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[bookmark: _Hlk155342702]In RAN1#116 meeting [1], progress has been made on CLI handling with the following agreements and conclusions achieved. 
	High-level discussions for CLI handling
Conclusion
For the down-selection of gNB-to-gNB co-channel CLI handling schemes and UE-to-UE co-channel CLI handling schemes, at least the following aspects should be considered:
· Applicable scenario, performance benefits based on analysis and/or demonstrated by evaluations for SBFD
· Note: Companies are encouraged to provide more simulation results for SBFD to RAN1#116bis based on the simulation assumptions agreed during the SI.
· Specification impact in RAN1 and RAN3.
· gNB/UE implementation complexity.
· Operational details of the scheme including feasibility and practicability.

gNB-to-gNB co-channel CLI handling schemes
Agreement
Consider the following candidate gNB-to-gNB co-channel CLI handling schemes for further down-selection
· gNB-to-gNB co-channel CLI and/or channel measurements
· Spatial domain based schemes	
· Beam nulling
· Beam pairing
· Coordinated scheduling in time and/or frequency
· Power control based schemes	
· gNB Tx power control
· UE Tx power control
Note: gNB-to-gNB co-channel CLI and/or channel measurements can be the enablers for some of the above CLI handling schemes.

Agreement
gNB Tx power control based schemes are not considered in the down-selection of gNB-to-gNB co-channel CLI handling schemes.

UE-to-UE co-channel CLI handling schemes
Agreement
Consider the following candidate UE-to-UE co-channel CLI handling schemes for further down-selection
· UE-to-UE co-channel CLI measurement and reporting
· Coordinated scheduling in time and/or frequency
· Spatial domain based schemes
· Power control based schemes
· Note: UE-to-UE co-channel CLI measurement and reporting can be the enablers for some of the above CLI handling schemes.

Agreement
For SBFD aware UEs, CLI measurements is performed within the active DL BWP and the following can be considered
· Method#1: UE measures RSSI within DL subband
· Method#2: UE measures RSRP of aggressor UE within UL subband
· Method#3: UE measures RSSI within UL subband
· Method#4: UE measures RSSI within guard band, if guard band exists
Note: If DL subband, UL subband or guard band is outside the active DL BWP, the above methods does not apply.
Note: Method#4 does not imply that guard band is explicitly configured.


For future meetings:
Companies are to refer to Proposal 2-2a (gNB-gNB CLI handling) and Proposal 3-2a (UE to UE CLI handling) in R1-2401635 for future meetings. Companies are encouraged to provide additional details on potential spec impact and operational details of their preferred CLI handling scheme for further down-selection in RAN1#116bis.


In this contribution, the enhancements for CLI handling will be discussed, including gNB-to-gNB co-channel CLI handling schemes and UE-to-UE co-channel CLI handling schemes.
gNB-to-gNB co-channel CLI handling schemes
In RAN1#116 meeting [1], FL suggested to refer to Proposal 2-2a (gNB-gNB CLI handling) in R1-2401635 for further discussion in this meeting.
	Proposal 2-2a in R1-2401635
	gNB-to-gNB co-channel CLI handling schemes
	Potential specification impact
	Performance evaluation
	Operational details

	Spatial domain based schemes
	Beam nulling
	· Reference signals for channel measurement
· Information exchange of measurement resource configuration (NZP CSI-RS) 
· Information exchange of channel measurement
· Information exchange of CLI-mitigation request
	Section 7.4.2.1.3 of TR 38.858:
-	Aggressor gNB Tx beam nulling based on gNB-gNB channel measurement has lower or similar mean and 5% DL Average-UPT for all load levels. 
-	Aggressor gNB Tx beam nulling based on gNB-gNB channel measurement has higher or similar mean and 5% UL Average-UPT for all load levels.

Section 3.1.3.2 from R1-2400302 [2]
Observation 4: Beam nulling can significantly reduce the co-channel blocking interference by more than 10 dB. 
Observation 5: Beam nulling can bring clear UL UPT gain for cell edge UEs for all RU cases for both SBFD and dynamic TDD. 
	· Beneficial to reduce blocking
· Two possible measurement procedures
· Alt.1: Victim gNB A performs measurement on the RS transmitted from aggressor gNB B and feedback the channel information to the aggressor gNB A.
· Alt.2: Aggressor gNB A performs measurement on the RS transmitted from victim gNB B. The aggressor gNB can use the victim-to-aggressor channel information for beam nulling
· Potential DL performance degradation due to loss of degrees of freedom in spatial domain
· Signaling overhead of exchanging channel measurement
· For steering vector based beam nulling, aggressor gNB estimates the angles towards victim gNBs and performs nulling towards those angles.

	
	Beam pairing
	· Information exchange of measurement resource configuration (NZP CSI-RS/NCD-SSB)
· Information exchange of DL beam indication
· Information exchange of preferred/restricted DL beam information and associated resource configuration
	No evaluations for SBFD
	· Mainly applicable to FR2
· Signaling overhead and latency of information exchange over non-ideal backhaul and its impact on performance
· Potential restriction on gNB scheduler implementation 

	gNB-to-gNB co-channel CLI and/or channel measurement
	· Non-transparent UL resource muting, e.g., comb-2 RE-level or RB level UL resource muting pattern for PUSCH including indication of the muting pattern, potential impact on PUSCH rate-matching and power allocation, collision handling with DMRS/PTRS
· Information exchange of channel measurement
· Reference signals for channel measurement
· Information exchange of measurement resource configuration (NZP CSI-RS/NCD-SSB)
· Information exchange of DL beam indication
· Information exchange of preferred/restricted DL beam information and associated resource configuration
	Section 7.4.2.2.3 of TR38.858
-	Non-Transparent UL resource muting based IRC assuming UL OH: 1 symbol and DL OH: 1 symbol has similar mean DL Average-UPT for low and medium load level, lower mean DL Average-UPT for high load level and higher or similar 5% DL Average-UPT for all load levels. 
-	Non-Transparent UL resource muting based IRC assuming UL OH: 1 symbol and DL OH: 1 symbol has higher mean UL Average-UPT and similar 5% UL Average-UPT for all load levels.
	· Beneficial for leakage interference suppression 
· Increase UE implementation complexity, e.g. rate matching, power allocation
· Increased PAPR for DFT-S-OFDM for some UL resource muting patterns
Note: If gNB-to-gNB co-channel CLI and/or channel measurement is used as an enabler for spatial domain based schemes, the operational details for those schemes also applies. 

	Coordinated scheduling in time and/or frequency
	· Information exchange of semi-static SBFD time and frequency configuration
· OTA gNB-to-gNB signaling to exchange dynamic scheduling information, e.g. L1 priority
	No evaluations for SBFD
	· The knowledge among gNBs of semi-static SBFD time and frequency configuration can be beneficial depending on gNB implementation
· Coordinated scheduling in time and frequency domain is only possible at low and medium loads
· Signaling overhead and latency of information exchange over non-ideal backhaul and its impact on performance

	Power control based schemes
	UE Tx power control
	· Separate power control parameters in SBFD and non-SBFD symbols
· Apply different UE TX power with/without CLI. UE boost TX power when gNB-gNB CLI is expected.
	Section 2.2.1 from R1-2401296 
Performance evaluation on uplink SINR is provided when adopting uplink power boosting for gNB-to-gNB CLI handling. SBFD slots achieve better uplink SINR with increasing power offset. With a power offset of 10 dB, both SBFD and non-SBFD slots achieve similar uplink SINR. The improvement in uplink SINR due to uplink power boosting results in higher average uplink UPT. Throughput gain of approximately 25% can be achieved when the power offset is equal to 10 dB. The specific required power offset will be difference to different scenarios.

Section 3.1.3.3 from R1-2400302
Observation 6: Power control based solution by increasing the UL transmission power in the sub-band slot can obtain up to 38.7% UL UPT gain for cell edge UEs.
	· Potential impact to DL performance when UL UE is adjacent to UE with DL scheduling
· Same specification impact if separate power control for PUSCH for SBFD and non-SBFD is supported in 9.3.1





Scheme#1: Spatial domain based schemes
Beam nulling


[bookmark: _Ref131626829]Figure 1. Illustration of gNB Tx-Beam Nulling.
We think the main purpose of gNB Tx-Beam Nulling for SBFD is to handle the receiver blocking issue at victim gNB. As shown in Figure 2 (follow TR 38.858), the BS noise figure can be modelled as piece wise linear based on the total received power (P), wherein, the linear value of total received power is the linear sum of all received power, including wanted signal, co-channel and adjacent-channel UE-gNB interference, self-interference, co-channel and adjacent-channel co-site inter-sector interference and co-channel and adjacent-channel inter-site gNB-gNB interference. As a principal component of the total received power (P), the inter-site gNB-gNB co-channel inter-subband CLI may increase the BS noise figure, and even cause the receiver blocking issue at the victim gNB especially when sub-band RF filter is not applied. Thus, gNB Tx-Beam Nulling scheme can be used to avoid the BS blocking issue and reduce BS noise figure.
[image: ]
[bookmark: _Ref157603578]Figure 2. BS noise figure model.
Observation 1: gNB Tx-Beam Nulling scheme is beneficial to reduce receiver blocking issue at victim BS especially when sub-band RF filter is not applied. 
Proposal 1: For gNB-to-gNB co-channel CLI handling, support specification enhancement of gNB Tx-Beam Nulling scheme.



  
(a) Alt.1 (victim measures channel)					(b) Alt. 2 (aggressor measures channel)
[bookmark: _Ref157460300]Figure 3. Measurement & information exchange procedure.
To enable gNB Tx-Beam Nulling scheme, the aggressor gNB needs to obtain the channel information between it and the victim gNB. Two possible measurement procedures can be considered:
· Alt.1 (victim measures channel): gNB A (e.g., victim gNB) performs measurement on the RS transmitted from gNB B (e.g., aggressor gNB) and feedback the channel information to gNB B.
· as shown in Figure 3 (a), gNB B (e.g., aggressor gNB) transmits RS for gNB-gNB channel measurement, and gNB A (e.g., victim gNB) performs channel measurement and get the channel information from gNB B to gNB A. The gNB A informs the measured channel information to gNB B and requests for gNB-gNB CLI mitigation via backhaul. In response to the request, gNB B performs Tx-Beam Nulling scheme based on the exchanged channel information.
· Alt.1 requires more information exchange between gNBs. For example, the following information needs to be exchanged between gNBs for Alt.1. Details needs further study.
· Configuration of the reference signals for gNB-gNB channel measurement: gNB A (e.g., victim gNB) may obtain the RS configuration of gNB B (e.g., aggressor gNB) via OAM configuration, or via backhaul signalling from gNB B to gNB A.
· Requests for gNB-gNB CLI mitigation via backhaul signalling from the gNB A to gNB B.
· Channel information feedback (e.g., gNB-to-gNB CLI interference covariance matrix) via backhaul signalling from gNB A to gNB B.
· Alt.2 (aggressor measures channel): gNB A (e.g., aggressor gNB) performs measurement on the RS transmitted from gNB B (e.g., victim gNB).
· As shown in Figure 3 (b), gNB B (e.g., victim gNB) transmits RS for gNB-gNB channel measurement, and gNB A (e.g., aggressor gNB) performs channel measurement and derive the channel information from gNB A to gNB B based on TDD channel reciprocity. gNB B requests for gNB-gNB CLI mitigation via backhaul. In response to the request, gNB A performs Tx-Beam Nulling scheme based on its measured channel information.
· Alt.2 requires less information exchange between gNBs. For example, the following information needs to be exchanged between gNBs for Alt.2.
· Configuration of the reference signals for gNB-gNB channel measurement: gNB A (e.g., aggressor gNB) may obtain the RS configuration of gNB B (e.g., victim gNB) via OAM configuration, or via backhaul signalling from gNB B to gNB A.
· Requests for gNB-gNB CLI mitigation via backhaul signalling from gNB B to gNB A.
· Nevertheless, as shown in Figure 4 (a), if separate-Tx/Rx antenna array is used in SBFD gNB and if both gNB A (e.g., aggressor gNB) and gNB B (e.g., victim gNB) always use one antenna panel for transmission and the other one for reception, Beam Nulling performance may be degraded due to channel reciprocity impairment, i.e., the channel matrix  from the victim gNB to the aggressor gNB measured via RS is deviated from the channel matrix  of gNB-gNB CLI from the aggressor gNB to the victim gNB. However, if we can change the antenna panel mapping relationship for transmission and reception, channel reciprocity can be expected. For example, as shown in Figure 4 (b), in DL symbol, two operation modes are considered, i.e., (1) in working mode, the bottom antenna panel for both gNB A (e.g., aggressor gNB) and gNB B (e.g., victim gNB) are used for DL transmission, and (2) in gNB-gNB channel measurement mode (maybe with very low frequency), victim gNB uses the upper antenna panel for RS transmission, and the aggressor gNB uses the bottom antenna panel for gNB-gNB channel measurement, then we can expect good channel reciprocity.

 
(a) channel reciprocity impairment


(b) changing of antenna panel mapping relationship in different modes
[bookmark: _Ref163029067]Figure 4. Channel reciprocity for separate-Tx/Rx antenna array configuration.

Proposal 2: For gNB Tx-Beam Nulling scheme for SBFD, further study below two possible measurement procedures:
· Alt.1: gNB A (e.g., victim gNB) performs measurement on the RS transmitted from gNB B (e.g., aggressor gNB) and feedback the channel information to gNB B.
· gNB B (e.g., aggressor gNB) transmits RS for gNB-gNB channel measurement, and gNB A (e.g., victim gNB) performs channel measurement and get the channel information from gNB B to gNB A. The gNB A informs the measured channel information to gNB B and requests for gNB-gNB CLI mitigation via backhaul. In response to the request, gNB B performs Tx-Beam Nulling scheme based on the exchanged channel information.
· The following information is exchanged between gNBs for Alt.1. FFS details:
· Configuration of the reference signals for gNB-gNB channel measurement: gNB A (e.g., victim gNB) may obtain the RS configuration of gNB B (e.g., aggressor gNB) via OAM configuration, or via backhaul signalling from gNB B to gNB A.
· Requests for gNB-gNB CLI mitigation via backhaul signalling from the gNB A to gNB B.
· Channel information feedback (e.g., gNB-to-gNB CLI interference covariance matrix) via backhaul signalling from gNB A to gNB B.
· Alt.2 (aggressor measures channel): gNB A (e.g., aggressor gNB) performs measurement on the RS transmitted from gNB B (e.g., victim gNB).
· gNB B (e.g., victim gNB) transmits RS for gNB-gNB channel measurement, and gNB A (e.g., aggressor gNB) performs channel measurement and derive the channel information from gNB A to gNB B based on TDD channel reciprocity. gNB B requests for gNB-gNB CLI mitigation via backhaul. In response to the request, gNB A performs Tx-Beam Nulling scheme based on its measured channel information.
· The following information is exchanged between gNBs for Alt.2. FFS details:
· Configuration of the reference signals for gNB-gNB channel measurement: gNB A (e.g., aggressor gNB) may obtain the RS configuration of gNB B (e.g., victim gNB) via OAM configuration, or via backhaul signalling from gNB B to gNB A.
· Requests for gNB-gNB CLI mitigation via backhaul signalling from gNB B to gNB A.
· Note: If separate-Tx/Rx antenna array is used in SBFD gNB, and if both aggressor gNB and victim gNB always use one antenna panel for transmission and the other one for reception, Beam Nulling performance may be degraded due to channel reciprocity impairment. However, if the antenna panel mapping relationship for transmission and reception can be changed, good channel reciprocity is expected.

In the above two procedures, no matter who performs channel measurement, one gNB (gNB B) may transmit RS in UL subband or in DL subband, as shown in Figure 5.
· However, it is clearly mentioned in the WID that UL transmissions is only allowed within UL subband. Therefore, our understanding is that transmission of RS in UL subband by gNB is not allowed as shown in Figure 5 (a).
· Instead, as shown in Figure 5 (b), it is possible for one gNB to transmit RS for gNB-gNB CLI measurement in DL subband, and the RS can be measured by the other gNB in DL subband. In this case, the gNB to performance channel measurement needs to mute its DL transmission in some symbols to measure the RS from the other gNB. 


       
(a) RS in UL subband								(b) RS in DL subband
[bookmark: _Ref157499213]Figure 5. S location for gNB-gNB CLI measurement.
Proposal 3: For gNB Tx-Beam Nulling scheme for SBFD, the RS for gNB-gNB CLI should be transmitted and measured in DL subband.

gNB Tx-Beam Nulling scheme may degrade DL performance due to loss of degrees of freedom in spatial domain.
Observation 2: gNB Tx-Beam Nulling scheme may degrade DL performance due to loss of degrees of freedom in spatial domain.

Steering vector based beam nulling method, i.e., aggressor gNB estimates the angles towards victim gNBs and performs nulling towards those angles, is also evaluated in Rel-18 SI. Nevertheless, CLI mitigation performance may be degraded in NLOS rich environment. Thus, compared with steering vector based beam nulling method, channel measurement based beam nulling method can be studied with higher priority.
Proposal 4: Compared with steering vector based beam nulling method, channel measurement based beam nulling method can be studied with higher priority.

Regarding potential specification impact for beam nulling, the following are captured in proposal 2-2a (gNB-gNB CLI handling) in R1-2401635:
· Reference signals for channel measurement
· Information exchange of measurement resource configuration (NZP CSI-RS) 
· Information exchange of channel measurement
· Information exchange of CLI-mitigation request

Regarding reference signals for channel measurement for gNB Tx-Beam Nulling, SSB is not feasible since SSB is transmitted with beamforming. Instead, NZP CSI-RS can be considered as the RS for gNB-gNB channel measurement.
Furthermore, according to the latest NR specification, NZP CSI-RS can be configured with up to 32 ports. However, lots of macro gNBs in the field are equipped with 64 antenna ports and 192 antenna elements. Thus, CSI-RS port expansion to support up to 128 ports can be further studied. Noted that CSI resource with up to 128 ports will be specified in Rel-19 MIMO enhancements. We can follow any progress in Rel-19 MIMO enhancements.
Proposal 5: Regrading the reference signals for gNB-gNB channel measurement for gNB Tx-Beam Nulling, NZP CSI-RS can be used. CSI-RS port expansion with up to 128 ports can be further studied.

To support channel measurement based beam nulling method, information exchange of measurement resource configuration (NZP CSI-RS) is needed.
Proposal 6: Support information exchange of measurement resource configuration (NZP CSI-RS) for gNB-gNB channel measurement for gNB Tx-Beam Nulling.

Regarding whether information exchange of channel measurement is needed or not is up to the possible measurement procedures as discussed above. For Alt.1, information exchange of channel measurement is needed, and for Alt.2, information exchange of channel measurement is not needed.
Observation 3: Whether information exchange of channel measurement is needed or not is up to the possible measurement procedures. For Alt.1, information exchange of channel measurement is needed, and for Alt.2, information exchange of channel measurement is not needed.

As discussed above, the victim gNB can send a message to the aggressor gNB to request for on-demand gNB-gNB CLI mitigation.
Proposal 7: Support information exchange of CLI-mitigation request from the victim gNB to the aggressor gNB to trigger on-demand CLI mitigation.
Beam pairing
Similar to gNB Tx-Beam Nulling scheme, beam paring between gNBs can be used to handle the BS receiver blocking issue especially for FR2. Thus, we support specification enhancement for beam paring between gNBs, but the detailed schemes need to be discussed. 
Proposal 8: For gNB-to-gNB co-channel CLI handling, support specification enhancement for beam paring between gNBs.

Regarding potential specification impact for beam paring, the following are captured in proposal 2-2a (gNB-gNB CLI handling) in R1-2401635:
· Information exchange of measurement resource configuration (NZP CSI-RS/NCD-SSB)
· Information exchange of DL beam indication
· Information exchange of preferred/restricted DL beam information and associated resource configuration

Regarding reference signals for channel measurement for beam paring, CD-SSB as the RS for gNB-gNB channel measurement is not feasible, since in the commercial network all the gNBs share the same CD-SSB configuration, and it is not desirable to mute any CD-SSB transmission. Instead, it is preferred to reuse NZP CSI-RS and NCD-SSB for gNB-gNB CLI measurement. 
Proposal 9: Regrading the reference signals for gNB-gNB CLI measurement for beam paring, NZP CSI-RS and NCD-SSB can be used.

To support beam paring, information exchange of measurement resource configuration (NZP CSI-RS/NCD-SSB) is needed.
Proposal 10: Support information exchange of measurement resource configuration (NZP CSI-RS/NCD-SSB) for gNB-gNB CLI measurement for beam paring.

Based on gNB-gNB CLI measurement result, the following two procedures can be considered:
· Alt 1: the aggressor gNB may inform its intended DL beam indication, and the victim gNB applies proper Rx beam to avoid interference from the aggressor gNB.
· Alt 2: the victim gNB may claim its preferred/restricted DL beam information and the associated resource configuration, and the aggressor gNB applies proper DL beam to avoid interference to the victim gNB.
Proposal 11: For beam paring between gNBs, further study the following procedures:
· Alt 1: the aggressor gNB informs its intended DL beam indication, and the victim gNB applies proper Rx beam to avoid interference from the aggressor gNB.
· Alt 2: the victim gNB claims its preferred/restricted DL beam information and the associated resource configuration, and the aggressor gNB applies proper DL beam to avoid interference to the victim gNB.

[bookmark: _Hlk162990877]Scheme#2: Coordinated scheduling in time and/or frequency
Regarding time/frequency domain based solutions, the followings are captured in TR 38.858.
	8.3.2A	Inter-gNB CLI scheme 2A: Time domain scheme using UL slot(s) aligned between gNBs
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.

8.3.2B	Inter-gNB CLI scheme 2B: Frequency domain coordination scheme
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].


It is clear that the time/frequency domain based coordinated scheduling scheme is beneficial for dynamic/flexible TDD. However, whether the time/frequency domain based coordinated scheduling scheme is also beneficial for SBFD needs further discussion.
For SBFD Deployment Case 1 (Non-coexistence case with single SBFD subband configuration), we don’t support time/frequency domain based coordinated scheduling scheme since all gNBs share the same SBFD configuration, and further muting DL subband or UL subband will degrade network performance.
Observation 4: The time/frequency domain based coordinated scheduling scheme cannot be used for SBFD Deployment Case 1 (Non-coexistence case with single SBFD subband configuration).

For SBFD Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations), the time/frequency domain based coordinated scheduling scheme seems useful. However, we think SBFD Deployment Case 2 is out of the WID scope of Rel-19 SBFD. It was deprioritized in Rel-18 SI.
Observation 5: SBFD Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations) is out of the WID scope of Rel-19 SBFD.

For SBFD Deployment Case 3 (Co-channel co-existence for semi-static SBFD and legacy static TDD), the time/frequency domain based coordinated scheduling scheme is beneficial. SBFD gNB may need to know static TDD configuration of the neighbour legacy TDD gNB, and the legacy TDD gNB may also need to know the semi-static SBFD time and frequency configuration of the neighbour SBFD gNB. Thus, information exchange of semi-static SBFD time and frequency configuration between SBFD gNB and the legacy TDD gNB can be further studied.
Observation 6: The time/frequency domain based coordinated scheduling scheme is beneficial for SBFD Deployment Case 3 (Co-channel co-existence for semi-static SBFD and legacy static TDD).
[bookmark: _Hlk163056253]Proposal 12: To enable time/frequency domain based coordinated scheduling scheme for SBFD Deployment Case 3 (Co-channel co-existence for semi-static SBFD and legacy static TDD), information exchange of semi-static SBFD time and frequency configuration between SBFD gNB and the legacy TDD gNB can be further studied.

For SBFD Deployment Case 4 (Adjacent-channel co-existence case), time/frequency domain based coordinated scheduling between operators seems impossible.
Observation 7: The time/frequency domain based coordinated scheduling scheme cannot be used for SBFD Deployment Case 4 (Adjacent-channel co-existence case).

To enable time/frequency domain based coordinated scheduling scheme for SBFD Deployment Case 3 (Co-channel co-existence for semi-static SBFD and legacy static TDD), the victim gNB (e.g., indoor SBFD Pico) may performs gNB-gNB CLI measurement on the RS transmitted from the aggressor gNB (e.g., outdoor TDD Macro). Thus, information exchange of gNB-gNB CLI measurement resource configuration can be considered. 
Proposal 13: To enable time/frequency domain based coordinated scheduling scheme for SBFD Deployment Case 3 (Co-channel co-existence for semi-static SBFD and legacy static TDD), information exchange of gNB-gNB CLI measurement resource configuration can be further studied.

For time/frequency domain based coordinated scheduling scheme, the motivation of information exchange of dynamic scheduling information over OTA gNB-to-gNB signalling is not clear.
Observation 8: For time/frequency domain based coordinated scheduling scheme, the motivation of information exchange of dynamic scheduling information over OTA gNB-to-gNB signalling is not clear.

Scheme#3: Power control based schemes
It was agreed in RAN1#116 meeting [1] that gNB Tx power control based schemes are not considered in the down-selection of gNB-to-gNB co-channel CLI handling schemes. Nevertheless, UE Tx power control based scheme can be further studied.
Regarding potential specification impact for UE Tx power control based schemes, the following are captured in proposal 2-2a (gNB-gNB CLI handling) in R1-2401635:
· Separate power control parameters in SBFD and non-SBFD symbols
· Apply different UE TX power with/without CLI. UE boost TX power when gNB-gNB CLI is expected.
Regarding the first bullet, we think both open loop and closed loop parameters and procedures separately for SBFD and non-SBFD symbols can be considered.
Regarding the second bullet, we think the CLI interference level in SBFD slots changes dynamically, and it is hard to let UE know which SBFD slot is with CLI and which SBFD slot is without CLI.
Proposal 14: For UE Tx power control based gNB-to-gNB co-channel CLI handling schemes, both open loop and closed loop parameters and procedures separately for SBFD and non-SBFD symbols can be considered.
· Note: any specification impact can be discussed in AI 9.3.1
gNB-to-gNB co-channel CLI and/or channel measurement
General
In our view, gNB-to-gNB co-channel CLI and/or channel measurement is an enabler for other gNB-gNB CLI handling schemes, e.g., beam nulling, beam pairing, coordinated scheduling in time and/or frequency, etc., and the specification impacts for different gNB-gNB CLI handling schemes may be different.
For example, as discussed in the former subsections,
· For gNB Tx-Beam Nulling,
· NZP CSI-RS can be used as the reference signals for gNB-gNB channel measurement
· information exchange of measurement resource configuration (NZP CSI-RS) for gNB-gNB channel measurement is needed
· information exchange of channel measurement is needed for measurement procedures Alt.1. i.e., gNB A (e.g., victim gNB) performs measurement on the RS transmitted from gNB B (e.g., aggressor gNB) and feedback the channel information to gNB B
· For beam paring between gNBs,
· NZP CSI-RS and NCD-SSB can be used as the reference signals for gNB-gNB CLI measurement
· information exchange of measurement resource configuration (NZP CSI-RS/NCD-SSB) for gNB-gNB CLI measurement is needed
· information exchange of DL beam indication can be considered for Alt.1, i.e., the aggressor gNB informs its intended DL beam indication, and the victim gNB applies proper Rx beam to avoid interference from the aggressor gNB.
· information exchange of preferred/restricted DL beam information and associated resource configuration can be considered for Alt.2, i.e., the victim gNB claims its preferred/restricted DL beam information and the associated resource configuration, and the aggressor gNB applies proper DL beam to avoid interference to the victim gNB.
· For coordinated scheduling in time and/or frequency,
· information exchange of gNB-gNB CLI measurement resource configuration (e.g., 1 port NZP CSI-RS) can be further studied
Observation 9: gNB-to-gNB co-channel CLI and/or channel measurement is an enabler for other gNB-gNB CLI handling schemes, e.g., beam nulling, beam pairing, coordinated scheduling in time and/or frequency, etc., and the specification impacts for different gNB-gNB CLI handling schemes are different.
UL resource muting at victim gNB side
As shown in Figure 6 as an example, UL resource muting at victim gNB side is useful to accurately estimate the interference covariance matrix, which consists of noise, legacy UE-gNB interference and gNB-gNB CLI, i.e., gNB may accurately estimate the interference covariance matrix on the muting REs.
Considering PDCCH and PDSCH have different resource allocation and beam forming, it is preferred to reserve the UL muting resources which are overlapped with both PDCCH and PDSCH in time domain.


[bookmark: _Ref156853415]Figure 6. Illustration of UL resource muting at victim gNB side.
As shown in Figure 7, both transparent and non-transparent UL resource muting approaches can be considered.
· Transparent UL resource muting approach:
· Example A: symbol level muting, e.g., two full symbols are reserved via gNB scheduling.
· PUSCH mapping type B 
· SLIV: S = 1 and L = 12.
· Example B: RE level muting via DMRS configuration, e.g., partial REs of two symbols are reserved via DMRS configuration, and some DMRS ports are not used for DMRS transmission but for interference covariance matrix estimation by victim gNB.
· PUSCH mapping type B
· SLIV: S = 0, L = 14
· dmrs-AdditionalPosition = ’pos1’
· dmrs-Type = ’type1’
· Number of DMRS CDM group(s) without data = 2
· Non-transparent UL resource muting approach:
· Example C: RE level muting via predefined patterns, e.g., define non-transparent UL muting resource patterns including its time and frequency location.


[bookmark: _Ref156854503]Figure 7. Transparent and non-transparent UL resource muting examples.
Regarding the above approaches, the transparent UL resource muting approach with less or no specification impact is preferred, and legacy DMRS configuration based RE level muting scheme with less overhead can be considered as a starting point.
Proposal 15: For gNB-to-gNB co-channel CLI handling, UL resource muting scheme at victim gNB side can be further studied, and the transparent UL resource muting approach based on legacy DMRS configuration can be considered as a starting point.
UE-to-UE co-channel CLI handling schemes
Overview of the UE-to-UE CLI handling schemes
In the last RAN1 meeting, the following agreement and guidance were made for the UE-to-UE CLI handling schemes [1].
	Agreement
Consider the following candidate UE-to-UE co-channel CLI handling schemes for further down-selection
· UE-to-UE co-channel CLI measurement and reporting
· Coordinated scheduling in time and/or frequency
· Spatial domain based schemes
· Power control based schemes
· Note: UE-to-UE co-channel CLI measurement and reporting can be the enablers for some of the above CLI handling schemes.
For future meetings:
Companies are to refer to Proposal 2-2a (gNB-gNB CLI handling) and Proposal 3-2a (UE to UE CLI handling) in R1-2401635 for future meetings. Companies are encouraged to provide additional details on potential spec impact and operational details of their preferred CLI handling scheme for further down-selection in RAN1#116bis.


Proposal 3-2a in R1-2401635
	UE-to-UE co-channel CLI handling schemes
	Potential specification impact
	Performance evaluations
	Operational details

	Coordinated scheduling in time and/or frequency
	· Information exchange of semi-static SBFD time and frequency configuration
· Information exchange on SRS configuration
· Information exchange of UE timing information
· L1/L2 based UE-to-UE co-channel CLI measurement and reporting
· Measurement resources
· Periodic, semi-persistent, or aperiodic, e.g., SRS, CLI-RSSI measurement resources, CLI-IMR, CSI-IM
· Reference signals for measurement, e.g., Periodic, semi-persistent, or aperiodic with dedicated usage for CLI measurement 
· Measurement reporting
· Periodic, semi-persistent, aperiodic and event-triggered reporting on PUCCH/PUSCH
· Reporting quantity, e.g., SRS-RSRP, CLI-RSSI, CQI, L1-SINR, RS indexes, L1-RSRP
· UCI bits generation including ordering and multiplexing with other types of UCI
· Subband CLI reporting (Similar to subband CSI)
· UCI omission rule 
· Priority for overlapping handling
· CSI processing unit and CPU occupation rule.
· Timeline and related UE behaviors
· Triggering mechanism for measurement and reporting
	Section 7.4.3 of TR 38.858
Coordinated scheduling based on L3 UE-UE CLI measurement has similar DL average-UPT gain compared to coordinated scheduling based on L1 UE-UE CLI measurement for all load levels.

Section 2.2.1 of R1-2400689 [11]
The use of a L1/L2 measurement and reporting (Scheme 2) provides the gNB with a more accurate picture of current UE-to-UE CLI, allowing the gNB to carefully select an optimal pairing of downlink and uplink UEs that minimizes the impact of UE-to-UE CLI on downlink UEs. This in turn improves downlink performance when compared to Scheme 1 – loss drops from 38% to 15.5% for low load, and from 47% to 28% for medium load, respectively.  
	· Coordinated scheduling in time and frequency domain has a larger potential at low and medium loads
· L1/L2 based UE-to-UE CLI measurement can be optimized for short term interference measurement and low latency 
· The above does not imply that L3 based measurement and reporting cannot be used for similar purposes.

	Spatial domain based schemes
	Tx/Rx beam configuration can be configured for the L1/L2/L3 based UE-to-UE CLI measurement 
	No evaluation results for SBFD
	· Implementing spatial domain coordination for UE-to-UE CLI may increase measurement complexity. 
· The effectiveness of the coordination method can vary based on user mobility and channel variation.

	Power control based schemes
	· Separate power control parameters in SBFD and non-SBFD symbols
· gNB indicate UE to reduce TX power of the UL UE which is adjacent to the DL scheduling UE. UE TX power is upper-limited to reduce CLI.
	No evaluation results for SBFD
	· Potential impact to UL performance
· Same specification impact if separate power control for PUSCH for SBFD and non-SBFD is supported in 9.3.1
· Different UE TX power for w/wo CLI by gNB scheduling
· UE PHR report considering CLI  

	UE-to-UE co-channel CLI measurement and reporting
	Note: The potential specification impact listed for coordinated scheduling in time and/or frequency also applies here. 
	Note: The evaluations results are provided for coordinated scheduling in time and/or frequency.
	Note: The operation details listed for coordinated scheduling in time and/or frequency also applies here.


Note: The above does not imply that all listed potential specification impacts for a given CLI handling scheme will be specified.
Among the candidate UE-to-UE co-channel CLI handling schemes listed in the table, the L1/L2 based UE-to-UE CLI measurement and reporting attracted most of the attention in the SI stage because it reduces the latency of CLI reporting and enables faster adaptation to interference variations compared to Rel-16 L3 based UE-to-UE CLI measurement and reporting, thus facilitating the gNB to adjust UE scheduling to mitigate UE-to-UE CLI.
Regarding the coordinated scheduling for time/frequency resources between gNBs for UE-to-UE co-channel CLI handling, it can be based on the L1/L2 based UE-to-UE CLI measurement and reporting.
The spatial domain coordination method means coordinating the transmissions of aggressor UEs and the receptions of victim UEs in the spatial domain. It was described in TR38.858 that this method may require victim UE to measure CLI with different Rx beams for different Tx beams from aggressor UE, which may increase measurement complexity. The effectiveness of the coordination method can vary based on user mobility and channel variation. 
Regarding the power control based solution, separate power control parameters can be configured for SBFD symbols and non-SBFD symbols, which is already supported in the WID that states “configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation”. The detailed schemes can be discussed in AI 9.3.1. 
Based on the above analysis, the discussion on UE-to-UE CLI handling schemes can focus on the L1/L2 based UE-to-UE CLI measurement and reporting.
Proposal 16: Among the candidate UE-to-UE co-channel CLI handling schemes agreed in the last meeting, focus on the L1/L2 based UE-to-UE CLI measurement and reporting. 
L1/L2 based UE-to-UE CLI measurement and reporting
Framework of measurement and reporting
As we know, the UE-to-UE CLI in SBFD is caused by the situation that aggressor UEs are transmitting UL signal within the UL subband and victim UEs are receiving DL signal from gNB within the DL subband(s) at the same time. For the measurement of UE-to-UE CLI, the following agreement was made in the last meeting.
	Agreement
For SBFD aware UEs, CLI measurements is performed within the active DL BWP and the following can be considered
· Method#1: UE measures RSSI within DL subband
· Method#2: UE measures RSRP of aggressor UE within UL subband
· Method#3: UE measures RSSI within UL subband
· Method#4: UE measures RSSI within guard band, if guard band exists
Note: If DL subband, UL subband or guard band is outside the active DL BWP, the above methods does not apply.
Note: Method#4 does not imply that guard band is explicitly configured.


In Method#1, the interference perceived by the victim UE is the inter-subband leakage interference that leaked from the UL subband, which is subject to inter-cell DL transmissions and/or DL transmissions from the serving cell. Although the latter can be solved by DL transmission muting of serving cell, it will result in a loss of resource efficiency. This kind of leakage interference usually has lower interference signal strength, which is hard to accurately measure. Method#2 and Method#3 can be used for identifying the aggressor UE(s) if orthogonal resources are allocated for different aggressor UE(s), and they are not subject to inter-cell DL interference and at least provide higher interference signal strength than inter-subband interference leakage based measurements in Method#1. Method#4 seems to be a trade-off between Method#1 and Method#2/3. It measures the leakage interference from UL subband within guard band. Since the guard band is closer to the UL subband and UEs are not expected to transmit/receive UL/DL channels/signals, the measurement of leakage interference could be more accurate than that in Method#1.
Based on the above analysis, we recommend excluding Method#1 for UE-to-UE CLI measurement in SBFD. Accordingly, it is unnecessary to discuss the potential enhancements regarding non-contiguous measurement resources in DL subbands in the WI phase.
Proposal 17: For UE-to-UE CLI measurement in SBFD, exclude Method#1, i.e., victim UE measures RSSI within DL subband. It is unnecessary to discuss the potential enhancements for UE-to-UE CLI measurement and report regarding non-contiguous measurement resources in DL subbands in the WI phase.
As captured in TR38.858, the existing CSI measurement and reporting framework can be used as the baseline for the L1/L2 based UE-to-UE CLI measurement and reporting. In the existing CSI measurement and reporting framework, the configurations of measurement and report are configured to a UE through RRC signaling. According to the network configurations, the UE measures the CSI measurement resources transmitted from gNB and reports the CSI measurement results through PUCCH or PUSCH. For L1/L2 based UE-to-UE CLI measurement and reporting, a victim UE needs to measure CLI on the measurement resources where aggressor UEs are transmitting reference signal and report the CLI measurement results to gNB through L1/L2 channels. Therefore, the following information should be provided to victim UEs and aggressor UEs:
· The resource configurations for aggressor UEs to transmit reference signal to gNB
· The measurement resource configurations for victim UEs to measure the reference signal transmitted by aggressor UEs
· The report configurations for victim UEs to report the CLI measurement results to gNB
Regarding the first bullet, SRS can be configured to aggressor UEs without potential specification impact.
Configurations of measurement resources
Regarding the measurement metrics and measurement resource for L1/L2 based UE-to-UE CLI measurement, the following is captured in TR38.858.
	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 measurement resources for SRS-RSRP and CLI-RSSI, the following two options can be considered:
· Option 1: Configured based on the measurement resource configurations defined in Rel-16
· Option 2: Configured based on new L1/L2 measurement resource configurations
In Rel-16 L3 based UE-to-UE CLI measurement and reporting, SRS resource and RSSI resource are configured in the IE MeasObjectCLI-r16, as shown below, and the resource type for both resources only can be periodic. If Option 1 is adopted for L1/L2 based UE-to-UE CLI measurement, additional specification efforts are needed to support semi-persistent and aperiodic measurement resources. In addition, the procedure of L3 based UE-to-UE CLI measurement and reporting is very different from that of L1/L2 based method. Therefore, it is a bit strange to reuse the measurement resources defined in Rel-16 for the L1/L2 based UE-to-UE CLI measurement using the existing L1 based CSI framework.
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Option 2 provides a more straightforward method, that is, defining new configurations of L1/L2 measurement resources to configure the measurement resource for victim UEs to measure the UE-to-UE CLI introduced by the aggressor UEs. Taking SRS resources as an example, a new “usage” can be defined for SRS resource sets, e.g., “CLI measurement”. More specifically, SRS resource sets with usage “CLI measurement” can be configured to victim UEs, where each SRS resource set consists of one or multiple SRS resources that are associated with the resources transmitted by the aggressor UEs. So, when an SRS resource set with usage “CLI measurement” is configured to a victim UE, the UE could measure the UE-to-UE CLI on the SRS resources included in the SRS resource set. The aggressor UEs are configured to transmit SRS on these SRS resources.
In principle, the resource type of SRS/RSSI resources for aggressor UEs can be periodic, semi-persistent, and aperiodic. The resource type of RSRP/RSSI measurement resources for victim UEs should be configured according to the resource type of SRS/RSSI resources for aggressor UEs. For example, when the resource type for aggressor UEs is periodic, the measurement resource type for victim UEs can be periodic, semi-persistent, and aperiodic. Table 1 shows the supportable combinations of SRS/RSSI resource type for aggressor UEs and measurement resource type for victim UEs.
If the resource type of SRS/RSSI resources for aggressor UEs is configured to be semi-persistent or aperiodic, the aggressor UE will transmit signals after receiving the activation/triggering signaling, e.g., MAC CE or DCI from gNB. Since the victim UE cannot receive the activation/triggering signaling transmitted to the aggressor UE, it is unnecessary for victim UEs to know the resource type of SRS/RSSI resources for aggressor UEs, and they only need to measure UE-to-UE CLI on the configured measurement resources according to the gNB’s instruction. It should be guaranteed by gNB implementation that there is(are) aggressor UE(s) transmitting on the resources where the victim UE measures the UE-to-UE CLI.
Table 1. Supportable combinations of SRS/RSSI resource type for aggressor UEs and measurement resource type for victim UEs
	SRS/RSSI resource type for aggressor UEs
	Periodic measurement
(for victim UEs)
	Semi-persistent measurement
(for victim UEs)
	Aperiodic measurement
(for victim UEs)

	Periodic 
	Support
	Support
	Support

	Semi-persistent
	Not support
	Support
	Support

	Aperiodic
	Not support
	Not support
	Support


Proposal 18: Consider new L1/L2 measurement resource configurations for L1/L2 based UE-to-UE CLI measurement.
Proposal 19: For measurement resource configurations, SRS resource sets with a new usage, e.g., “CLI measurement” can be configured to victim UEs, where each SRS resource set consists of one or multiple SRS resources which are associated with the SRS transmitted by the aggressor UEs.
Observation 10: For L1/L2 based UE-to-UE CLI measurement and reporting, it is unnecessary for victim UEs to know the resource type of SRS/RSSI resources for aggressor UEs.
Observation 11: It should be guaranteed by gNB implementation that there is(are) aggressor UE(s) transmitting on the resources where the victim UE measures the UE-to-UE CLI.
Configurations of UE-to-UE CLI reporting
For UE-to-UE CLI reporting, the reporting configurations including the report quantity, report type, and measurement resources associated with the CLI report should be provided to the victim UE, etc. 
Regarding the report quantity, a straightforward method is explicitly defining the below report quantities in the existing CSI reporting framework, e.g., 
· L1-CLI-RSSI, or
· M strongest L1-SRS-RSRP with the corresponding SRI, where M is preconfigured by high layer
However, unlike the existing L1 CSI report who aims to find the best beams, L1 CLI report is used to assist gNB’s scheduling decision to avoid serious UE-to-UE CLI. Thus, report of the preconfigured M strongest L1-SRS-RSRP seems not enough. 
· The list of RS indexes whose CLI-RSRP larger than Th1 (i.e., RS#1, #2, #3, #4, #5) is important to the gNB’s scheduling decision since the corresponding UE-to-UE CLI is strong enough to require mitigation.
· The list of RS indexes whose CLI-RSRP smaller than Th2 (i.e., RS#7, #8) is also important to the gNB’s scheduling decision since the corresponding UE-to-UE CLI is small enough to be negligible.
· Based on the above information, gNB can understand which UE-to-UE CLI must be mitigated (i.e., CLI-RSRP>Th1), which ones can be totally negligible (i.e., CLI-RSRP<Th2), and the remaining ones may be mitigated with best effort (i.e., Th2<=CLI-RSRP<=Th1).
· Note: The above lists may be reported via separate bitmap or via joint coding. And the threshold Th1 or Th2 may be configured by gNB, or determined and reported by UE.
As shown in Figure 8, only report of the pre-configured 4 strongest RS (i.e., RS#1, #2, #3, #4) seems not enough since all the small enough UE-to-UE CLI (i.e., RS#7, #8 with CLI-RSRP<Th2) and some large enough UE-to-UE CLI (i.e., RS#5 with CLI-RSRP>Th1) cannot be reported. Meanwhile, if we support report of strong/weak RS index list, additional report of the CLI-RSRP seems not essential, and it could be optional.


[bookmark: _Ref163030551]Figure 8. RS reporting issues.
Proposal 20: Explicitly define new report quantities in the existing CSI reporting framework for L1/L2 based UE-to-UE CLI measurement and reporting, e.g., 
· L1-CLI-RSSI 
· List of RS index with large enough UE-to-UE CLI (e.g., CLI-RSRP>Th1), and/or list of RS index with small enough UE-to-UE CLI (e.g., CLI-RSRP<Th2)
· The RS index lists may be reported via separate bitmap or via joint coding.
· The threshold Th1 or Th2 may be configured by gNB, or determined and reported by UE.
· M strongest L1-SRS-RSRP with the corresponding SRI can be optionally reported, where M is pre-configured by high level
Regarding the measurement resources associated with the CLI report, similar to the channel measurement resource (CMR) and interference measurement resource (IMR) as shown below, a new resource set for CLI measurement, e.g., named “resourcesForCLI-Measurement” also can be defined in IE CSI-ReportConfig, and linked to the measurement resources for SRS-RSRP/CLI-RSSI measurement, e.g., the SRS resource set with usage “CLI measurement”.
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Proposal 21: Similar to CMR and IMR resources configured in IE CSI-ReportConfig, define a new resource set for CLI measurement, e.g., named “resourcesForCLI-Measurement” in IE CSI-ReportConfig and link it to SRS/RSSI measurement resources, e.g., the SRS resource set with usage “CLI measurement”.
Regarding the report type of UE-to-UE CLI for a victim UE, it can be periodic, semi-persistent, and aperiodic in principle, which should be configured according to the measurement resource type for the victim UE. Similar to the existing CSI measurement and report framework in TS 38.214 (See Clause 5.2.1.4), the supportable combinations of CLI reporting configurations and measurement resource configurations for victim UE are listed in Table 2. 
Although the aperiodic CLI measurement and reporting can be supported in principle when the SRS/RSSI resource type for aggressor UEs is aperiodic, it is complicated and not preferred because gNB not only needs to trigger the SRS/signal transmission of aggressor UE, but also needs to trigger the CLI measurement and reporting of victim UE.
Table 2. Supportable combinations of CLI reporting configurations and measurement configurations for victim UE
	SRS/RSSI measurement resource configuration
	Periodic CLI reporting
	Semi-persistent CLI reporting
	Aperiodic CLI reporting

	Periodic
	Support
	Support
	Support

	Semi-persistent
	Not support
	Support
	Support

	Aperiodic
	Not support
	Not support
	Support


Proposal 22: Aperiodic CLI reporting on aperiodic SRS/RSSI resources is not preferred because gNB not only needs to trigger the SRS/signal transmission of aggressor UE, but also needs to trigger the CLI measurement and reporting of victim UE.
Conclusions
In this contribution, we discuss gNB-to-gNB co-channel CLI handling schemes and UE-to-UE co-channel CLI handling schemes for SBFD, and we have the following observations and proposals.
gNB-to-gNB CLI handling
Observation 1: gNB Tx-Beam Nulling scheme is beneficial to reduce receiver blocking issue at victim BS especially when sub-band RF filter is not applied. 
Observation 2: gNB Tx-Beam Nulling scheme may degrade DL performance due to loss of degrees of freedom in spatial domain.
Observation 3: Whether information exchange of channel measurement is needed or not is up to the possible measurement procedures. For Alt.1, information exchange of channel measurement is needed, and for Alt.2, information exchange of channel measurement is not needed.
Observation 4: The time/frequency domain based coordinated scheduling scheme cannot be used for SBFD Deployment Case 1 (Non-coexistence case with single SBFD subband configuration).
Observation 5: SBFD Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations) is out of the WID scope of Rel-19 SBFD.
Observation 6: The time/frequency domain based coordinated scheduling scheme is beneficial for SBFD Deployment Case 3 (Co-channel co-existence for semi-static SBFD and legacy static TDD).
Observation 7: The time/frequency domain based coordinated scheduling scheme cannot be used for SBFD Deployment Case 4 (Adjacent-channel co-existence case).
Observation 8: For time/frequency domain based coordinated scheduling scheme, the motivation of information exchange of dynamic scheduling information over OTA gNB-to-gNB signalling is not clear.
Observation 9: gNB-to-gNB co-channel CLI and/or channel measurement is an enabler for other gNB-gNB CLI handling schemes, e.g., beam nulling, beam pairing, coordinated scheduling in time and/or frequency, etc., and the specification impacts for different gNB-gNB CLI handling schemes are different.
Proposal 1: For gNB-to-gNB co-channel CLI handling, support specification enhancement of gNB Tx-Beam Nulling scheme.
Proposal 2: For gNB Tx-Beam Nulling scheme for SBFD, further study below two possible measurement procedures:
· Alt.1: gNB A (e.g., victim gNB) performs measurement on the RS transmitted from gNB B (e.g., aggressor gNB) and feedback the channel information to gNB B.
· gNB B (e.g., aggressor gNB) transmits RS for gNB-gNB channel measurement, and gNB A (e.g., victim gNB) performs channel measurement and get the channel information from gNB B to gNB A. The gNB A informs the measured channel information to gNB B and requests for gNB-gNB CLI mitigation via backhaul. In response to the request, gNB B performs Tx-Beam Nulling scheme based on the exchanged channel information.
· The following information is exchanged between gNBs for Alt.1. FFS details:
· Configuration of the reference signals for gNB-gNB channel measurement: gNB A (e.g., victim gNB) may obtain the RS configuration of gNB B (e.g., aggressor gNB) via OAM configuration, or via backhaul signalling from gNB B to gNB A.
· Requests for gNB-gNB CLI mitigation via backhaul signalling from the gNB A to gNB B.
· Channel information feedback (e.g., gNB-to-gNB CLI interference covariance matrix) via backhaul signalling from gNB A to gNB B.
· Alt.2 (aggressor measures channel): gNB A (e.g., aggressor gNB) performs measurement on the RS transmitted from gNB B (e.g., victim gNB).
· gNB B (e.g., victim gNB) transmits RS for gNB-gNB channel measurement, and gNB A (e.g., aggressor gNB) performs channel measurement and derive the channel information from gNB A to gNB B based on TDD channel reciprocity. gNB B requests for gNB-gNB CLI mitigation via backhaul. In response to the request, gNB A performs Tx-Beam Nulling scheme based on its measured channel information.
· The following information is exchanged between gNBs for Alt.2. FFS details:
· Configuration of the reference signals for gNB-gNB channel measurement: gNB A (e.g., aggressor gNB) may obtain the RS configuration of gNB B (e.g., victim gNB) via OAM configuration, or via backhaul signalling from gNB B to gNB A.
· Requests for gNB-gNB CLI mitigation via backhaul signalling from gNB B to gNB A.
· Note: If separate-Tx/Rx antenna array is used in SBFD gNB, and if both aggressor gNB and victim gNB always use one antenna panel for transmission and the other one for reception, Beam Nulling performance may be degraded due to channel reciprocity impairment. However, if the antenna panel mapping relationship for transmission and reception can be changed, good channel reciprocity is expected.
Proposal 3: For gNB Tx-Beam Nulling scheme for SBFD, the RS for gNB-gNB CLI should be transmitted and measured in DL subband.
Proposal 4: Compared with steering vector based beam nulling method, channel measurement based beam nulling method can be studied with higher priority.
Proposal 5: Regrading the reference signals for gNB-gNB channel measurement for gNB Tx-Beam Nulling, NZP CSI-RS can be used. CSI-RS port expansion with up to 128 ports can be further studied.
Proposal 6: Support information exchange of measurement resource configuration (NZP CSI-RS) for gNB-gNB channel measurement for gNB Tx-Beam Nulling.
Proposal 7: Support information exchange of CLI-mitigation request from the victim gNB to the aggressor gNB to trigger on-demand CLI mitigation.
Proposal 8: For gNB-to-gNB co-channel CLI handling, support specification enhancement for beam paring between gNBs.
Proposal 9: Regrading the reference signals for gNB-gNB CLI measurement for beam paring, NZP CSI-RS and NCD-SSB can be used.
Proposal 10: Support information exchange of measurement resource configuration (NZP CSI-RS/NCD-SSB) for gNB-gNB CLI measurement for beam paring.
Proposal 11: For beam paring between gNBs, further study the following procedures:
· Alt 1: the aggressor gNB informs its intended DL beam indication, and the victim gNB applies proper Rx beam to avoid interference from the aggressor gNB.
· Alt 2: the victim gNB claims its preferred/restricted DL beam information and the associated resource configuration, and the aggressor gNB applies proper DL beam to avoid interference to the victim gNB.
Proposal 12: To enable time/frequency domain based coordinated scheduling scheme for SBFD Deployment Case 3 (Co-channel co-existence for semi-static SBFD and legacy static TDD), information exchange of semi-static SBFD time and frequency configuration between SBFD gNB and the legacy TDD gNB can be further studied.
Proposal 13: To enable time/frequency domain based coordinated scheduling scheme for SBFD Deployment Case 3 (Co-channel co-existence for semi-static SBFD and legacy static TDD), information exchange of gNB-gNB CLI measurement resource configuration can be further studied.
Proposal 14: For UE Tx power control based gNB-to-gNB co-channel CLI handling schemes, both open loop and closed loop parameters and procedures separately for SBFD and non-SBFD symbols can be considered.
· Note: any specification impact can be discussed in AI 9.3.1
Proposal 15: For gNB-to-gNB co-channel CLI handling, UL resource muting scheme at victim gNB side can be further studied, and the transparent UL resource muting approach based on legacy DMRS configuration can be considered as a starting point.
UE-to-UE CLI handling
Observation 10: For L1/L2 based UE-to-UE CLI measurement and reporting, it is unnecessary for victim UEs to know the resource type of SRS/RSSI resources for aggressor UEs.
Observation 11: It should be guaranteed by gNB implementation that there is(are) aggressor UE(s) transmitting on the resources where the victim UE measures the UE-to-UE CLI.
Proposal 16: Among the candidate UE-to-UE co-channel CLI handling schemes agreed in the last meeting, focus on the L1/L2 based UE-to-UE CLI measurement and reporting. 
Proposal 17: For UE-to-UE CLI measurement in SBFD, exclude Method#1, i.e., victim UE measures RSSI within DL subband. It is unnecessary to discuss the potential enhancements for UE-to-UE CLI measurement and report regarding non-contiguous measurement resources in DL subbands in the WI phase.
Proposal 18: Consider new L1/L2 measurement resource configurations for L1/L2 based UE-to-UE CLI measurement.
Proposal 19: For measurement resource configurations, SRS resource sets with a new usage, e.g., “CLI measurement” can be configured to victim UEs, where each SRS resource set consists of one or multiple SRS resources which are associated with the SRS transmitted by the aggressor UEs.
Proposal 20: Explicitly define new report quantities in the existing CSI reporting framework for L1/L2 based UE-to-UE CLI measurement and reporting, e.g., 
· L1-CLI-RSSI 
· List of RS index with large enough UE-to-UE CLI (e.g., CLI-RSRP>Th1), and/or list of RS index with small enough UE-to-UE CLI (e.g., CLI-RSRP<Th2)
· The RS index lists may be reported via separate bitmap or via joint coding.
· The threshold Th1 or Th2 may be configured by gNB, or determined and reported by UE.
· M strongest L1-SRS-RSRP with the corresponding SRI can be optionally reported, where M is pre-configured by high level
Proposal 21: Similar to CMR and IMR resources configured in IE CSI-ReportConfig, define a new resource set for CLI measurement, e.g., named “resourcesForCLI-Measurement” in IE CSI-ReportConfig and link it to SRS/RSSI measurement resources, e.g., the SRS resource set with usage “CLI measurement”.
Proposal 22: Aperiodic CLI reporting on aperiodic SRS/RSSI resources is not preferred because gNB not only needs to trigger the SRS/signal transmission of aggressor UE, but also needs to trigger the CLI measurement and reporting of victim UE.
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