domain resources (e.g., CLI and non-CLI slots/symbols), including options for the UE to either only perform RLM procedure on one subset of the time-domain resources or to perform separate RLM procedures on different subsets of the indicated time-domain mask.


	CEWiT [24]
	1. CLI measurement and reporting

[image: ]Fig. 1 Transmission and reception boundaries of SRS at aggressor and victim UEs with and without gNB synchronization error
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Fig. 2 Phase rotated SRS transmission
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Fig. 3 Comparison of error in SRS RSRP measurement for Rel. 16 SRS transmission and the proposed method
Observation 1: Factors like synchronization errors between gNB, smaller CP length in higher numerologies, higher propagation delay between the UEs causes the misalignment to go beyond CP duration while measuring the CLI on SRS as both the UEs are not time synchronized. 

Observation 2: CLI RSRP accuracy improves when measured on phase rotated SRS symbols repeated in time domain.
Proposal 1: Measurement resource enhancement for UE-to-UE CLI measurement is supported.

Observation 3:  CLI varies with dynamic scheduling in flexible TDD scenario.
Proposal 2: Mechanism for L1 reporting of CLI for UE-to-UE CLI management is supported.

Observation 4: Rel. 16 CLI management does not specify required SRS configuration parameters for CLI measurement to be shared across gNBs.
[image: ]Proposal 3: Sharing of Rel. 16 CLI management related SRS configuration parameters across gNBs is supported.
Fig. 4 Partially overlapping between BWPs of victim and aggressor UEs
Observation 5:  In case of partial overlap of BWPs, the victim UE receives only a part of the SRS transmitted by the aggressor UE for measurement of CLI RSRP leading to mismatch in how the SRS sequence is filled by the aggressor and how SRS sequence is interpreted by the victim. E.g., based on simulation analysis, a difference of 1RB between the 2 BWPs will result in an error of around 25 dB.
Proposal 4: A common reference point for CLI RSRP measurement is exchanged across gNBs.

Observation 6:  When aggressor and victim UE are operating at different numerology, discrepancy arises in the transmitted and received SRS numerologies  that will affect the accuracy of CLI RSRP measurement. 
Proposal 5: Numerology of transmission of SRS is exchanged across gNBs for CLI measurement.

3. Spatial domain coordination method
Observation 7: Transmit beamforming techniques will be helpful to manage CLI in a network.
Proposal 6: Assistance information about victim UE is provided by its serving gNB to the serving gNB of the aggressor UE to aid optimum transmit beamforming for CLI management.

[image: ]
Fig. 5 Transmit side beamforming to suppress CLI

4. Advanced Receiver
Advanced receivers like linear minimum mean square error- interference rejection combining (LMMSE-IRC) and  E-LMMSE-IRC are capable of suppressing interference. In case of  LMMSE-IRC, the interference covariance matrix is required at the receiver whereas for  E-LMMSE-IRC, interference channel of the dominant interference is required. To measure the interference channel at the UE, certain reference signal (RS) pattern is necessary. 
[image: ] 
Fig. 8 Performance comparison of using advanced receivers for interference suppression
 
Observation 8: Rate matching pattern corresponding to SRS is not available for DL.
Observation 9: CSI-IM pattern corresponding to SRS comb pattern will help in measuring the interference channel on SRS. 
Observation 10: Using estimated interference channel in advanced receivers improves interference suppression.
Proposal 7: Rate matching pattern corresponding to SRS in supported in DL.
Proposal 8: CSI-IM pattern corresponding to SRS pattern is supported. 



3.2 Summary
In RAN1#109-e meeting, candidates of potential enhancement method of UE-to-UE CLI handling were identified, and it was agreed that prioritization/down-scoping of candidate schemes for study can be done in the future meeting.
	Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of UE-to-UE CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· Potential enhancements to UE-to-UE CLI measurement/reporting
· Coordinated scheduling
· Spatial domain enhancements, 
· Advanced Receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for UE-to-UE CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancement specific for SBFD will be discussed in 9.3.2




In RAN1#110 meeting, following methods including CLI measurement/reporting, coordinated scheduling for time/frequency resources between gNBs and spatial domain coordination method were agreed for study of the feasibility and potential benefits of UE-to-UE inter-cell co-channel CLI handling:
	Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB

Agreement
Study the feasibility and potential benefits of coordinated scheduling for time/frequency resources between gNBs (if needed) for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of coordinated scheduling for time/frequency resources
· Relevant information exchange (if needed)

Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI handling based on spatial domain coordination method which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic /flexible TDD, at least includes:
· Details for spatial domain coordination by gNB
· Relevant information exchange (if needed)
Note1: Study can include method for FR1 and FR2




Similar with discussion for gNB-to-gNB inter-cell co-channel interference handling in previous section, remaining methods (i.e., Advanced Receiver, UE and gNB transmission and reception timing, Power control based solution, Sensing based mechanism) will be discussed with high priority in RAN1#110-bis-e meeting. Also, the other topics will be discussed with medium priority.

Following are a summary of companies input.
1. UE-to-UE co-channel CLI measurement and reporting for UE-to-UE co-channel CLI handling [Medium Priority for discussion]
1-1. Measurement resource configuration
Support: 
· New H3C (The detailed SRS configuration and the CLI report configuration should be studied.)
· OPPO (L1 based SRS-RSRP and CLI-RSSI measurement, R16 configuration of SRS resources and CLI-RSSI resources can be reused)
· CATT (R16 CLI-RSSI resource pattern and existing UL reference signal pattern as a starting point. DL rate matching around UE-to-UE CLI measurement resource.)
· InterDigital (Supporting means of CLI measurement and reporting at the potential victim UE that includes distinguishing aggressor UEs. The reference signals (e..g, SRS-RSR, NZP-CSI-RS, DMRS, etc.))
· Intel (Measurements based on scheduled UL transmissions (SRS, PUSCH, etc.) from an aggressor UE, SRS and/or PUSCH (DMRS) as CLI-RS as starting point)
· NEC (The configuration information for UE-to-UE CLI measurement should include a list of TCI states for CLI beam measurement. Unified design for CLI RS for gNB-to-gNB and UE-to-UE measurement should be considered to reduce the RS overhead.)
· NOKIA (SRS-RSRP based CLI measurements are preferred over RSSI measurements as they help on the aggressor UE(s) identification)
· CEWiT (phase rotated SRS symbols repeated in time domain. Measurement resource enhancement for UE-to-UE CLI measurement is supported.)


1-2. Reporting details (including UE processing delay)
Type of measurement, Performance Metric
Support: 
· ZTE (L1-based reporting for UE-to-UE CLI should be considered for Rel-18 dynamic/flexible TDD.)
· Spreadtrum (issue on latency. Layer-1 CLI report should be supported.)
· vivo (Reduce reporting Latency. Support periodic, aperiodic L1-based CLI reporting. The CLI-RS resource configuration in Rel-16 can be re-used as baseline. The CSI reporting framework can be re-used as baseline. The beam information can be configured per CLI measurement resource.)
· OPPO (L1 based SRS-RSRP and CLI-RSSI measurement can be considered, L1 inter-UE CLI measurement results can be reported as part of CSI reporting, and R15/16 CSI processing delay should be satisfied.)
· CATT (CSI/CQI like mechanism can be used as a starting point. Study L1 based aperiodic measurement and reporting.)
· InterDigital (Supporting Layer-1 UE-to-UE CLI measurement and reporting for performance enhancement by improving interference measurement accuracy and reducing the reporting overhead, respectively.)
· Intel (Study L1 UE-to-UE CLI measurement and reporting schemes, Reporting metrics may be RSRP-, RSSI-, or CQI-like. Measurement and reporting periodicity: may be periodic, semi-persistent, or aperiodic)
· Ericsson (Study whether or not L1 CLI-RSSI reporting can provide benefits for particular UEs that may suffer from UE-UE CLI. UE processing delays should be properly taken into account.)
· Lenovo (Study more dynamic interference measurement and reporting for inter-UE CLI mitigation)
· Xiaomi (Potential enhancements to UE-to-UE CLI measurement/reporting such as dynamic UE CLI measurement and reporting should be prioritized)
· CMCC (Support L1/L2 CLI measurement and report to better reflect the interference variation.)
· NEC (L1 layer based UE-to-UE CLI measurement reporting should be supported. The report configuration/indication information for UE-to-UE CLI should include K (K>=1) TCI states with highest L1-SRS-RSRP or L1-SINR or L1-CLI-RSSI)
· Samsung (UE-to-UE co-channel CLI measurement and reporting configurations should be enhanced to support aperiodic CLI reports, UE-to-UE co-channel CLI measurement and reporting configurations should be enhanced to support associated spatial domain information)
· LG (L1/L2 signaling based UE-to-UE CLI measurement/reporting) 
· NTT DOCOMO (Introduction of layer 1 based measurement and reporting should be considered.)
· Qualcomm (Support L1/L2 based inter-UE CLI measurement/reporting to increase flexibility and reduce reporting latency compared to Rel-16 L3 based framework. Support L1-CLI report with P/SP/AP CLI resources and P/SP/AP/event triggered report types. Support L2 CLI reporting with at least event triggered. Report can be sent on UL MAC-CE. CLI measurement metrics can be RSSI, RSRP. CLI measurement can be incorporated into other CSI report metrics as the interference part, e.g. SINR, CQI. Separate or joint reporting of CSI and CLI. reuse AP CSI timeline as baseline. study L1-CLI report priority and multiplexing when reported as UCI.)
· NOKIA (The UE-to-UE CLI framework to support L1/L2 measurements and reporting.)
· CEWiT (CLI varies with dynamic scheduling in flexible TDD scenario. Mechanism for L1 reporting of CLI for UE-to-UE CLI management is supported.)
Not support/Deprioritize:
· Huawei (The existing L3 based UE-to-UE CLI measurement and report seems to be sufficient and L1 based solutions need to be justified in the study)

Others
Support: 
· Lenovo (Support spatially differentiated CLI measurement and reporting.)


1-3. Relevant information exchange (between gNBs) if needed 
Support: 
· Huawei (The configuration of measurement resources can be exchanged to enable the CLI measurement and the strength of the CLI (RSRP, RSSI) can be exchanged for CLI handling.)
· Spreadtrum (CLI measurement resource configuration and beam information)
· vivo (exchange their cell or UE’s SRS configurations, exchange the victim UE’s CLI measurement results and associated CLI-RS resources)
· CMCC (Support to enhance the backhaul signaling to exchange necessary information, e.g., CLI SRS configuration or RSSI resource configuration.)
· Samsung (Xn/F1AP signaling is extended to indicate configured periodic Rel-16 CLI measurement resource(s))
· Qualcomm (study OTA or backhaul information exchange between gNBs for inter-UE CLI mitigation.) 
· NOKIA (Exchange of the SRS configuration between gNBs is needed to enable CLI-SRS measurements.)
· CEWiT (Sharing of Rel-16 CLI management related SRS configuration parameters across gNBs. A common reference point for CLI RSRP measurement is exchanged across gNBs. Numerology of transmission of SRS is exchanged across gNBs for CLI measurement.)

1-4. Usage of measurement at gNB 
Support: 
· Qualcomm (UE-to-UE CLI measurement and reporting can be used for gNB scheduling UE in the cell and for gNB coordinated UE scheduling between gNBs.)


2. Coordinated scheduling for time/frequency resources between gNBs (if needed) for UE-to-UE co-channel CLI handling [Medium Priority for discussion]
2-1. Details of coordinated scheduling for time/frequency resources 
Support: 
· Huawei (semi-static coordinated scheduling, dynamic coordinated scheduling)

2-2. Relevant information exchange (if needed) 
Support: 
· Huawei (For semi-static coordinated scheduling, the configuration of the measurement resources should be exchanged for FR1 and FR2, and the CLI strength (RSRP, RSSI) should be exchanged for FR1, the CLI strength of each beam pair (RSRP, RSSI) and the preferred Tx beams for each receive beam at the victim UE are needed for FR2. For dynamic coordinated scheduling, the UE to be scheduled, the number of PRBs needed for the candidate scheduled UE should be additionally exchanged in FR1 and FR2, the preferred beams of the candidate scheduled UE should also be exchanged in FR2.)
· Intel (User selection information, DL/UL resource blanking/reservation/muting, scheduled PRBs, subbands)
· Qulacomm (Coordinated scheduling information for time/frequency resources and corresponding UE information can be exchanged via OTA or BH signalling for inter-UE CLI mitigation.)
· Sony (The L1 priority of scheduled transmission can be exchanged OTA for gNBs to decide whether to cancel or transmit a scheduled DL or UL transmission)


3. Spatial domain coordination method for UE-to-UE co-channel CLI handling [Medium Priority for discussion]
3-1. Details for spatial domain coordination by gNB 
Support: 
· Huawei (Study performance of beam coordination for UE-to-UE CLI suppression in FR2 and the solutions for UE-to-UE beam pairing.)
· Spreadtrum (Beam information e.g. prefer/non-prefer beam, prefer/non-prefer beam pairs exchange)
· InterDigital (Enhancements in joint beam management between gNB, victim UE, and aggressor UE for optimal beam selection or beam avoidance at the victim UE or aggressor UE, respectively.)
· Intel (methods for identification of Tx beams)
· LG (Consider assigning single or multiple TCI state ID to L1/L2 signaling based UE-to-UE CLI measurement/reporting)
· NTT DOCOMO (Measurement resource and reporting configuration with spatial information, and configuration for multiple beam measurement)
· Qualcomm (Support UE Rx beam (QCL-D) configuration and indication per CLI measurement resource. UE can dynamically report to the gNB a set of recommended beams, not preferred beams, or both. Inter-UE CLI can be mitigated by configuring slot-specific DL/UL spatial parameters, e.g. beam or precoding codebook)
· NOKIA (Study increased flexibility on the CLI measurements and reporting to support different Rx beams for UEs with beamforming capabilities.)
· CEWiT (Transmit beamforming techniques will be helpful to manage CLI in a network)

3-2. Relevant information exchange (if needed) 
Support: 
· Huawei (Configuration of the measurement resources, the CLI strength of each beam pair (RSRP, RSSI) and the preferred Tx beams for each receive beam at the vic-tim UE can be exchanged for beam coordination.)
· Intel (Intended TX beams, preferred/not-preferred Tx beams)
· Qualcomm (Support inter-CU/vendor coordination on exchanging scheduled data/control UE beams to mitigate inter-UE CLI. Support inter-CU/vendor coordination exchange information on number of required CLI resources, e.g. the total number could be # of measured Tx beams of UL UE multiply # of Rx beams of DL UE.)
· CEWiT (Assistance information about victim UE is provided by its serving gNB to the serving gNB of the aggressor UE to aid optimum transmit beamforming for CLI management.)


4. Advanced Receiver [High Priority for discussion in RAN1#110-bis-e meeting]
Whether study is necessary or not
Support: 
· CEWiT (In case of  LMMSE-IRC, the interference covariance matrix is required at the receiver. Rate matching pattern corresponding to SRS in supported in DL. CSI-IM pattern corresponding to SRS pattern is supported. )

Not support/Deprioritize:
· Huawei (Lower priority)
· Qualcomm (Prefer no further study on advanced receiver, and it could be up to UE implementation and the performance gain is unclear without simulation results.)

5. UE and gNB transmission and reception timing [High Priority for discussion in RAN1#110-bis-e meeting]
Whether study is necessary or not
Support: 
· ZTE (The UE is difficult to derive the reception timing accurately. HetNet)
· Spreadtrum (The UE-to-UE CLI measurement cannot be performed accurately. The TA adjusting of aggressor UE)
· InterDigital (UE and gNB timing alignment could be effective in performance enhancement for UE-to-UE CLI measurement and accuracy. Study timing alignment issues including subband non-overlapping full duplex scenarios.)
· Intel (study timing synchronization assistance information exchange between gNBs to enable improved estimation of timing offsets between neighboring gNBs and potential assistance information from a serving gNB to a UE for adjustment of reception time window for CLI measurements.)
· Samsung (study and evaluate the benefits of enhancements to transmission and reception timing for SBFD and d/f-TDD)
· Qualcomm (The CLI measurement UE can recommend TA adjustment for aggressor UE corresponding to a particular CLI resource transmission. The CLI measurement UE can report Rx timing difference between UE DL arrival timing and CLI RS arrival timing to help align the timing at the DL UE for inter-UE CLI reduction. Inter-UE CLI can be mitigated by configuring slot-specific TA.)
· NOKIA (Support the UE to report the applied timing offset on the CLI SRS-RSRP measurements to the serving gNB. Study the benefits of the gNB controlling the time offset applied for the CLI SRS-RSRP measurements to compensate for the different TA configurations between UEs.)
Not support/Deprioritize:
· Huawei (The current timing scheme for UE-to-UE CLI measurement may be sufficient.)

6. Power control based solution [High Priority for discussion in RAN1#110-bis-e meeting]
Whether study is necessary or not
Support: 
· ZTE (The unified UL power control solution applied to both of gNB-to-gNB CLI and UE-to-UE CLI handling.)
· InterDigital (Study power-control based mechanisms for UE-to-UE CLI mitigation and issues related to gNB’s transmission power backoff/adjustment.)
· Intel (study potential power control enhancement to enable dynamic UL power reduction. Consider a common UL PC framework.)
· Samsung (supporting per-slot configured maximum UE output power p-Max on the NR carrier)
· Qualcomm (CLI measurement UE can recommend UL power backoff for neighbor UL UE corresponding to a particular CLI resource. gNB may indicate UL power limit for certain interfering UE to ensure caused CLI is always under limit. Investigate UL UE autonomously adjust Tx power to limit inter-UE CLI caused to DL UE based on inter-UE pathloss measurement. Inter-UE CLI can be mitigated by configuring slot-specific power control parameters.)
Not support/Deprioritize:
· Huawei (Current specification supports a very flexible power control mechanism)

7. Sensing based mechanism 
Whether study is necessary or not
Support: 
· InterDigital (Study an event-based CLI sensing behaviour at the victim UE side, where the event can at least include a case when the victim UE detects a PDSCH reception failure, which can initiate a CLI measurement/reporting behaviour.)
· NEC (Sensing based scheme including sensing the energy and signal can be studied to avoid the CLI)
· SONY (For sensing in SBFD or Flexible/Dynamic TDD, two sets of transmission parameters are indicated to the UE where the 1st set of transmission parameters is used if the UE passes the LBT and the 2nd set of transmission parameters is used if the UE fails the LBT.)


Not support/Deprioritize:
· Huawei (Sensing based solution may cause spectrum efficiency degradation and complicate UE procedures.)
· Qualcomm (Its potential benefit is not clear, considering the sensing complexity, accuracy, and possible delay.)


3.3 1st Round Discussion
3.3.1 [Hold] UE-to-UE co-channel CLI measurement and reporting for UE-to-UE co-channel CLI handling

3.3.2 [Hold] Coordinated scheduling for time/frequency resources between gNBs (if needed) for UE-to-UE co-channel CLI handling 

3.3.3 [Hold] Spatial domain coordination method for UE-to-UE co-channel CLI handling 

3.3.4 [Open] Advanced Receiver
Moderator Proposal for conclusion #2-1 
· No further discussion for advanced receiver for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.


Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, Xiaomi, Ericsson, OPPO,Spreadtrum, CATT, Intel, CMCC, DOCOMO, vivo, NEC, LG, TCL, Sony, InterDigital

	Not support
	Huawei, HiSilicon, Nokia, NSB, Samsung




	Companies
	Views

	ZTE
	Similar comments as we have in section 2.3.4.

	QC
	Advanced receiver could be up to UE implementation. Should clarify spec impact. 
In addition, Rel-18 RAN4 is looking at UE advanced receiver and it could be up to RAN4 discussion.

	Ericsson
	Similar comments as for Section 2.3.4

	CEWiT
	Even though advanced receivers is upto UE implementation, muting of resources needs to be discussed.

	Huawei, HiSilicon
	The performance of advanced receiver for UE-UE CLI handling at the UE might not be that promising as at the gNB since the number of receiving antennas of UE is small. Instead of no further discussion at all, we think advanced receiver at the UE side can be studied with lower priority.

	LG
	Support the proposal. In our view, it is up to UE implementation.

	Nokia, NSB
	We have the same comment as for Section 2.3.4, that in order to have a better view on the gains brought by CLI measurement/reporting, and advance receiver is needed. Note again that this is for studying.

	Sony
	Similar comment as 2.3.4.  The type of Advanced Receiver is up to UE implementation and the required info at the UE to perform CLI cancellation depends on what is being implemented.  Some of this info or mechanism may be covered in other topics, e.g. in measurements and coordinated scheduling.

	Lenovo
	Need to clarify the potential spec. impact for (which) advanced receiver.

	Samsung
	We see UE advanced receiver primarily through better RAN4 demodulation requirements. UE advanced receiver design can be transparent, signaling to/from UEs in support of adv. receivers is often prohibitively complex.

	
	




3.3.5 [Open] UE and gNB transmission and reception timing 
Moderator Suggestion #2-2
· Study the feasibility and potential benefits of ‘UE and gNB transmission and reception timing’ for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of timing alignment
· Relevant information exchange

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, QC, OPPO, Spreadtrum, CEWiT, CATT, New H3C, Intel, CMCC, NEC, TCL, Nokia, NSB, Sony (for SRS-RSRP measurement purpose), Samsung, InterDigital

	Not support
	Ericsson, LG (propose that study of UE reception and/or transmission timing (i.e., the victim UE reception timing adjustment and/or aggressor UE transmission timing adjustment) can be discussed under UE-to-UE co-channel CLI measurement.)




	Companies
	Views

	ZTE
	Two aspects can be considered, one is adjusting the UE Tx timing and another is adjusting the UE Rx timing. But this can be discussed in the next level.

	Ericsson
	Same comments as for Section 2.3.5: this proposal is very vague, and we can't agree.
What does "feasibility and benefits of timing" mean? There is always timing. What aspects of timing are proposed? First a problem needs to be identified, and then a focused proposal can be considered.

	New H3C
	Same as our view in 2.3.5

	Intel
	Timing alignment within CP is necessary for proper interference handling of signals from different cells.

For UE-to-UE CLI measurements, a victim UE is required to perform measurements on CLI resources that are used by an aggressor UE to transmit the CLI-RS, e.g., SRS. However, as an aggressor UE is expected to transmit using UL timing advance (TA) that is targeting its own serving cell, there can be cases when the propagation delay from the aggressor UE to its serving cell is very different to a victim UE in a neighboring cell. Consequently, for the victim UE the CLI resource may not be fully included within the receiver window if the latter is set according to the victim UE’s serving cell DL timing – CLI-RS may arrive at the victim UE “too early” or “too late” compared to the victim UE’s Rx window. This would impact the accuracy of the measurements for UE-to-UE CLI.

	CMCC
	There is only UE transmission/reception timing issue in UE-to-UE CLI

	Huawei, HiSilicon
	In the indoor deployment scenario, most of the delay or delay difference are within the cyclic prefix due to the cell radius is small. In the Macro deployment scenario, a larger constant offset value can be used to ensure that most of the delay or delay difference are within the cyclic prefix.
Besides, considering that DL victim UE receives CLI-RS from multiple aggressor UEs in the same time-frequency resources, it is quite difficult for the victim UE to align with multiple aggressor UE. Similarly, considering that multiple victim UEs receive CLI-RS from one aggressor UE, it is quite difficult for the aggressor UE to adjust the TA to align with multiple victim UEs.

	LG
	The main motivation of study of UE reception timing for UE-to-UE co-channel CLI handling is to enhance accuracy of SRS-RSRP measurement result. 
In Rel-16 CLI handling/RIM WI, it was decided that UE can derive timing offset value by implementation for performing measurement of SRS-RSRP from inter-cell UE. But, the timing offset would not be matched from boundary of received signal (i.e., SRS). Consequently, it was observed that the measurement accuracy of SRS-RSRP is degraded due to absence of part of OFDM symbol for SRS sequence. Therefore, the study of potential enhancement of victim UE receiving timing adjustment or aggressor UE transmission timing adjustment seems beneficial to enhance measurement accuracy. But, since this issue was treated under normative work for SRS-RSRP in Rel-16, we think it can be discussed under the UE-to-UE CLI measurement.

	Nokia, NSB
	Same comment as for Section 2.3.5. Adding “alignment” may help.

	Sony
	We are supportive to consider mechanism to align victim and aggressor UEs’ timing for more accurate SRS-RSRP measurements. 

	Lenovo
	Similarly, revise to “UE and gNB transmission and reception timing alignment”

	Samsung
	See our comments in Section 2.3.5

	InterDigital
	We support the proposal. The timing alignment can be used to enhance CLI measurement and mitigation aspects.



3.3.6 [Open] Power control based solution
Moderator Proposal #2-3 
· Study the feasibility and potential benefits of power control based solution for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of power control based solution
· Relevant information exchange


Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, Xiaomi, QC, OPPO, Spreadtrum, CATT, New H3C, Intel, CMCC, vivo, NEC, LG, TCL, Nokia, NSB, Sony, Lenovo, Samsung, InterDigital

	Not support
	Ericsson




	Companies
	Views

	Ericsson
	We don't think further study is warranted.

As pointed out by multiple companies in their contributions, there are already tools in the spec, e.g., for URLLC, to configure different sets of power control parameters, e.g., including P0 such that a different P0 could be indicated for symbols suffering CLI.

	Intel
	Power domain adjustment is a simple way to control the link performance

	Huawei, HiSilicon
	Same with the view for power control based solution for gNB-to-gNB CLI handling.

	LG
	Similar but different to the power control for CLI handling of gNBs, two things can be considered; Tx power boosting of gNB to overcome CLI between UEs and Tx power reduction of aggressor UE to reduce the CLI. It can be focused on the uplink power control enhancement.

	Nokia, NSB
	As commented in Section 2.3.6, the current UE Tx power control framework should be sufficiently flexible. However, we are open to study the information exchange between the gNB on the power adjustment.

	Samsung
	See our comments in 2.3.6

	InterDigital
	We support the proposal. The power control-based solutions can be used to reduce CLI and further mitigate the effects of the imposed CLI.




3.3.7 [Open] Sensing based mechanism
Moderator Suggestion #2-4 
· No further discussion for sensing based mechanism for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, Xiaomi, Ericsson, OPPO, Spreadtrum, CATT, New H3C, Intel, CMCC, DOCOMO, vivo, Huawei, HiSilicon, LG, TCL, Nokia, NSB, Lenovo

	Not support
	NEC, Sony, Samsung, InterDigital




	Companies
	Views

	QC
	Deprioritize the proposal.

	Ericsson
	Support proposal in order to limit scope of CLI mitigation discussion which is already quite wide.

	NEC
	Similar comments as we have in section 2.3.8.

	Sony
	The main concern for sensing is the lost in performance at the UE since most companies assumed that we must follow NR-U’s LBT mechanism.  However, for CLI purpose, if the UE fails the LBT, it can use a DIFFERENT transmission parameter, e.g. one that is more robust or one that has lower Tx power or different Tx beam.  We think there are some benefit in this approach rather than simply preventing the UE from transmitting.

	Samsung
	See our comments in section 2.3.8

	InterDigital
	We do not support the proposal. The sensing-based solutions can be used as a preventive scheme, where the UE sensing the CLI can result in UE selecting the beams/directions that are not affected by CLI. This could result in avoiding the frequent beam/radio link failures and further improving the performance while reducing the latency. 




3.4 2nd Round Discussion
3.4.1 [Open] UE-to-UE co-channel CLI measurement and reporting for UE-to-UE co-channel CLI handling
Moderator Proposal #2-5-1 (1)
For UE-to-UE co-channel CLI measurement, consider SRS resources defined in Rel-16 for SRS-RSRP measurement as baseline.  
· FFS required potential enhancements

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	Samsung, NEC, Nokia, NSB (with a modification to clarify the proposal), DOCOMO, New H3C, OPPO, QC, Lenovo, ZTE,Intel (support Samsung’s edit), vivo, InterDigital (with FFS), Sony, LG, Ericsson (with modification)

	Not support
	Sony (needs clarification), Xiaomi, CEWiT




	Companies
	Views

	Samsung
	Recommend the following wording: “…. are used as baseline.”

	Sony
	It doesn’t make sense to simply reuse Rel-16 SRS-RSRP for SBFD since the SBFD victim UE may not be measuring in UL subband whilst the SRS is transmitter in UL subband only.  It makes more sense for victim UE to measure the aggressor SRS in DL subband of the victim UE for SBFD.

Please clarify that we are not use blindly dumping Rel-16 SRS-RSRP for SBFD & Flexible/Dynamic TDD

	Nokia, NSB
	UE-to-UE co-channel CLI measurements and reporting were standardized during Rel-16 (using both SRS-RSRP and CLI-RSSI resources), and they should be used as baseline for Rel-18 dynamic TDD/SBFD studies. Therefore, we think that the proposal should clarify that SRS resources defined in Rel-16 for SRS-RSRP measurement are used as a baseline.

	Xiaomi
	The proposal here is exactly what we have in Rel-16. What is the addition to the Rel-16 design. We are not sure why we need this proposal.

	CATT
	We can support this but more clarification is needed.  For example, 
 SRS resources defined in Rel-16 for SRS-RSRP measurement can be used as baseline 

	CEWiT
	Question for clarification. RIM RS for gNB-to-gNB co-channel CLI measurement is not a new RS. Does it mean that it is in scope?

	QC
	Support Samsung’s edit.

	ZTE
	Support the following modification.
For UE-to-UE co-channel CLI measurement, consider SRS resources defined in Rel-16 for SRS-RSRP measurement as baseline are used. 


	Vivo
	Support Samsung/ZTE recommendation. SRS resources defined in Rel-16 for SRS-RSRP measurement can be reused as baseline, some enhancements, e.g. spatial domain enhancement may be needed. 


	InterDigital
	Agree with Samsung/ZTE/Vivo. While SRS-RSRP can be used as baseline, the enhancements should be considered in Rel. 18 NR-Duplex. An FFS could be added to study required enhancements.

	Moderator
	@ Sony
For co-channel CLI measurement, SRS resource seems good candidate reference signal. 
But, for inter-subband CLI measurement, we need to discuss how to measure the interference if measurement quantity like SRS-RSRP is required. 

@ Xiaomi
In Rel-18, there is a possibility reference signal(s) for UE-to-UE CLI measurement is/are newly defined. 

@CEWi
RIM-RS can be used for gNB-to-gNB co-channel CLI measurement, but I think RIM-RS is not suitable for UE-to-UE CLI measurement. 

@ All
Please check whether modification in ‘Moderator Proposal #2-5-1 (1)’ is fine or not


	Sony
	Thanks for the modification.  This is clearer that we use Rel-16 SRS resource/mechanism as a baseline for this study and will determine whether we need further enhancement.  We have changed our position to Support.

	QC
	Support

	LG
	We are also fine for the modification.

	Ericsson
	We are confused by there are separated proposals for SRS-RSRP and CLI-RSSI. How can there be two baselines?  Also, the FFS should be "potential" enhancements, not "required" enhancements

Modified Proposal
For UE-to-UE co-channel CLI measurement, consider SRS resources defined in Rel-16 for SRS-RSRP measurement and CLI-RSSI resources defined in Rel-16 for CLI-RSSI measurement are used as a baseline  as baseline.  
· FFS required potential enhancements

	Lenovo
	Ericsson’s version is good with us. 

	Huawei, HiSilicon
	We are fine with Ericsson’ revision except the typo of duplicated “as baseline”

	Moderator 2
	Moderator Proposal #2-5-1 (1) seems stable with simple modification for FFS part at sub-bullet.




Moderator Proposal #2-5 (2)
For UE-to-UE co-channel CLI measurement, consider CLI-RSSI resources defined in Rel-16 for CLI-RSSI measurement are used as a baseline. 
· FFS whether RE level measurement resource is feasible and beneficial

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	Samsung, Nokia, NSB (supportive in general, need clarification on FFS), DOCOMO, New H3C, CATT (with comments), OPPO, CEWiT, QC (with clarification), Lenovo, Intel (clarifications needed), vivo, InterDigital, LG, Ericsson (with modification)

	Not support
	NEC, Sony (needs clarification)




	Companies
	Views

	NEC
	In Rel-16 UE-to-UE co-channel CLI measurement, only time domain and frequency domain are considered, but now we should also consider the spatial domain resource for CLI-RSSI resources definition.

	Sony
	It doesn’t make sense to simply reuse Rel-16 CLI-RSSI for SBFD since the SBFD victim UE may not be measuring in UL subband whilst the interference is aggressor’s UL subband.  It makes more sense for victim UE to measure the aggressor interference in DL subband of the victim UE for SBFD.

Please clarify that we are not use blindly dumping Rel-16 CLI-RSSI for SBFD & Flexible/Dynamic TDD

	Nokia, NSB
	We do not see the need to introduce RE-level measurements, however we can be open to further study if the proponents can elaborate/clarify the need.

	CATT
	Suggest to combine all UE-to-UE co-channel CLI measurement proposal, because any one of them seems to exclude other when putting them separately .

	QC
	We suggest merging this proposal to previous proposal, because both are baseline from Rel-16.
For the FFS, we are not sure about the meaning. Does that mean finer granularity of inter-UE CLI measurement within a subband? Need clarification.

	ZTE
	To us, this can also be used for inter-subband CLI measurement.

	Intel
	We share the views from CATT and others that the UE-to-UE co-channel CLI measurements-related proposals should better be combined. Also, the FFS bullet needs further clarifications. 

	Moderator
	@ NEC
For clear understating, could you explain further about the spatial domain resource for CLI-RSSI resources definition? 
Is the spatial domain resource associated with beam information? 

@ Sony
Our main target scenario is co-channel CLI scenario. In this case, it seems we don’t consider measuring in UL subband. Still, UE needs to operate measurement in DL BWP. 

@ CATT, QC
If my memory is correct, RE level resource (i.e., ZP CSI-RS) was proposed for CLI-RSSI measurement in Rel-16 CLI handling WI. It was not introduced. 
But, if small cell (i.e., indoor) is assumed, UE may receive DL signal/channel from gNB and UL signal/channel from inter-UE within a CP length. In this case, RE level interference measurement could be efficient similar with using ZP CSI-RS. In this aspect, I put the FFS under the main bullet. This is reason why two proposals (for reference signal and for measurement resource) are separated. 


	QC
	Thanks for clarification on the RE level measurement resource. We open to study.

	LG
	We do not think measurement resource should be revised with no strong reason since considering RE level measurement requires tight timing for accurate measurement, but it is okay to keep it as FFS.

	Ericsson
	We are confused by there are separated proposals for SRS-RSRP and CLI-RSSI. How can there be two baselines?  Also, the FFS should be “potential” enhancements, not “required” enhancements

Modified Proposal
For UE-to-UE co-channel CLI measurement, consider SRS resources defined in Rel-16 for SRS-RSRP measurement and CLI-RSSI resources defined in Rel-16 for CLI-RSSI measurement are used as a baseline  as baseline.  
FFS required potential enhancements

	Huawei, HiSilicon
	We are fine with Ericsson’ revision except the typo of duplicated “as baseline”

	Moderator2
	Merging two proposal also is good for making simplified. But, it seems not good if merging two proposals would makes future discussion complicated. 
Considering on future discussion, separate proposal seems better.




Moderator Proposal #2-5-2 (3)
For UE-to-UE co-channel CLI handling, consider L1/L2 based inter-UE CLI measurement and reporting.
· FFS how to measure inter-subband CLI 
· Note: Accounting for practical UE processing/reporting delay
· Note: Compared with existing CLI measurement and report with evaluation result
· Note: Compared with existing L3 based UE-to-UE CLI-RSSI and SRS-RSRP

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	Samsung, NEC, Sony, Nokia, NSB, DOCOMO, New H3C, Xiaomi, CATT, OPPO, CEWiT, QC, Lenovo, ZTE, Intel, InterDigital, LG

	Not support
	




	Companies
	Views

	New H3C
	From our perspective, the measurement and the report exchanging between the UEs should also be studied. Maybe this can be added in the sub-bullet.

	QC
	We support the proposal that consider L1/L2 based inter-UE CLI measurement and reporting.

Need to clarify the main bullet: does “co-channel and inter-subband CLI” include intra-subband and inter-subband CLI? In our view, we should cover not only inter-subband CLI but also intra-subband CLI. E.g. Intra-subband CLI could be useful for dynamic TDD or SBFD (measure in-band blocking). In addition, measurement resource granularity could be smaller than a subband as stated in previous proposal.

	Intel
	To the question from QC, our understanding is that here, “co-channel” includes “intra-subband case”. Nevertheless it would be good to get a confirmation on this.

	Vivo
	Existing L3 based UE-UE CLI-RSSI and CLI-RSRP are already available to be used. Short term measurement results as L1/L2 UE-UE CLI would need to be compared with existing CSI measurement and report with simulations to show its necessity, considering the practical limitations

1) UE reporting delay to the serving gNB
2) Information exchange delay between serving gNB and neighbour gNBs
3) Additional delay at neighbour gNB to adjust its scheduling behavior for any “aggressor” Ues. 
In addition, we have one question for clarification. For the proposals in the summary, some proposals are formulated as “consider XXX” while some proposals are formulated as “XXX can be studied”. Is there any difference between these two formulations?

	Moderator
	Per Chair’s guidance, I try to discuss L1/L2 based CLI measurement/report for UE-to-UE CLI handling. But, when I was the guidance again, I cannot find exact wording for targeting inter-subbaand CLI measurement. 

Dear Yanping and all,

With regards to which agenda item to use for discussion on L1/L2 based CLI measurement/report for UE-to-UE CLI handling, let’s do it under 9.3.3 since it could be applicable for both SBFD and dynamic TDD. Henceforth, please move all relevant discussions to 9.3.3.

Best regards,

Younsun.

Need clarification whether L1/L2 based CLI measurement for inter-subband CLI scenario is considered under A.I. 9.3.3.


Please check whether modification in ‘Moderator Proposal #2-5-1 (3)’ is fine or not


	QC
	Thanks for clarification.
Support the proposal.

	LG
	Considering support from majority including us for L1/L2 based CLI measurement, it is good to have this proposal.

	Ericsson
	We are open to study if L1/L2 measurement/reporting brings any benefits, but the UE reporting delay is vital to consider, especially given some of the long processing times on, e.g., L1-RSRP, from Rel-15. Hence we think UE processing delays must be taken into account from the start to see if there really is a benefit from L1/L2 compared to L3

Modified proposal
For UE-to-UE co-channel and inter-subband CLI handling, consider L1/L2 based inter-UE CLI measurement and reporting accounting for practical UE processing/reporting delay.
· FFS whether L1/L2 based CLI measurement for inter-subband CLI scenario is considered under A.I. 9.3.3.
· FFS how to measure inter-subband CLI (if it is clarified that inter-subband CLI scenario is considered under A.I. 9.3.3)


	Lenovo
	Fine with FL’s proposal. 

	Huawei, HiSilicon
	We have a similar view with vivo, the existing L3 based measurement should be the baseline. The potential enhancement should be justified by proper evaluations. At least as it is now, we have not seen how L1/L2 UE-UE CLI measurement should be done, how it is used for UE-UE CLI handling and how much benefit can we get compared to the legacy scheme. Without knowing this, we cannot agree on this proposal. We suggest to take a similar way as proposal 2-5-1 (1) and 2-5-1 (2)

For UE-to-UE co-channel and inter-subband CLI handling, consider L1/L2 based Rel-16 inter-UE CLI measurement and reporting as baseline.
· FFS whether L1/L2 based CLI measurement for inter-subband CLI scenario is considered under A.I. 9.3.3.
· FFS how to measure inter-subband CLI (if it is clarified that inter-subband CLI scenario is considered under A.I. 9.3.3)


	Moderator 2
	Existing L3 based measurement can be the baseline for enhancement. Also, existing CSI measurement and report can be considered for comparison. Furthermore, practical limitation can be considered for study. Notes are put for informing these points.

Please check whether modification in ‘Moderator Proposal #2-5-2 (3)’ is fine or not




3.4.2 [Open] Coordinated scheduling for time/frequency resources between gNBs (if needed) for UE-to-UE co-channel CLI handling 
Moderator Proposal #2-6-2
For details of coordinated scheduling for time/frequency resources between gNBs (if needed) for UE-to-UE co-channel CLI handling, followings can be studied. 
· DL/UL resource blanking/reservation/muting including time/frequency resource 


Companies are invited to provide views on the above proposal. .
	
	Companies

	Support
	Samsung, NEC, Nokia, NSB, New H3C, CATT, OPPO (if mechanism transparent to UE), CEWiT, Lenovo, ZTE, Intel, InterDigital (with FFS), LG, Ericsson (with modification)

	Not support
	Sony (RE muting should be under measurementswill object)




	Companies
	Views

	Samsung
	We should only consider the available existing Rel-15 mechanisms to support UE-side resource blanking/muting at RB or RE-level, e.g., RMP. If gains of coordinated scheduling depend on the penetration rate of SBFD-aware UEs supporting newer UL resource blanking solutions, these gains cannot be assumed as always present.

	Sony
	Shouldn’tt DL/UL resource blanking/muting be under Measurement topic?  This is extremely limited to only coordinate for RE muting.  Should the gNB exchange information on scheduling parameters and SBFD/Slot formats?  Also shouldn’t gNB decide what to do with the coordination information rather than forcing it to do RE muting?

	QC
	We are okay to study, but we think there is already mechanism in the spec to achieve the purpose e.g. UL CI or DL PI or SFI-F (reservation).

	ZTE
	We would like to add an FFS. UE may need to know these information to avoid transmitting in some specific areas.
FFS: Whether/how to inform DL/UL resource blanking/reservation/muting to UE

	Vivo
	It would be necessary to clarify, before the study, would the methods in sub-bullets be supported by existing methods or scheduler implementation, or it require any changes to the specification and what changes? 

	InterDigital
	Suggest adding an FFS for directional muting in the context of spatial domain relations.

	Moderator
	Please check whether modification in ‘Moderator Proposal #2-6-1’ is fine or not

	Sony
	Still unclear why muting is the only mechanism for coordinated scheduling.  Why are we not considering avoidance (e.g. avoid PRB with high CLI) or scheduling with more robust MCS, or reducing UL Tx Power based on info received from coordinated scheduling?  There are companies proposing other mechanisms but none of them were considered instead muting is the ONLY one considered.  It is puzzling how such conclusion were made.

Similar with Proposal #1-7-1, we have to also object to this proposal.

 

	QC
	We are okay to study, but we think there is already mechanism in the spec to achieve the purpose e.g. UL CI or DL PI or SFI-F (reservation).

	Apple
	We share similar view as QC

	LG
	Since this proposal is not excluding any of coordinated scheduling and considering support from majority, the proposal itself seems reasonable to us.
Agree with Samsung and QC that conventional mechanisms should be prioritized.

	Ericsson
	
In the agreement from last meeting on co-ordinated scheduling, the main bullet said "(if needed)" for co-ordination between gNBs, hence we should add that here to be consistent.

We don't think the FFS is needed – it is implied in the 1st sub-bullet. Furthermore, we don't need to get into signaling details in the SI.
Modified
For details of coordinated scheduling for time/frequency resources between gNBs (if needed) for UE-to-UE co-channel CLI handling, followings can be studied. 
· DL/UL resource blanking/reservation/muting including time/frequency resource 
· FFS: Whether/how to inform DL/UL resource blanking/reservation/muting to UE


	Huawei, HiSilicon
	On the FFS bullet, it is not clear why these should be studied even in an FFS. We suggest to remove it. 

Then similar comment to proposal 1-7-1, our view is that the overhead and latency of the information exchange to enable coordinated scheduling should be studied. The potential impact of traffic load should also be studied. We suggest to add these two aspects

For details of coordinated scheduling for time/frequency resources between gNBs for UE-to-UE co-channel CLI handling, followings can be studied. 
· DL/UL resource blanking/reservation/muting including time/frequency resource 
· FFS: Whether/how to inform DL/UL resource blanking/reservation/muting to UE
· Overhead and latency of the relevant information exchange 
· Potential impact of traffic load


	Moderator 2
	Continue to discuss further in 3rd round.




3.4.3 [Open] Spatial domain coordination method for UE-to-UE co-channel CLI handling 
Moderator Proposal #2-7
For details of spatial domain coordination method for UE-to-UE co-channel CLI, followings can be studied. 
· Tx-Rx beam coordination/avoidance between UEs

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	NEC, Sony, Nokia, NSB, DOCOMO, New H3C, CEWiT, QC, Lenovo, Intel, InterDigital, LG

	Not support
	Samsung, Ericsson




	Companies
	Views

	Samsung
	We think that typical antenna design on the UE side results in limitations – unlike gNB. In the gNB case, beam avoidance/coordination for typically higher Tx power and more directivity/gains make spatial coordination more important.

	QC
	We support the proposal.

To enable any spatial domain coordination, we should first study how to enable spatial domain inter-UE CLI measurement, e.g. UE measuring CLI using different Rx beams. (e.g. UE Rx beam configuration and indication per CLI measurement resource, UE reports recommended/restricted beams measured with different Rx beams). 
It is good to clarify and address these aspects, e.g. will these aspects be studied under CLI measurement and reporting? Or under this spatial domain coordination?

	ZTE
	It seems this may also be applicable to inter-subband CLI.

	Moderator
	@ Samsung
Thanks for explanation. As you mentioned, typical antenna design on the UE side could be necessary for enabling Tx-Rx beam coordination/avoidance. That could be one of study topic to determine feasibility. 
Let’s discuss about the feasibility of Tx-Rx beam coordination/avoidance in UE side. 

@ QC
Thanks for the clarification question. 
CLI measurement and reporting should be a starting point for discussion of spatial domain coordination method. CLI measurement and reporting can be operated without considering spatial domain coordination. On top of the basic framework for CLI measurement and reporting, spatial domain coordination can be discussed as an enhancement feature for CLI mitigation. 
For example, in Rel-16, Tx-Rx beam coordination was not considered for specification. For SRS-RSRP measurement, it was concluded that QCL assumption on CLI-RSSI and SRS-RSRP interference measurement resources is up to UE implementation. Different from CLI measurement and reporting without operating spatial domain coordination, we may discuss whether/how to indicate QCL type for receiving both DL channel/signal and UL channel/signal.
In this aspect, I feel spatial domain coordination topic can be discussed separately.  

@ ZTE
I also think spatial domain scheme can be applied for both co-channel CLI and inter-subband CLI handling if analog beamforming is assumed. 
But, if subband digital beamforming is assumed, spatial domain coordination/avoidance would not be applied for inter-subband CLI handling.


	QC
	Thanks Moderator for the answer.
We support the proposal to discuss spatial domain coordination separately. 
We would like to make sure spatial domain enhancement (e.g. UE measuring CLI using different Rx beams) (without operating spatial domain coordination between gNBs) will be studied under CLI measurement and reporting. 
In addition, would like to further clarify in this proposal, spatial domain coordination is between gNBs? Or among UEs with gNB scheduling?

	Ericsson
	Agree with Samsung – such co-ordination seems quite dubious since UEs can move/rotate. So how would any preferred/restricted beam pairings between UEs remain valid for long enough to be useful?

	Huawei, HiSilicon 
	We are open to study this.

	Moderator 2
	Continue to discuss further in 3rd round.




3.4.4 [Open] Advanced Receiver
Moderator Proposal for conclusion #2-1-2 
· Unser AI 9.3.3., no further discussion on UE side advanced receiver for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD 


Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	

	Not support
	




	Companies
	Views

	Samsung
	It is certainly of interest to see UE-side advanced receiver performance in presence of co-channel CLI. However, the UE-side advanced receiver should not be baseline for the performance evaluation. This we should clarify in the moderator proposal.

	Sony
	This should be treated under AI 9.3.1 as this is solely for evaluation purpose.

	Nokia, NSB
	Thanks FL for finding a middle ground and take into account our comments. We can be supportive for making progress.

	CATT
	Not sure why we need to discuss this given the result of first round discussion about advanced receiver for UE-to-UE

	OPPO
	The performance based on advanced receiver should not be taken as baseline that is used to determine anything. Further, it seems there is no common criteria to decide what kind of receiver is bench-marked as advanced.  

	QC
	Agree with Samsung that UE side advanced receiver should not be the baseline for current implementation.
In addition, Rel-18 RAN4 is looking at UE advanced receiver and it could be up to RAN4 discussion.

	ZTE
	We don’t see much necessity for this proposal since anyway companies can select simulation assumptions they want.

	Intel
	Same view as others commenting above – we do not see the need for this proposal. Companies are free to evaluate performance with advanced receivers as optional choices. 

	Vivo
	Agree with Samsung, OPPO, QC comments. 

	InterDigital
	We don’t see a need for this agreement.

	Moderator
	In RAN1#110 meeting, following has been agreed

Agreement
For evaluation of SBFD and dynamic/flexible TDD, adopt the following evaluation assumptions.
	UE receiver
	MMSE-IRC as the baseline receiver. 
Note: Advanced receiver is not precluded.
[refer to TR 38.802 Table A.2.1-1]



In accordance with the agreement, we cannot say that using advanced receiver for evaluation is precluded. Also, we cannot say that no further discussion about advanced receiver in Rel-18 DE SI. 

I think the Moderator Proposal for conclusion #2-1-1 is not much than the previous agreement. In this aspect, the moderator proposal for conclusion can imply that the discussion for advanced receiver can be treated with evaluation result under AI 9.3.1. 

In other word, we may conclude that ‘No further discussion for UE side advanced receive under AI 9.3.3.’ 

	Sony
	Similar to Proposal for conclusion #1-1-1 in Section 2.4.4, I think it will be helpful to clarify that the proposal is to let company implement Advanced Receiver in their evaluation under AI 9.3.1.   Suggested modification:

Advanced receiver can be considered for performance evaluation under AI 9.3.1, Using advanced receiver for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD can be assumed for performance evaluation. 



	Intel2
	Can accept the version from SONY. Otherwise, as pointed out by Moderator, the agreement in 9.3.1 is sufficient.

	Apple
	We share similar view as Samsung

	LG
	We do not think this proposal is assuming specific UE implementation as a baseline. With same logic to the advanced receiver for gNB-to-gNB CLI case, we support this proposal.

	Ericsson
	For the same reasons as for gNB receivers, we do not agree to making this conclusion. In fact, it is quite meaningless. It is impossible to define "advanced receiver" if one doesn't define a baseline first, and even that will be difficult because of varying implementations. And then what does "advanced mean?" That also will be difficult to define.

For all of the CLI mitigation approaches that we will study in this SI, companies should report what assumptions they used, and that can include details on the receiver that was assumed. For this reason, there is no need to make the above conclusion.

	Huawei, HiSilicon 
	Similar comments to the gNB-gNB advance receivers, there may be no need to state that a certain CLI handling scheme can be evaluated. We believe each of the candidate scheme deserves a good technical discussion and should be properly evaluated. 

As commented in first round, the performance of advanced receiver for UE-UE CLI handling at the UE might not be that promising as at the gNB since the number of receiving antennas of UE is small. Instead of no further discussion at all, we think the enhanced IRC receivers at the UE side can be studied with lower priority.

	Moderator 2
	The proposal for conclusion is aiming UE side advanced receiver can be considered for performance evaluation. But, the advanced receiver has been captured in the evaluation assumption. Therefore, it seems no further discussion under AI 9.3.3 can be concluded.




3.4.5 [Hold] UE and gNB transmission and reception timing 
Moderator Suggestion #2-2
· Study the feasibility and potential benefits of ‘UE and gNB transmission and reception timing’ for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of timing alignment
· Relevant information exchange

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, QC, OPPO, Spreadtrum, CEWiT, CATT, New H3C, Intel, CMCC, NEC, TCL, Nokia, NSB, Sony (for SRS-RSRP measurement purpose), Samsung, InterDigital

	Not support
	Ericsson, LG (propose that study of UE reception and/or transmission timing (i.e., the victim UE reception timing adjustment and/or aggressor UE transmission timing adjustment) can be discussed under UE-to-UE co-channel CLI measurement.)




	Companies
	Views

	Moderator
	Continue to discuss in 3rd round discussion



3.4.6 [Hold] Power control based solution
Moderator Proposal #2-3 
· Study the feasibility and potential benefits of power control based solution for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of power control based solution
· Relevant information exchange


Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, Xiaomi, QC, OPPO, Spreadtrum, CATT, New H3C, Intel, CMCC, vivo, NEC, LG, TCL, Nokia, NSB, Sony, Lenovo, Samsung, InterDigital

	Not support
	Ericsson




	Companies
	Views

	Moderator
	Continue to discuss in 3rd round discussion




3.4.7 [Close] Sensing based mechanism
In GTW session on Tuesday (10/11), following was concluded.
	Conclusion
No further discussion for sensing based mechanism (i.e. LBT) for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD




4 Moderator Proposals for GTW session
4.1 GTW session on Tuesday

Potential enhancements to Rel-16 RIM
Moderator Proposal for conclusion #1-4 
· No further discussion for potential enhancement to Rel-16 RIM for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	Ericsson, OPPO, New H3C, Intel, vivo, NEC, LG, TCL, Nokia, NSB, Sony

	Not support
	




Sensing based mechanism
Moderator Proposal for conclusion #1-5
· No further discussion for sensing based mechanism for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, Xiaomi, OPPO, Spreadtrum, New H3C, Intel, CMCC, DOCOMO, vivo, Huawei, HiSilicon, LG, TCL, Nokia, NSB

	Not support
	NEC, Sony



Moderator Proposal for conclusion #2-4 
· No further discussion for sensing based mechanism for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, Xiaomi, Ericsson, OPPO, Spreadtrum, CATT, New H3C, Intel, CMCC, DOCOMO, vivo, Huawei, HiSilicon, LG, TCL, Nokia, NSB

	Not support
	NEC , Sony




Power control based solution 
Moderator Proposal #1-3
· Study the feasibility and potential benefits of power domain solution for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of gNB Tx power adjustment
· Details of UE Tx power control 
· Relevant information exchange

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, Xiaomi, QC, CATT, New H3C, Intel, CMCC, vivo, NEC, LG, TCL, Nokia, NSB, Sony

	Not support
	Ericsson, OPPO (concerning the 2nd subbullet) , Spreadtrum, Apple (concerning 2nd bullet) 



Moderator Proposal #2-3 
· Study the feasibility and potential benefits of power control based solution for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of power control based solution
· Relevant information exchange

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, Xiaomi, QC, OPPO, Spreadtrum, CATT, New H3C, Intel, CMCC, vivo, NEC, LG, TCL, Nokia, NSB, Sony

	Not support
	Ericsson, Apple




Advanced Receiver
Moderator Proposal #1-1 
· Study the feasibility and potential benefits of advanced receiver for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	Huawei, HiSilicon, Nokia, NSB

	Not support
	ZTE, Ericsson, Intel, DOCOMO,NEC, LG, Sony



Moderator Proposal for conclusion #2-1 
· No further discussion for advanced receiver for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, Xiaomi, Ericsson, OPPO,Spreadtrum, CATT, Intel, CMCC, DOCOMO, vivo, NEC, LG, TCL, Sony, Apple

	Not support
	Huawei, HiSilicon, Nokia, NSB



UE and gNB transmission and reception timing 
Moderator Proposal #1-2
· Study the feasibility and potential benefits of UE and gNB transmission and reception timing for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Timing adjustment/synchronization details
· Relevant information exchange
 
Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, Xiaomi, QC, New H3C, Intel, CMCC, vivo, NEC, TCL, Nokia, NSB

	Not support
	Ericsson, OPPO (if targeting solution non-transparent to UE), Huawei, HiSilicon, LG (propose to study of UE reception and/or transmission timing (i.e., the victim gNB reception timing adjustment and/or aggressor gNB transmission timing adjustment) under gNB-to-gNB co-channel CLI measurement.), Sony



Moderator Suggestion #2-2
· Study the feasibility and potential benefits of ‘UE and gNB transmission and reception timing’ for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of timing alignment
· Relevant information exchange

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	ZTE, QC, OPPO, Spreadtrum, CEWiT, CATT, New H3C, Intel, CMCC, NEC, TCL, Nokia, NSB, Sony (for SRS-RSRP measurement purpose)

	Not support
	Ericsson, LG (propose that study of UE reception and/or transmission timing (i.e., the victim UE reception timing adjustment and/or aggressor UE transmission timing adjustment) can be discussed under UE-to-UE co-channel CLI measurement.)



4.2 Email Approval on Friday
Moderator Proposal #1-6 (3)
For gNB-to-gNB co-channel CLI measurement, the benefit of uplink resources muting can be studied further.
· Note: Proponents of uplink resource muting are encouraged to provide evaluation result for comparison of performance between two cases when uplink resource muting for gNB-to-gNB co-channel CLI measurement is applied or not.

4.3 GTW session on Monday

Co-channel CLI measurement 
Moderator Proposal #1-6-2 (1)
For gNB-to-gNB co-channel CLI measurement, consider the existing DL channel/signals for receive power measurement (e.g., SSB, CSI-RS, DMRS, unicast PDCCH/PDSCH, etc.) can be are re-used. 
· FFS which type of DL channel/reference can be used for gNB-to-gNB co-channel CLI measurement

Moderator Proposal #1-6-1 (2)
For gNB-to-gNB co-channel CLI measurement, consider the existing resources for received strength measurement (e.g., ZP CSI-RS, CSI-IM, Resource RSSI measurement resource, RMTC, etc.) can be re-used.

Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	Samsung, NEC, Sony, Nokia, NSB, DOCOMO, New H3C, OPPO, CEWiT, QC (with edits), Lenovo, Intel (with comments), InterDigital, LG, Ericsson

	Not support
	




Moderator Proposal #2-5-1 (1)
For UE-to-UE co-channel CLI measurement, consider SRS resources defined in Rel-16 for SRS-RSRP measurement as baseline.  
· FFS required potential enhancements

Moderator Proposal #2-5 (2)
For UE-to-UE co-channel CLI measurement, consider CLI-RSSI resources defined in Rel-16 for CLI-RSSI measurement are used as a baseline. 
· FFS whether RE level measurement resource is feasible and beneficial

Moderator Proposal #2-5-2 (3)
For UE-to-UE co-channel CLI handling, consider L1/L2 based inter-UE CLI measurement and reporting.
· FFS how to measure inter-subband CLI 
· Note: Accounting for practical UE processing/reporting delay
· Note: Compared with existing CLI measurement and report with evaluation result
· Note: Compared with existing L3 based UE-to-UE CLI-RSSI and SRS-RSRP



Spatial domain coordination method
Moderator Proposal #1-8-2
For details of spatial domain coordination method for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· Recommended/restricted Beam pairings between gNBs
· Beam nulling between gNBs
· Other schemes are not precluded. 


Coordinated scheduling for time/frequency resources between gNBs
Moderator Proposal #1-7-2
For details of coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· DL resource blanking including time/frequency resource at aggressor gNB
· UL resource restriction including time/frequency resources among gNBs
· Enhancement of intended TDD UL-DL configuration
· Other details are not precluded.



5 Contact Person
Please provide the information of the contact person for the purpose of discussion facilitation
	Company
	Name
	Email address

	TCL Communication Ltd. 
	Shahid Jan
	shahid.jan@tcl.com 

	Sony
	Shin Horng Wong
	shinhorng.wong@sony.com

	Lenovo
	Yuantao Zhang
	zhangyt18@lenovo.com

	New H3C
	Lei Kong
	kong.lei@h3c.com

	Samsung

	Marian Rudolf
Kyungjun Choi
	m.rudolf@partner.samsung.com
kyungj.choi@samsung.com

	vivo
	Na Li
	Lina5g@vivo.com

	NTT DOCOMO
	Daisuke Kurita
	kuritad@nttdocomo.com

	Ericsson
	Stephen Grant
	stephen.grant@ericsson.com

	Xiaomi
	Yajun Zhu
	zhuyajun@xiaomi.com

	QC
	Emily Zhang
	qiaz@qti.qualcomm.com

	Spreadtrum
	Shuai Zhang
	Shuai.Zhang6@unisoc.com

	OPPO
	Wenfeng Zhang
	zhangwenfeng@oppo.com

	LG
	Jaenam Shim
	jaenam.shim@lge.com

	Nokia/NSB
	Quang Nhan
	nhat-quang.nhan@nokia.com

	InterDigital
	Jonghyun Park
	jonghyun.park@interdigital.com
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