오류! 지정한 스타일은 사용되지 않습니다.
14
오류! 지정한 스타일은 사용되지 않습니다.


[bookmark: references][bookmark: _Toc104488368][bookmark: _Toc13157][bookmark: _Toc134691791][bookmark: _Toc103163476][bookmark: _Toc23609]8	Potential enhancements and analysis for dynamic/flexible TDD
[bookmark: _Toc15219][bookmark: _Toc103163478][bookmark: _Toc5962][bookmark: _Toc134691795][bookmark: _Toc104488369]8.3	Inter-gNB CLI handling schemes
Editor's note: This section captures the potential inter-gNB CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD, as well as performance evaluation/analysis, observations and RAN1 specification impacts for each scheme.
[bookmark: _Toc126680964][bookmark: _Toc134691796][bookmark: _Toc17406][bookmark: _Toc21135]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:
· 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

RAN1 deprioritized the discussion on both potential enhancement to Rel-16 RIM and 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.

8.3.1	gNB-to-gNB co-channel CLI measurement and/or channel measurement
[bookmark: _Hlk142661630]8.3.1.1	Description
RAN1 studies 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. In the study, at least followings are included:
· Measurement resource configuration
· Measurement details
· Relevant information exchange
· Usage of measurement
Also, for gNB-to-gNB co-channel CLI measurement, the potential benefit of uplink resources muting is studied further.

Measurement Resource, Performance Matric and Relevant information exchange
In the study for gNB-to-gNB co-channel CLI measurement, it is considered as baseline to reuse existing DL channel(s)/signal(s)/measurement_resource(s), for example, SSB, NZP/ZP-CSI-RS, DMRS for PDCCH/PDSCH, CSI-IM, RSSI measurement resource, etc.
In the study, beam level (i.e., based on measurement result per SSB resource and/or per CSI-RS resource) CLI measurement can be considered.
In the study, RAN1 assumed that exchange of configuration for NZP CSI-RS /SSB can be an enabler for gNB-to-gNB CLI measurement and/or channel measurement. 

UL Resource Muting
For enhancement of gNB-to-gNB co-channel CLI measurement and/or channel measurement, following options are studied for UL resource muting. 
· Option 1: Transparent UL resource muting method (e.g., avoid the scheduling on measurement resource)
· Option 2: Non-transparent UL resource muting method (e.g., define UL resource muting pattern with one or more RE/RB muting patterns)

Issues on reception timing misalignment
For gNB-to-gNB co-channel CLI measurement and/or channel measurement, RAN1 studies the impact on system performance because of CLI measurement inaccuracy at victim gNB due to misalignment between UL timing at victim gNB and DL reception timing at victim gNB of CLI measurement resource transmitted from one or more aggressor gNB. In the study, potential impact on UL performance is included.

8.3.1.2	Performance evaluation or analysis
In the study of gNB-to-gNB co-channel CLI measurement and/or channel measurement, it is assumed that periodic NZP CSI-RS/SSB is the baseline. Also, for the study, it is assumed that both CD-SSB and NCD-SSB can be used for gNB-to-gNB CLI measurement. From the study of gNB-to-gNB co-channel CLI measurement and/or channel measurement, followings are observed:
· gNBs, which measure gNB-to-gNB co-channel CLI using CD-SSBs from neighbor cells, might require muting/skipping some of the CD-SSBs if the time/frequency resource of CD-SSBs for the gNBs is overlapping.
· This approach might at least incur impact on initial access / cell search / RRM measurement performance
· In order to address the above issue, NCD-SSBs provided to neighbor gNBs can be used for CLI measurement at victim gNBs.
· SSB resources may be useful for coarse tracking of CLI levels 
· NZP CSI-RS resource configurations provided to neighbor gNBs can be used for the purpose of estimating inter-gNB CLI levels.
· NZP CSI-RS resource configurations provided to neighbor gNBs also can be used for the purpose of estimating inter-gNB channel which helps Tx / Rx gNBs perform beamforming to reduce inter-gNB CLI.

From the study of UL resource muting for gNB-to-gNB co-channel CLI measurement, channel measurement, the followings are observed:
· The UL resource muting can be used to measure the gNB-to-gNB CLI levels with less interference from UL. 
· The UL resource muting can be used to measure the gNB-to-gNB channel with less interference from UL.
· The UL resource muting can be used to measure the gNB-to-gNB CLI interference covariance matrix with less interference from UL.
Note: Above can be done using current specification which supports transparent UL resource muting with gNB scheduling
· Note: UL resource muting could incur UL performance loss

For performance evaluation of UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix, three sources (Huawei/HiSilicon, Nokia/NSB, China Unicom) provide the evaluation results. The evaluation results are summarized in section 8.3.1A and the tables for the evaluation result are shown in Annex B.4. 

8.3.1.3	Specification impact


[bookmark: _Toc22995][bookmark: _Toc2993]8.3.1A	Inter-gNB CLI scheme 1A: UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix
[bookmark: _Toc18957][bookmark: _Toc24536]8.3.1A.1	Reference scheme for performance comparison
· Source 1 (Huawei/HiSilicon) 
· Reference scheme 1: 
· UL resource muting is not applied and the gNB-to-gNB CLI interference covariance matrix is obtained based on UL DMRS.
· Reference scheme 2: 
· Transparent UL resource muting by not scheduling a number of symbols in a slot for PUSCH is assumed and the gNB-to-gNB CLI covariance matrix is estimated on the transparent UL muting resources. 
· DL symbol of aggressor gNB is muted at the corresponding PUSCH DMRS and UL channel estimation is only interfered by UE-gNB interference. 
· Source 2 (Nokia/NSB)
· E-LMMSE-IRC (Rel-14 NR Study Item phase. 3GPP TR 38.802, Section 10) without UL muting.
· Source 3 (China Unicom)
· Scheme 1 (No UL resource muting): 
· The UL channel estimation is impacted by gNB-to-gNB CLI and the gNB-to-gNB CLI covariance matrix is not considered at the MMSE-IRC receiver 
· Scheme 2 (DL symbol muting and Transparent UL resource muting):
· The UL channel estimation is not impacted by gNB-to-gNB CLI assuming the DL symbol is muted at aggressor gNB corresponding to the PUSCH DMRS
· The gNB-to-gNB CLI covariance matrix is obtained based on transparent UL muting resource

[bookmark: _Toc22495][bookmark: _Toc15629]8.3.1A.2	Proposed Scheme
· Source 1 (Huawei/HiSilicon)
· The gNB-to-gNB CLI interference covariance matrix is obtained by muting some resources for the UL transmissions, based on a predefined pattern (in the evaluation, a comb-like muting pattern on one symbol for a PUSCH occasion is assumed) and the CLI can be suppressed by the MMSE-IRC receiver.
· Ideal channel estimation for UL PUSCH of victim gNB is assumed in the simulation results submitted to RAN1#113 and realistic channel estimation for UL PUSCH of victim gNB is assumed in the simulation results submitted to RAN1#114. DL symbol of aggressor gNB is muted at the corresponding PUSCH DMRS and UL channel estimation is only interfered by UE-gNB interference.
· Source 2 (Nokia/NSB)
· E-LMMSE-IRC with UL muting (no resources colliding with aggressor gNBs resources used for interference estimation).
· Covariance matrix estimation based on assisted information exchange of the CLI aggressor characteristics over the Xn interface.
· Source 3 (China Unicom)
· The UL channel estimation is not impacted by gNB-to-gNB CLI assuming the DL symbol is muted at aggressor gNB corresponding to the PUSCH DMRS
· The gNB-to-gNB CLI covariance matrix is obtained based on non-transparent UL muting resource where a comb-like UL resource muting pattern with 1/2 REs over the frequency is assumed and the UL resource muting pattern occurs on two PUSCH UL symbols 

[bookmark: _Toc30723][bookmark: _Toc30772]8.3.1A.3	Performance evaluation or analysis

[bookmark: _Toc3554][bookmark: _Toc11454]8.3.1A.4	Specification impact of the proposed scheme
· Source 1 (Huawei/HiSilicon) 
· Non-transparent UL muting resource patterns (e.g. predefined) including its time and frequency location (e.g. symbol-level and/or RB-level and/or RE-level) with potential impact on PUSCH resource mapping.
· Source 2 (Nokia/NSB) 
· Signaling of assistance information for interference/channel estimation over Xn interface. Potential signaling of UL muting pattern.
· Source 3 (China Unicom)
· Same as proposed scheme from Source 1

[bookmark: _Hlk142661780]8.3.2	Coordinated scheduling for time/frequency resources between gNBs
8.3.2.1	Description
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, are studied. The study at least includes:
· Details of coordinated scheduling for time/frequency resources 
· Relevant information exchange

8.3.2.2	Performance evaluation or analysis
From the study of the benefit of knowledge among gNBs of semi-static SBFD time and frequency configuration, followings are observed:
· The knowledge among gNBs of semi-static SBFD time and frequency configuration can be beneficial depending on gNB implementation
Note: As of RAN1#113, there are no evaluation results to verify the magnitude of the benefit

For performance evaluation of Time Domain Scheme using UL slot(s) aligned between gNBs, two sources (Ericsson, ZTE) provide the evaluation results. The evaluation results are summarized in section 8.3.2A and the tables for the evaluation result are shown in Annex B.4.
For performance evaluation of Frequency Domain Coordination Scheme, two sources (Qualcomm, Nokia/NSB) provide the evaluation results. The evaluation results are summarized in section 8.3.2B and the tables for the evaluation result are shown in Annex B.4.

8.3.2.3	Specification impact


8.3.2A	Inter-gNB CLI scheme 2A: Time Domain Scheme using UL slot(s) aligned between gNBs
8.3.2A.1	Reference scheme for performance comparison
· Source 1 (Ericsson) 
· Dynamic TDD (dTDD) has TDD UL/DL configuration FFFFF, as per RAN1 agreement. 
· Source 2 (ZTE)  
· For 2-layer Scenario B (HetNet with Urban Macro and Indoor), semi-static TDD pattern {DDDSU} is used for both Urban Macro cell (layer 1) and Indoor office cell (layer 2) and there is no time domain coordinated scheduling.

8.3.2A.2	Proposed Scheme
· Source 1 (Ericsson)
· Dynamic TDD with “protected” UL-only slot (p-dTDD) has TDD UL/DL configuration FFFFU. All gNBs coordinate to configure the same UL-only slot such that it is free of CLI. For example, the UL-only slot can be used by gNBs for reliable reception of UL control channels to support HARQ for the downlink.
· Source 1 shows SLS results at low, medium, and high load comparing dynamic TDD with protected UL-only slot (p-dTDD) to baseline dynamic TDD (dTDD).
· Source 2 (ZTE)  
· For 2-layer Scenario B (HetNet with Urban Macro and Indoor), semi-static TDD pattern {DDDSU} and {DSUUU} are used for Urban Macro cell (layer 1) and Indoor office cell (layer 2), respectively. 
· The gNB schedules the UE suffering severe gNB-to-gNB interference on the UL slots without CLI (i.e., the last UL slot in each TDD period) to avoid the impact of gNB-to-gNB CLI.

8.3.2A.3	Performance evaluation or analysis

8.3.2A.4	Specification impact of the proposed scheme
· Source 1 (Ericsson)
· No specification impacts
· Source 2 (ZTE)
· No specification impacts


[bookmark: _Toc9570][bookmark: _Toc17249]8.3.2B	Inter-gNB CLI scheme 2B: Frequency Domain Coordination Scheme
[bookmark: _Toc24108][bookmark: _Toc13041]8.3.2B.1	Reference scheme for performance comparison
· Source 1 (Qualcomm) 
· Deployment scenario #1: Indoor office (InH) with dynamic TDD assignment (FFFFF).
· Deployment scenario #2: Urban Macro (UMa) with dynamic TDD assignment (DFFFU) of either DL-heavy (DDDSU) or UL-heavy (DSUUU) TDD pattern. 
· Source 2 (Nokia/NSB) 
· Two-layer scenario with Rel-17 dynamic TDD.

[bookmark: _Toc29537][bookmark: _Toc23530][bookmark: _Hlk141023456]8.3.2B.2	Proposed Scheme
· Source 1 (Qualcomm) 
· The frequency resources within a carrier are split into a DL-only resource (i.e., DL subband) and UL-only resources (UL-subband) [in asynchronous/CLI slots].
· This subband split provides frequency isolation between aggressor and victim gNBs which helps mitigate inter-gNB co-channel CLI.
· Each gNB can either transmit in the downlink resource or receive in the uplink resource
· Source 2 (Nokia/NSB) 
· Layer-1 gNBs assume static TDD [DDDSU] while the Layer-2 gNBs use [DDFFU]. During “F” slots, Layer 2 gNBs prioritizes UL scheduling in case that DL and UL traffic is available for transmission at gNB and UEs buffers. In case that a traffic from a single direction is available, gNBs will use the corresponding resource in the given “F” slot. The Layer-1 gNBs will ensure that there is no DL transmission scheduled on the legacy TDD DL slots that overlaps with the UL resource of the “F” slots of the Layer-2 gNBs

[bookmark: _Toc14327][bookmark: _Toc28784]8.3.2B.3	Performance evaluation or analysis

[bookmark: _Toc24895][bookmark: _Toc21703]8.3.2B.4	Specification impact of the proposed scheme
· [bookmark: _Hlk142661891]Source 1 (Qualcomm) 
· Information exchange between gNBs of the locations of the frequency domain resources reserved for DL-only transmission or UL-only reception.
· Source 2 (Nokia/NSB) 
· Information exchange between gNBs via Xn/F1 interface.

8.3.3	Spatial domain coordination method
8.3.3.1	Description
RAN1 studies 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. In the study, at least followings are included:
· Details for spatial domain coordination 
· Relevant information exchange
Note1: Study can include method for FR1 and FR2

For details of spatial domain coordination method for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· Recommended/restricted Beams between gNBs
· Beam nulling between gNBs
· Beam pairing between gNBs
· Other schemes are not precluded.

For spatial domain coordination, the exchange of beam related information among gNB(s) (e.g., victim gNB(s) and aggressor gNB(s)) can be an enabler for inter-gNB co-channel CLI management.
· For example 1 (from aggressor gNB to victim gNB), DL beam indication from aggressor gNB(s)
· For example 2 (from victim gNB to aggressor gNB), preferred/restricted DL beam and associated resource configuration, beam based inter-gNB co-channel CLI measurement result from victim gNB
Note: The above examples are only provided as starting point for further discussions
For spatial domain enhancement of gNB-to-gNB co-channel CLI handling, DL Tx beam information of the gNB can be exchanged between gNBs. 
Reference signal resource ID (e.g., NZP-CSI-RS resource ID, SSB index) can be used as beam information exchange between gNBs.

For spatial domain enhancement of gNB-to-gNB CLI handling, RAN1 studies the benefit and the procedure of the information exchange of at least the preferred/non-preferred DL beams of the aggressor gNBs, based on the beam information exchanged between gNBs.

8.3.3.2	Performance evaluation or analysis

For performance evaluation of Spatial Domain Coordination Scheme for gNB Tx-Beam Nulling, two sources (China Telecom/ ZTE, Qualcomm) provide the evaluation results. The evaluation results are summarized in section 8.3.3A and the tables for the evaluation result are shown in Annex B.4.

8.3.3.3	Specification impact


[bookmark: _Toc6411][bookmark: _Toc11677]8.3.3A	Inter-gNB CLI scheme 3A: Spatial Domain Coordination Scheme for gNB Tx-Beam Nulling
[bookmark: _Toc11476][bookmark: _Toc11857]8.3.3A.1	Reference scheme for performance comparison
· Source 1 (ZTE, China Telecom) 
· No Tx beam nulling since the aggressor gNB does not know the channel information between the aggressor gNB and victim gNB.
· Source 2 (Qualcomm) 
· Deployment scenario #1: Indoor office (InH) with Dynamic TDD without aggressor (Tx) gNB nulling due to lack of inter-gNB channel information and lack of inter-gNB CLI measurements.
· Deployment scenario #2: Urban Macro (UMa) with Semi-static SBFD without aggressor (Tx) gNB nulling due to lack of inter-gNB channel information and lack of inter-gNB CLI measurement.
· Source 3 (China Telecom, ZTE) 
· No Tx beam nulling since the aggressor gNB does not know the channel information between the aggressor gNB and victim gNB.

[bookmark: _Toc29751][bookmark: _Toc32176]8.3.3A.2	Proposed Scheme
· Source 1 (ZTE, China Telecom) 
· Tx beam nulling is performed by the aggressor gNB. 
· The victim gNB measures the channel information based on the NZP CSI-RS transmitted from the aggressor gNB to the victim gNB and then delivers the measured channel information to the aggressor gNB. 
· The aggressor gNB determines the DL precoder for its serving UEs by considering the channel information between aggressor gNB and victim gNB so that the DL transmission beam has the least interference to the victim gNB.
· Source 2 (Qualcomm)
· Aggressor gNB Tx nulling towards victim gNB(s) based on knowledge of the channel between the aggressor and victim gNB(s). 
· Victim gNB(s) are identified based on inter-gNB CLI measurements.
· Source 3 (China Telecom, ZTE) 
· Same as the proposed scheme of source 1

[bookmark: _Toc7332][bookmark: _Toc7730]8.3.3A.3	Performance evaluation or analysis

[bookmark: _Toc29226][bookmark: _Toc10398]8.3.3A.4	Specification impact of the proposed scheme
· [bookmark: _Toc29107][bookmark: _Toc12765]Source 1 (China Telecom, ZTE) 
· The information exchange between the aggressor gNB and victim gNB, including the measurement resource and the measurement results.
· Source 2 (Qualcomm)
· Co-channel CLI/channel measurements based on information exchange between gNBs of the CLI resource configuration and CLI measurement reports. 
· Note: CLI measurement reports are needed to identify victim gNB(s) and CLI resource configuration (e.g. CSI-RS resource) is needed to estimate the channel between the aggressor and victim gNBs. 
· Source 3 (China Telecom, ZTE) 
· Same as the specification impact of the proposed scheme of source 1

[bookmark: _Hlk142661956]
8.3.4	UE and gNB transmission and reception timing
8.3.4.1	Description
For gNB-gNB co-channel CLI measurement and channel measurement, RAN1 studies the impact on system performance because of CLI measurement inaccuracy at victim gNB due to misalignment between UL timing at victim gNB and DL reception timing at victim gNB of CLI measurement resource transmitted from one or more aggressor gNB.
· Including potential impact on UL performance

8.3.4.2	Performance evaluation or analysis

8.3.4.3	Specification impact


8.3.5	Power control based solution
8.3.5.1	Description
RAN1 studies the effect on DL performance and the UL performance of DL Tx power adjustment to evaluate the feasibility of such scheme to overcome the gNB-to-gNB co-channel CLI.

RAN1 studies the effect on DL/UL performance and specification impact of applying separate open-loop/closed-loop power control parameters with cochannel CLI and without cochannel CLI for the uplink power control of a UE

8.3.5.2	Performance evaluation or analysis

For performance evaluation of Power Control scheme based on gNB Tx Power Adjustment, two sources (Nokia/NSB, Qualcomm) provide the evaluation results. The evaluation results are summarized in section 8.3.5A and the tables for the evaluation result are shown in Annex B.4.

For performance evaluation of Power Control scheme based on UE Tx Power Adjustment, two sources (Nokia/NSB, Qualcomm) provide the evaluation results. The evaluation results are summarized in section 8.3.5B and the tables for the evaluation result are shown in Annex B.4.

8.3.5.3	Specification impact


8.3.5A	Inter-gNB CLI scheme 5A: Power Control scheme based on gNB Tx Power Adjustment
[bookmark: _Toc27961][bookmark: _Toc6023]8.3.5A.1	Reference scheme for performance comparison
· Source 1 (Nokia, NSB) 
· Dynamic TDD baseline operation.
· Source 2 (Qualcomm) 
· No DL power adjustment by the aggressor gNB with dynamic TDD assignment.
[bookmark: _Toc1923][bookmark: _Toc1786]8.3.5A.2	Proposed Scheme
· Source 1 (Nokia, NSB) 
· Aggressor gNB decreases the transmit power in agreed intervals with the victim gNB to ensure that the gNB-gNB CLI is kept within the tolerable limits at the victim gNB.
· Source 2 (Qualcomm) 
· DL power adjustment (e.g., power back-off) by the aggressor gNB at slots with inter-gNB CLI.
[bookmark: _Toc25774][bookmark: _Toc9491]8.3.5A.3	Performance evaluation or analysis

[bookmark: _Toc21127][bookmark: _Toc6879]8.3.5A.4	Specification impact of the proposed scheme
· Source 1 (Nokia, NSB) 
· Xn signaling enhancements to support the handshake agreement between victim and aggressor gNB for the DL transmit power reduction:
· Step 0: Measurements and identification of aggressor(s).
· Step 1: Indication of DL Tx power reduction by the victim gNB.
· Step 2: Confirmation by the aggressor gNB on whether it can accept the new DL Tx power conditions.
· Source 2 (Qualcomm) 
· Information exchange between gNBs of recommended DL power adjustment of aggressor gNB based on CLI measurements.

[bookmark: _Toc13780][bookmark: _Toc31892]8.3.5B	Inter-gNB CLI scheme 5B: Power Control scheme based on UE Tx Power Adjustment
[bookmark: _Toc23652][bookmark: _Toc9727]8.3.5B.1	Reference scheme for performance comparison
· Source 1 (Nokia, NSB) 
· Dynamic TDD baseline operation.
· Source 2 (Qualcomm) 
· Dynamic TDD with same UL power control parameters for slots with CLI (asynchronous slots) and slots without CLI (synchronous slots).
[bookmark: _Toc30180][bookmark: _Toc16750]8.3.5B.2	Proposed Scheme
· Source 1 (Nokia, NSB) 
· UE Tx power optimization to improve the UL SINR condition on the victim gNBs
· Source 2 (Qualcomm) 
· Different UL power control parameters for slots with CLI and slots without CLI. 
[bookmark: _Toc28049][bookmark: _Toc23476]8.3.5B.3	Performance evaluation or analysis

[bookmark: _Toc15351][bookmark: _Toc26390]8.3.5B.4	Specification impact of the proposed scheme
· Source 1 (Nokia, NSB) 
· Indication of specific open loop power control parameters is supported since URLLC studies for dynamic grant scheduling. 
· Other UL signals do not support such flexibility and specifications changes can be discussed
· Source 2 (Qualcomm) 
· Different UL power control mechanisms (both closed-loop and open-loop) for slots with CLI and without CLI. 

[bookmark: _Toc28548][bookmark: _Toc4520][bookmark: _Toc134691800]8.4	Inter-UE CLI handling schemes
Editor's note: This section captures the potential inter-UE CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD, as well as performance evaluation/analysis, observations and RAN1 specification impacts for each scheme.
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:
· 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

RAN1 deprioritized the discussion on sensing-based mechanism (i.e. LBT) and 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.

[bookmark: _Toc126680969][bookmark: _Toc31631][bookmark: _Toc22975][bookmark: _Toc134691801]8.4.1	UE-to-UE co-channel CLI measurement and reporting
8.4.1.1	Description
RAN1 studies 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 followings are included:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB

For UE-to-UE co-channel CLI measurement, reusing existing channel(s)/signal(s)/measurement resource(s) is considered as baseline. For example, SRS resources defined in Rel-16 for SRS-RSRP measurement, CLI-RSSI resources defined in Rel-16 for CLI-RSSI measurement can be considered. 
· FFS potential enhancements

For UE-to-UE co-channel CLI handling, L1/L2 based UE-to-UE CLI measurement and reporting is studied:
· Note: Accounting for UE processing/reporting delay – companies to share their assumptions
· Note: Proponents are encouraged to provide the mechanism of L1/L2 based CLI measurement and reporting, and to provide the benefits of L1/L2 based CLI measurement and reporting compared with existing L3 CLI/CSI measurement and report with evaluation result
· Note: Accounting for information exchange delay between gNBs (if applicable)

For the purpose of UE-to-UE CLI mitigation, the following potential enhancements are considered:
· For L1/L2 UE-to-UE CLI reporting, periodic, semi-persistent, aperiodic or event triggered reporting.
· For L1/L2 UE-to-UE CLI measurement, periodic, semi-persistent, or aperiodic measurement resource.

For L1/L2 based UE-to-UE CLI measurement, SRS-RSRP and CLI-RSSI are to be further studied as baseline metrics.

For the study of L1/L2 based UE-to-UE co-channel CLI measurement, measurement resource for CLI-RSSI measurement as defined in Rel-16 and SRS resource for SRS-RSRP measurement as defined in Rel-16 can be considered. Enhancement of measurement resource can be studied.  

For L1/L2 based UE-to-UE co-channel CLI measurement and reporting mechanism, the following measurement and report framework are studied.
· Use existing CSI framework as the baseline.
· Others are not precluded.

8.4.1.2	Performance evaluation or analysis
From the study of UE-to-UE co-channel CLI measurement and reporting, followings are observed:
· The L1/L2 based UE-to-UE CLI measurement can be optimized for short term interference measurement
· The L1/L2 based UE-to-UE CLI measurement can be optimized for low latency 
· The L1/L2 based UE-to-UE CLI measurement and reporting can facilitate gNB adjusting UE scheduling for inter-UE CLI reduction
Above does not imply that L3 based measurement and reporting cannot be used for similar purposes.

8.4.1.3	Specification impact


8.4.2	Coordinated scheduling for time/frequency resources between gNBs
8.4.2.1	Description
RAN1 studies 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. In the study, at least followings are included:
· Details of coordinated scheduling for time/frequency resources
· Relevant information exchange (if needed)

8.4.2.2	Performance evaluation or analysis

8.4.2.3	Specification impact


8.4.3	Spatial domain coordination method
8.4.3.1	Description
RAN1 studies 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. In the study, at least followings are included:
· Details for spatial domain coordination by gNB
· Relevant information exchange (if needed)
Note: Study can include method for FR1 and FR2

8.4.3.2	Performance evaluation or analysis

8.4.3.3	Specification impact


8.4.4	UE and gNB transmission and reception timing
8.4.4.1	Description
For UE-to-UE co-channel CLI measurement, RAN1 studies the impact on system performance because of CLI measurement inaccuracy at victim UE due to misalignment between DL reception timing at victim UE of DL channel/signal transmitted from serving gNB and DL reception timing at victim UE of CLI measurement resource transmitted from aggressor UE(s).

8.4.4.2	Performance evaluation or analysis

8.4.4.3	Specification impact


8.4.5	Power control based solution
8.4.5.1	Description
For UE-to-UE co-channel CLI handling, it is studied whether/how to enhance UL power control mechanism. In the study, existing UL power control mechanism is assumed as baseline.

8.4.5.2	Performance evaluation or analysis

8.4.5.3	Specification impact
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