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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this documentation, proposals based on the technical documentation submitted in RAN1#116 and the discussion on CLI handling schemes are summarized. 

[bookmark: _Hlk160072342]Proposal for online discussion (Thursday)
Proposal 3-4
Proposed agreement
For SBFD aware UEs, CLI measurements is performed within the active DL BWP and the following are 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.

Proposal 2-3a
Proposed agreement
UL Tx power control based schemes are not considered in the down-selection of gNB-to-gNB co-channel CLI handling schemes.
· Note: Support of separate power control in SBFD and non-SBFD symbols can be discussed in AI 9.3.1.

Proposal 3-3a
Proposed agreement
UL Tx power control based schemes are not considered in the down-selection of UE-to-UE co-channel CLI handling schemes.
· Note: Support of separate power control in SBFD and non-SBFD symbols can be discussed in AI 9.3.1.





Proposal 2-2a 
Proposed agreement
Consider the following for the down-selection of gNB-to-gNB co-channel CLI handling schemes as a starting point
	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
	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 performs measurement on the RS transmitted from aggressor gNB and feedback the channel information to the aggressor gNB. 
· Alt.2: Aggressor gNB performs measurement on the RS transmitted from victim gNB. 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

	
	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 

	UL resource muting based scheme
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 
· 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
	No evaluations for SBFD
	· Potential impact to DL performance
· Same specification impact if separate power control for PUSCH for SBFD and non-SBFD is supported in 9.3.1


Note: The above does not imply that all listed potential specification impacts for a given CLI handling scheme will be specified.

Proposal 3-2a
Proposed agreement
Consider the following table for the down-selection of UE-to-UE co-channel CLI handling schemes a starting point

	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
· Generic aspects for L1/L2 and L3 based UE-to-UE co-channel CLI measurement and reporting
· CLI measurement 
· Method#1: Victim UE measures RSSI within DL subband
· Method#2: Victim UE measures RSRP of aggressor UE within UL subband
· Method#3: Victim UE measures RSSI within UL subband
· CLI reporting 
· Alt #1: Separate CLI-RSSI measurement resources/reports in each DL subband
· Alt #2: CLI-RSSI measure/report in one DL subband only
· Alt #3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
· 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
· UCI bits generation including ordering and multiplexing with other types of UCI
· Subband CLI reporting
· 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 is only possible at low and medium loads
· L1/L2 and L3 based UE-to-UE co-channel CLI measurement and reporting is not necessarily required for coordinated scheduling in time and/or frequency
· 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.
· UE-UE CLI is a lesser problem than gNB-gNB CLI and optimizations for the former is not expected to increase SBFD performance drastically. 


	Spatial domain based schemes
	[bookmark: _GoBack]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
	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-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.



2. High-level discussions for CLI handling
2.1 Submitted proposals
	Company
	Description

	Huawei, Hisilicon  [1]
	Proposal 1: To facilitate effective down-selection, prioritize the CLI handling schemes with performance evaluations.

	ZTE [2]
	Proposal 1: SBFD Deployment Case 1 and SBFD Deployment Case 3-2 in TR38.858 should be considered as the deployment scenarios for down-selection of CLI schemes in WI phase, with taking both cochannel inter-subband CLI and cochannel intra-subband CLI into consideration in the evaluation. 

	Spreadtrum Communications [4]
	Proposal 1: Enhancements for CLI handling should be focused on CLI handling schemes for SBFD operation.
Proposal 2: Down select from CLI handling schemes that provided simulation results or discussed for SBFD cases.
Proposal 3: Updated simulation results of CLI schemes in TR38.858 for SBFD cases should be provided by RAN1#116-bis.

	vivo [7]
	[bookmark: _Ref157961271]Proposal 1: Regarding enhancements for CLI handling for NR Rel-19 SBFD, when down-selecting gNB-to-gNB co-channel CLI handling scheme(s) or UE-to-UE co-channel CLI handling scheme(s), it should prioritize 
· the ones with less UE and specification impacts, or
· the ones with performance evaluations in SBFD scenarios.

	xiaomi [10]
	Proposal 1:  RAN1 should first identify the basic principle of conducting down-selection for CLI handling schemes captured in TR38.858. The following principle can be considered as starting point:
· The selected CLI handling scheme can be applicable to SBFD operation and dynamic/flexible TDD.
· The selected CLI handling scheme should have certain specification impacts.
· The selected CLI handling scheme should have strong support among companies.

	Fujitsu [14]
	Proposal 1: Clarify which CLI handling schemes in TR 38.858 are the candidates for down selection.

	Nokia, Nokia Shanghai Bell [18]
	[bookmark: _Toc159244782][bookmark: _Toc159244783]Observation 1: The gNB-to-gNB co-channel CLI in SBFD can be in form of intra-subband CLI and inter-subband CLI.
Proposal 1: Handling of both intra-subband CLI and inter-subband CLI should be considered.

	Ericsson [23]
	[bookmark: _Toc159246285]Proposal 1: RAN1 should assess the impact of gNB-gNB CLI mitigation techniques outlined in TR 38.858 on both downlink and uplink performance before finalizing reference signal and measurement resource configurations. This evaluation might necessitate both system-level and link-level analyses for different schemes. 
[bookmark: _Ref159242119][bookmark: _Toc159246286]Proposal 2: If gNB-gNB co-channel CLI mitigations are agreed to be evaluated, RAN1 should agree on a maximum allowed DL performance degradation.
[bookmark: _Toc159246287]Proposal 3: If the potential performance gains are deemed sufficient, RAN1 needs to agree on many critical operational challenges regarding resource configuration / reference signals for co-channel gNB-gNB CLI mitigation
· [bookmark: _Toc159246288]Determine which gNBs are responsible for transmitting the reference signal, and the order of transmitting such information. 
· [bookmark: _Toc159246289]Synchronization among the gNBs to be aware of the time and frequency allocations of the reference signals. 

	LG Electronics [26]
	Proposal 1. For the CLI environment of SBFD, at least following is assumed;
· SBFD operation is semi-statically configured within RRC-configured downlink/flexible slots
· RRC-configured uplink is aligned across the gNBs in the network
· Inter-band CLI is considered
· SBFD/non-SBFD gNBs and SBFD aware/unaware UEs in the network
Proposal 2. Aligned SBFD configuration among gNBs is baseline scenario.
· FFS: unaligned SBFD configuration among gNBs



2.2 Summary
From companies’ proposals, two high-level issues were discussed, the first one is the principles of conducting down-selection for CLI handling schemes and the other one is the baseline scenario for SBFD configuration among gNB .
Issues #1: Principles of conducting down-selection for CLI handling schemes
Huawei, Hisilicon, ZTE, Spreadtrum, vivo, xiaomi, Ericsson propose to discuss the principle of conducting down-selection for CLI handling schemes captured in TR38.858. 
Huawei, Hisilicon propose to prioritize the CLI handling schemes with performance evaluations to facilitate effective down-selection.
Spreadtrum also propose to down select from CLI handling schemes that provided simulation results or discussed for SBFD cases and provide updated simulation results of CLI schemes in TR38.858 for SBFD cases by RAN1#116-bis
ZTE propose to consider SBFD Deployment Case 1 and SBFD Deployment Case 3-2 in TR38.858 as the deployment scenarios for down-selection of CLI schemes in WI phase, with taking both co-channel inter-subband CLI and co-channel intra-subband CLI into consideration in the evaluation.
Vivo propose to down-select gNB-to-gNB co-channel CLI handling scheme(s) or UE-to-UE co-channel CLI handling scheme(s) with less UE and specification impacts, or with performance evaluations in SBFD scenarios.
xiaomi propose the following principle as starting point:
· The selected CLI handling scheme can be applicable to SBFD operation and dynamic/flexible TDD.
· The selected CLI handling scheme should have certain specification impacts.
· The selected CLI handling scheme should have strong support among companies.
Fujitsu propose to clarify which CLI handling schemes in TR 38.858 are the candidates for down selection firstly.
Ericsson propose to assess the impact of gNB-gNB CLI mitigation techniques outlined in TR 38.858 on both downlink and uplink performance before finalizing reference signal and measurement resource configurations. This evaluation might necessitate both system-level and link-level analyses for different schemes. 

The baseline scenario for SBFD configuration among gNBs
ZTE and Nokia propose to take both co-channel inter-subband CLI and co-channel intra-subband CLI into consideration. LG propose to consider aligned semi-static SBFD configuration among gNBs as baseline scenario while the co-channel co-existence of non-SBFD gNBs is also considered. Hence both co-channel inter-subband CLI and co-channel intra-subband CLI are considered. 
According to the moderator’s understanding, the assumptions on the baseline scenarios for SBFD does not have an impact on the discussion of down-selection of CLI handling schemes. Please indicate if you have a different view. 

2.3 1st round discussion (Closed)
Proposal 1-1
Proposed agreement
For the down-selection of gNB-to-gNB co-channel CLI handling schemes and UE-to-UE co-channel CLI handling schemes, at the following aspects should be considered:
· Target scenario and performance benefit demonstrated by evaluations for SBFD
· Note: Companies are encouraged to provide more simulation results for SBFD before RAN1#116bis
· Minimize specification impact
· gNB/UE implementation complexity

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

	Support
	New H3C, vivo, Spreadtrum, Panasonic, Google, Tejas Networks

	Not support
	NEC, LG, Nokia/NSB



	Companies
	Views

	vivo
	When down-selecting, UE implementation impact is also an essential aspect to be considered and should be minimized.

	Sony
	We also believe that the scheme got to be practical and can work in a non-ideal backhaul.  For example, schemes that exchange list of preferred/non-preferred beams among gNB over a non-ideal backhaul may cause harm without any benefit.  A victim gNB indicating a non-preferred DL beam over the Xn, which would reach the aggressor gNB after 20-30ms later is not useful information, since the victim gNB may or may not be receiving in the UL or receiving UL from a UE where the non-preferred DL beam from aggressor is no longer an issue.

	Spreadtrum
	We agree with those three down-selection principles. One simple comment to change “Minimize specification impact” to “appropriate specification impact”.

	Ericsson 
	We support the proposal in principle, subject to modifications. 
Given the proposal's lack of specification impact, we see it as a conclusion. 
We concur with Sony's remarks and highlight the need for clarity on the operational details and limits of the proposed schemes for down-selection. For example, the acceptable speed/frequency of information exchange that aligns with existing RAN3 latencies, along with the roles of transmitters and receivers, who transmits reference signals, and in which order, who receives it and in which order, and how this impacts performance etc., hence our addition of a specific point to address this. 
Furthermore, we also note that while all the schemes outlined may have performance benefits, it also has impacts on DL performance for example. Therefore, an acceptable maximum allowed DL performance needs to be considered which we propose in Proposal 2-3.
We also advocate for minimizing specification impact in both RAN1 and RAN3.
Modifications by Ericsson in red: 
Proposed Conclusion
For the down-selection of gNB-to-gNB co-channel CLI handling schemes and UE-to-UE co-channel CLI handling schemes, at the following aspects should be considered:
· Target scenario, performance benefits and potential impact demonstrated by evaluations for SBFD
· Note: Companies are encouraged to provide more simulation results for SBFD before RAN1#116bis.
· Minimize specification impact in RAN1 and RAN3.
· gNB/UE implementation complexity.
· Operational details, scope and limitations of the scheme clearly defined. 



	Xiaomi
	We appreciate the direction of trying to come to a high-level principle for down-selection. However, we have the following comments:
1) it is good to see whether convincing benefits are shown by evaluation results. However, we should also consider the number of samples. If only orphan sample is provided, no matter what trend is observed, we should not make any decision on top of it. 
2) If there are very strong support on certain scheme, we think it is fair to keep it and have further discussion.
3) We don’t think minimum specification impact should be one of the principles. Specify something beneficial for the network and UE is our obligation in work item. On the other hand, it is very hard to say whether the specification impact is small or huge in some cases as different company may have different understanding.


	ETRI
	We are basically ok with the proposal, but we don’t think minimizing specification impact is an essential aspect at this moment. We prefer to remove this sub-bullet.  

	CEWiT
	Evaluations are not always necessary to show performance benefits. E.g., analytical methods can also be used. 

	CATT
	We agree with Ericsson that this proposal should be a proposed conclusion instead of proposed agreement.
Evaluation could be one way to demonstrate the performance benefit, we it is not the only way. We think it is better to remove ‘demonstrated by evaluations’ in the first bullet. 
For spec impact, we agree with ETRI that minimizing specification impact is not a target. We should consider the trade-off between performance benefit and spec/implementation complexity. So we suggest to remove ‘minimize’ in the second bullet.

	LG
	The direction of the proposal that figuring out standards to determine which of the scheme is to be down-selected seems good starting point. However, we have several comments on proposal.
It would be beneficial to have more evaluation results for down-selection among CLI handling schemes. However, the outcome would be very likely to be ended up with having bunch of more evaluation results indicates each of the schemes is beneficial in certain scenarios. It is our understanding that to have fair comparison across the schemes, aligned simulation assumptions across the CLI handling schemes are required, which seems more than several meetings should be spent.
Besides that, we would like to understand the motivation why the minimizing specification impact should be guideline for determination.
We agree with this should be proposed conclusion rather than proposed agreement.

	Google
	We agree with this proposal. Scenarios supported with evaluation should be prioritized. For the remaining points, we think this is business as usual to strive to minimize the spec impact and the complexity at both network and UE sides.

	QC
	First of all, not quite clear on “target scenario”. The schemes are common solutions for SBFD and dynamic/flexible TDD scenarios and scenarios were agreed in R18. Suggested removing the phrase.

Secondly, evaluations are one factor of criteria; however, this is a work item, analysis should be added as an aspect for consideration too. Also, sub-bullet 1 only includes SBFD. Based on R18 evaluations, only few companies submitted evaluation results targeting CLI enhancement in SBFD deployment which are not enough samples as to decide the schemes. Also, the schemes can be common for both SBFD and dynamic/flexible TDD deployment. Therefore, suggested edit: “Benefits based on analysis and/or performance evaluations for SBFD / dynamic/flexible TDD.” 

For main bullet, instead of “at the following aspects should be considered”, “at least the following aspects should be considered:”

	Nokia/NSB
	Though we are fine with this in general, we don’t think this agreement is necessary.
I can be just informative text for the further discussion. 

	NTT DOCOMO
	We are generally fine with the intention of the proposal, but as some companies commented, to make it as agreement, there could be comments like some other aspects should also be considered, it is not essential/mandatory for the down-selection, etc. and consuming the online/offline time for discussing this would not be efficient.

	ZTE
	Regarding the evaluations, we think agree Xiaomi that the sample is also important.  
Regarding the spec impact, we wonder how to evaluate the spec impact to the other groups since some solutions may only have spec impact to the other groups?  In addition, 'minimize' should be removed.
Regarding the gNB/UE implementation issue, how to evaluate the complexity since some companies believe a solution may have a big impact to the UE implementation while the other companies believe it is acceptable. 

	Tejas Networks
	We support the proposal in principle.

	Moderator
	Based on the feedback, it seems that companies including several companies would like to consider performance benefit based analytic methods as well. In addition, Ericsson would like to add some operation details. A modified version is provided below
Proposed 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:
· Target 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 before RAN1#116bis.
· Minimize sSpecification impact in RAN1 and RAN3.
· gNB/UE implementation complexity.
· Operational details of the scheme 




The following was agreed in the online session.
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.

3. gNB-to-gNB co-channel CLI handling schemes
3.1 Submitted proposals
	Company
	Description

	Huawei, Hisilicon  [1]
	Observation 1: Beam nulling is beneficial to reduce the blocking at gNB sides
· Compared with the gNB-to-gNB steering vector based scheme, the gNB-to-gNB channel measurement based scheme has a better flexibility to solve the blocking issue.
Observation 2: For gNB-to-gNB channel/CLI measurement, the specification impacts are similar, i.e., information exchange of measurement resource configuration and the normative work is mostly in RAN3.
Observation 3: Transparent UL resource muting by either not scheduling mechanism or by CI mechanism is not flexible and very inefficient for gNB-to-gNB co-channel CLI handling.
Observation 4: UL resource muting based schemes is beneficial for SBFD and non-transparent UL resource muting based schemes can achieve larger gain than transparent UL resource muting based schemes.
Observation 5: For gNB-to-gNB CLI handling, increasing UL Tx power will have cause negative impact on DL performance, thus may not be feasible.
Proposal 1: To facilitate effective down-selection, prioritize the CLI handling schemes with performance evaluations.
Proposal 2: Support gNB-to-gNB channel measurement based beam nulling to suppress gNB-gNB co-channel CLI.
Proposal 3: For gNB-to-gNB channel measurement, support information exchange of measure resource configuration between gNBs.
Proposal 4: Support CSI-RS port expansion to facilitate gNB-to-gNB channel measurement, considering the following gNB-to-gNB channel characteristics to reduce the overhead of CSI-RS:
· gNB-to-gNB channel has a larger coherent time than gNB-UE channel.
· gNB-to-gNB channel has a larger coherent bandwidth than gNB-UE channel.
Proposal 5: For gNB-to-gNB CLI measurement, support information exchange of measurement resource configuration, e.g., NZP CSI-RS, between gNBs.
Proposal 6: Support non-transparent UL resource muting based scheme and introduce rate matching mechanism with RE symbol level granularity for PUSCH.
· SRS-like comb mapping pattern can be considered
Proposal 7: Reducing DL Tx power will cause negative impact on DL performance, thus should be deprioritized. 

	ZTE [2]
	Proposal 1: SBFD Deployment Case 1 and SBFD Deployment Case 3-2 in TR38.858 should be considered as the deployment scenarios for down-selection of CLI schemes in WI phase, with taking both cochannel inter-subband CLI and cochannel intra-subband CLI into consideration in the evaluation. 
gNB-to-gNB CLI handling
Proposal 2: A common understanding of the overall framework of gNB-to-gNB CLI handling should be clarified firstly.
Observation 1: For CLI handling, the specification impacts include the configuration and exchange of measurement resource, measurement results exchange, and the CLI feedback between the gNBs. 
Proposal 3: Rel-19 SBFD should support the following framework for CLI management, 
· Step 0: The victim gNB identifies gNB-to-gNB CLI based on measurement of reference signal from the aggressor gNB (e.g., SSB, CSI-RS or other measurement resource);
· Step 1: The victim gNB indicates interference information identified from Step 0, e.g., index of high-interference beam, channel state information for the interference channel, etc, to the aggressor gNB via either air interface or backhaul; 
· Step 2: The aggressor gNB and/or victim gNB start to perform CLI handling schemes; 
· Step 3: The victim gNB measures the reference signals sent by the aggressor gNB to evaluate the CLI handling effect; 
· Step 4: The victim gNB feedbacks the CLI mitigation effect of the different CLI handling schemes.
Proposal 4: For gNB-to-gNB co-channel CLI measurement, both RSRP measurement and RSSI measurement should be supported. 
· The existing measurement resource configuration for SSB/CSI-RS based RRM can be applied as baseline for gNB-to-gNB co-channel RSRP measurement.
· The existing configuration of RSSI measurement resource can be applied as baseline for gNB-to-gNB co-channel RSSI measurement. 
Proposal 5: For inter-gNB co-channel inter-subband CLI, the following measurement methods should be supported, 
· Method 1: victim gNB measures RSSI of aggressor gNB within UL subband
· Method 2: victim gNB measures RSRP of aggressor gNB within DL subband 
For inter-gNB co-channel intra-subband CLI, victim gNB measures RSRP/RSSI of aggressor gNB within UL subband. 
· Note: if RSSI measurement is used, the measurement result also includes inter-gNB co-channel inter-subband CLI. 
Proposal 6: In order to perform the gNB-to-gNB co-channel channel measurement for CLI handling for gNBs equipped with 64 antenna ports, support to group two 32-port CSI-RS resources, which is similar to the CSI-RS pairing defined in Rel-17 Multi-TRP CSI.
·  It is also noted that CSI resource with up to 128 ports will be specified in Rel-19 MIMO enhancements. 
Proposal 7: RAN1 further discusses potential solutions to address the timing misalignment issue for gNB-gNB CLI measurement. 
Proposal 8: Non-transparent-based UL resource muting methods should be prioritized. 
· At least RB level muting pattern with one of following alternatives should be supported. 
· Alt.1: defining UL resource muting pattern and indication method
· Alt.2: enhancement of existing UL cancelation mechanism for higher indicating accuracy
· FFS: RE level muting pattern. 
Proposal 9: Regarding UL resource muting, the muting resource for uplink transmission can be determined according to the measurement resources.
· The measurement resource contains resource for gNB-to-gNB CLI and channel measurement. 
· A certain guard bands need to be reserved around the measurement resources for avoiding adjacent frequency interference (e.g., leakage from the adjacent RBs). 
Proposal 10: Support beam pairing for spatial domain coordination of gNB-to-gNB CLI handling.
· The potential specification impact includes CLI measurement and high/low-interference beam index exchanged from victim gNB to aggressor gNB.
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. 
Proposal 11: Support beam nulling for spatial domain coordination of gNB-to-gNB CLI handling.
· The potential specification impact includes channel measurement and channel state information exchanged from victim gNB to aggressor gNB.
Proposal 12: A unified UL power control solution applied to both of gNB-to-gNB CLI and UE-to-UE CLI handling should be supported. 
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.
Proposal 13: Regarding gNB-to-gNB CLI handling in power domain, it should be supported to configure separate sets of power control parameters, such as, target received power(P0), pathloss compensating factor(α), closed power control loop states, configured maximum output power (), etc, for UL transmission in different resources with/without gNB-to-gNB CLI. 
Observation 7: The scheduling mechanism can be optimized for interference mitigation if the related configuration (e.g., SBFD time/frequency, dynamic TDD) of the neighbouring gNB is obtained. 
Observation 8: The gNB-to-gNB CLI can be accurately measured and effectively coordinated only after the related configuration (e.g., SBFD time/frequency, dynamic TDD) of the neighbouring gNB is obtained. 
Proposal 14: The related configuration (e.g., SBFD time/frequency, dynamic TDD) exchange among gNBs should be supported for more accurate CLI measurement and more effective CLI handling.

	Qualcomm Incorporated [3]
	Observation 4: Transparent UL muting via gNB scheduling or ULCI can achieve the benefits for gNB-to-gNB co-channel CLI measurement, channel measurement already. Whether there is benefit for introducing non-transparent UL resource muting needs further discussion:
· A cell can contain legacy UEs and SBFD aware UEs and if there is a gain, the gain is only for SBFD aware UEs but not legacy UEs. 
· RAN1 needs to take into consideration impact on UL waveform in terms of increased PAPR and phase discontinuity across PUSCH symbols in non-contiguous UL transmissions caused by introducing non-transparent UL resource muting.
· RAN1 needs to take into consideration UE complexity for supporting different UL procedures in non-contiguous UL transmissions caused by introducing non-transparent UL resource muting.
Proposal 5: Support to specify information exchange between gNBs of NZP CSI-RS and/or SSB resource configurations for gNB-to-gNB co-channel CLI/channel measurement.
Proposal 6: Not support RAN1 to introduce non-transparent UL muting for inter-gNB CLI measurement. Transparent UL muting without spec impact can already achieve the purpose for inter-gNB CLI measurement.
Proposal 7: Support to specify information exchange between gNBs on semi-static SBFD time and frequency configuration.
Proposal 8: For spatial domain coordination, support to specify the information exchange of beam related information among gNB(s) (e.g., victim gNB(s) and aggressor gNB(s)) for inter-gNB co-channel CLI management.
· Support to specify 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
· 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.
Proposal 9: Support to specify information exchange for DL Tx power adjustment to mitigate inter-gNB CLI. 
· The final decision of DL Tx power at aggressor gNB will be up to gNB implementation.
Proposal 10: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific power control parameters for slots with CLI and without CLI
· For SBFD, power control parameters configured for SBFD slots can be different from those configured for HD slots.
· For dynamic TDD, power control parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.
· Support to specify semi-static configured PC parameters with less overhead. 

	Spreadtrum Communications [4]
	Proposal 4: For enhancements for gNB-to-gNB CLI handling, spatial domain coordination scheme for gNB Tx-Beam nulling can be specified.
Proposal 5: For enhancements for gNB-to-gNB CLI handling, the benefit to specify UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix should be justified.

	New H3C Technologies Co., Ltd [5]
	Proposal 1 Besides SBFD time/frequency configurations, other configurations such as frame structure, SSB, CSI-RS, PxSCH DMRS and time domain allocation, and so on should be exchanged between gNBs. The information exchange among several gNBs can be handled by a central controller. The central controller can be a CU, a master gNB, or OAM.
Proposal 2: The NZP-CSI-RS used for CLI measurement can be periodic, aperiodic or semi-persistent.
Proposal 3: The NZP-CSI-RS for different aggressor gNBs should be different, and the configuration of the NZP-CSI-RS should be exchanged between gNBs by Xn interface, or handled by a central controller.
Proposal 4: Both options on the transparent/non-transparent UL resource muting method should be considered, different options can be used in different cases. Comparing with transparent UL resource muting, the non-transparent UL resource muting achieves better UL performance.
Proposal 5: In victim gNB, the PRACH/PUCCH/SRS should not use any resource that are overlapping with CSI-RS for CLI measurement, the PUSCH can perform rate matching around CSI-RS for CLI measurement.
Proposal 6: A measurement window can be introduced for improving the energy efficiency of the victim gNB. For the victim gNB, it can only measure the CLI measurement signals in the measurement windows, and ignore all the CLI measurement signals out the range of the measurement windows. Several measurement window can be configured, but only one is active. The measurement window is periodic, and its position is determined by the length, periodicity and offset.
Proposal 7: The reported CLI results can be short term or long term. The report can be full report or partial report, and can be event-triggered or periodic.
Proposal 8: The beam information exchange can be handled by a central controller. The beam information consists of gNB ID+CLI measurement configuration which including the signal resource ID. 
Proposal 9: For CSI-RS for CLI measurement, a dedicated indication, such as cli-info, can be introduced in the CSI-RS resource configuration to indicate the usage of this CSI-RS resource.
Proposal 10: The CLI results of all beams should be reported in full report mode, while both preferred beam set and non-preferred beam set are reported in partial report mode. The periodic or event-triggered report can be also used for the beam based CLI report.
Proposal 11: The central controller determines the non-preferred beam or preferred beam for aggressor gNB according to the dedicated algorithms. The number of the non-preferred beam for one aggressor gNB should not exceed a maximum number.
Proposal 12: A restriction window can be introduced, where the aggressor gNB cannot use the non-preferred beams, but the victim gNB can use any beam. Several restriction window can be configured, but only one is active. The measurement window is periodic, and determined by the length, periodicity and offset.
Proposal 13: The new RAN measurement abilities should be introduced for supporting the CLI measurement and reporting: CLI-RSSI and/or CLI RSRP.

	Tejas Network Limited [6]
	Proposal 1: Further study is needed to down select between Scheme #1 (beam nulling based on steering vector) and Scheme #2 (beam nulling based on gNB-gNB channel measurement).
Proposal 2: Using NZP-CSI-RS and/or SSB based measurement and reporting configuration, enhance the measurement and reporting configuration to include aggressor gNB information.
Proposal 3: CLI measurement for spatial domain coordination can be periodic or aperiodic. 
Proposal 4: Option 2 (non-transparent UL resource muting scheme) for measuring gNB-to-gNB interference covariance matrix should be considered. 
Proposal 5: A common semi-static symbol level configuration across multiple gNB should be used to indicate DL resource muting by the aggressor gNB.
Proposal 6: For gNB-gNB CLI handling, both the UL resource muting scheme and the spatial domain coordination scheme should be considered.

	vivo [7]
	Observation 1: For gNB-to-gNB co-channel CLI handling, for non-transparent UL resource muting based IRC, at least the following impacts are observed
· TBS determination
· PUSCH resource mapping
· Increased PAPR.
Proposal 1: Regarding enhancements for CLI handling for NR Rel-19 SBFD, when down-selecting gNB-to-gNB co-channel CLI handling scheme(s) or UE-to-UE co-channel CLI handling scheme(s), it should prioritize 
· the ones with less UE and specification impacts, or
· the ones with performance evaluations in SBFD scenarios.
Error: Reference source not found
Error: Reference source not found
Error: Reference source not found
Error: Reference source not found
Error: Reference source not found

	CMCC [8]
	Observation 1: gNB Tx-Beam Nulling scheme is useful to handle the BS receiver blocking issue especially when sub-band RF filter is not applied. 
Observation 2: For gNB-to-gNB co-channel CLI handling, the specification impact for gNB Tx power adjustment scheme is unclear.
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, either the aggressor gNB or the victim gNB can perform channel measurement. The following options can be considered.
· Option 1 (victim measures channel): the aggressor gNB transmits RS for gNB-gNB channel measurement, and the victim gNB performs channel measurement and get the channel information from aggressor gNB to victim gNB. The victim gNB informs the measured channel information to the aggressor gNB and requests for gNB-gNB CLI mitigation via backhaul. In response to the request, the aggressor gNB performs Tx-Beam Nulling scheme based on the exchanged channel information. For information exchange between gNBs:
· Configuration of the reference signals for gNB-gNB channel measurement: the victim gNB may obtain the RS configuration of the aggressor gNB via OAM configuration, or via backhaul signalling from the aggressor gNB to the victim gNB.
· Requests for gNB-gNB CLI mitigation via backhaul signalling from the victim gNB to the aggressor gNB.
· Channel information feedback (e.g., gNB-to-gNB CLI interference covariance matrix, PMI, etc.) via backhaul signalling from the victim gNB to the aggressor gNB.
· Option 2 (aggressor measures channel): the victim gNB transmits RS for gNB-gNB channel measurement, and the aggressor gNB performs channel measurement and derive the channel information from aggressor gNB to victim gNB based on TDD channel reciprocity. The victim gNB requests for gNB-gNB CLI mitigation via backhaul. In response to the request, the aggressor gNB performs Tx-Beam Nulling scheme based on its measured channel information.
· Configuration of the reference signals for gNB-gNB channel measurement: the aggressor gNB may obtain the RS configuration of the victim gNB via OAM configuration, or via backhaul signalling from the victim gNB to the aggressor gNB.
· Requests for gNB-gNB CLI mitigation via backhaul signalling from the victim gNB to the aggressor gNB.
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: Regrading the reference signals for gNB-gNB channel measurement for gNB Tx-Beam Nulling, NZP CSI-RS can be used.
Proposal 5: For gNB-to-gNB co-channel CLI handling, support specification enhancement for beam paring between gNBs.
Proposal 6: 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.
Proposal 7: For gNB-to-gNB co-channel CLI handling, do not consider specification enhancements for time/frequency domain based coordinated scheduling schemes.
Proposal 8: For gNB-to-gNB co-channel CLI handling, clarification of the specification impact for gNB Tx power adjustment scheme is needed.
Proposal 9: For gNB-to-gNB co-channel CLI handling, UE Tx power adjustment scheme can be discussed in AI 9.3.1.

	CATT [9]
	Observation 1: Spatial domain coordination can be enabled by gNB-gNB CLI measurement.
Proposal 1: Support gNB-to-gNB co-channel CLI measurement.
Proposal 2: Support periodic NZP CSI-RS/CD-SSB/NCD-SSB based gNB-to-gNB co-channel CLI measurement.
Proposal 3: Support exchange of configuration of NZP CSI-RS / CD-SSB/NCD-SSB for gNB-to-gNB co-channel CLI measurement.
Proposal 4: FFS whether to exchange of CLI measurement results.
Proposal 5: FFS whether non-transparent UL resource muting is adopted to enhance measurement accuracy.
Proposal 6: Support exchange of semi-static SBFD configuration among gNBs.
Proposal 7: UE and gNB transmission/reception timing alignment based solution is not supported.
Proposal 8: Power control based CLI handling solution is not supported.

	xiaomi [10]
	Observation 4: There is severe ISI between CLI RS and UL data at victim gNB side with non-zero  .
Observation 5: One CLI RS symbol may result in two UL symbol unavailable at victim gNB side due to the misalignment of timing between CLI-RS arrival timing and UL timing.
Observation 6: For each UL/DL transition at victim gNB, at least one OFDM symbol is not available for the victim gNB if zero is configured.
Observation 7: The gNB-to-gNB CLI level may be varied among different Tx-Rx beam pairs.
Proposal 13: If gNB-to-gNB measurement and reporting is supported, periodic reporting for gNB-to-gNB CLI mitigation should be supported.
Proposal 14: Non-transparent method of supporting UL reserved resource indication is slightly preferred. 
Proposal 15:  Both Option 1 and Option 2 can be considered for gNB-to-gNB CLI mitigation. 
Proposal 16:  The key point of spatial domain enhancement for gNB-to-gNB CLI handling is information exchange between victim gNB and aggressor gNB, which has no RAN1 specification impact.
Proposal 17: Deprioritize DL power enhancement for gNB-to-gNB CLI mitigation.
Proposal 18: Reuse existing UL power control mechanism to combat the CLI from aggressor gNB.

	OPPO [11]
	Proposal 3: UL resource muting for gNB-to-gNB CLI measurements, if supported in Rel-19, is transparent to UE.
Observation 2: There are at least two challenges in CLI timing alignment in gNB-gNB CLI handling
· It is almost impossible for victim gNB to align arrival time of its served UL signal to all arrival timing of non-negligible CLI from surrounding aggressor gNBs.
· The CLI timing alignment in gNB-gNB CLI handling can result in at least one symbol loss of OFDM waveform integrity for most of SCS’s, leading to UL performance degradation.  
Proposal 5: To support coordinated scheduling between gNBs, SBFD time/frequency configuration that is exchanged over Xn/F1 have periodicity up to 160ms.

	InterDigital, Inc [12]
	Observation 13. The gNB-to-gNB co-channel CLI mitigation can be based on spatial domain coordination, where the CLI measurement can be based on beam sweeping at both victim and aggressor gNBs.
Observation 14. The victim gNB could monitor to detect one or more events to trigger gNB-to-gNB co-channel CLI measurement.
Proposal 13. In gNB-to-gNB co-channel CLI measurement and mitigation, consider using spatial domain coordination, where the victim gNB measures beam-swept CLI and sends, to the aggressor gNB, information on the SSB index or the CRI of the aggressor beams with the highest and/or lowest CLI in addition to the measured CLI.
Proposal 14. In gNB-to-gNB co-channel CLI measurement, consider defining the events that may trigger the gNB-to-gNB CLI measurement.

	Samsung [13]
	Proposal 1: For gNB-to-gNB co-channel CLI handling, support spatial domain enhancements, i.e., introduction of Xn/F1 signaling support for Tx beam nulling in FR1 and for beam pairing in FR2-1.
Proposal 2: For gNB-to-gNB co-channel CL handling, support 1-way indication of the intended SBFD time-/frequency domain configuration over Xn/F1
Proposal 3: For gNB-to-gNB co-channel CLI spatial domain enhancements, no new/additional specified gNB-side measurements are introduced in 38.215.
Proposal 4: For gNB-to-gNB co-channel spatial domain enhancements, support 1-way indication of configured NZP CSI-RS and SSB CLI measurement resources and support 2-way exchange of recommended/restricted beams based on RS resource ID over Xn/F1.


	Fujitsu [14]
	Proposal 2: Down select gNB-to-gNB co-channel CLI handling scheme(s) and UE-to-UE co-channel CLI handling scheme(s) from the candidates below.
· gNB-to-gNB co-channel CLI handling scheme(s)
· gNB-to-gNB CLI measurement and reporting
· CLI measurement and/or channel measurement based on periodic NZP CSI-RS/SSB
· UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix
· [bookmark: _Int_xggb9zis]Non-Transparent UL resource muting based IRC
· [bookmark: _Int_syiwMl5j]Transparent UL resource muting based IRC (no specific impact)
· Spatial Domain Coordination Scheme
· Beam nulling between gNBs
· Beam nulling based on steering vector
· Beam nulling based on gNB-gNB channel measurement
· Recommended/restricted Beams between gNBs
· Beam pairing between gNBs
· Scheduling coordination
· Time domain scheme using UL slot(s) aligned between gNBs
· Frequency domain coordination scheme
· Power control based on solution
· Power control scheme based on gNB Tx power adjustment
· Power control scheme based on UE Tx power adjustment
· UE-to-UE co-channel CLI handling scheme(s)
· Potential enhancements to UE-to-UE CLI measurement/reporting
· Measurement/report within the DL/UL subband
· victim UE measures RSSI within the DL subband
· victim UE measures RSRP of aggressor UE within the UL subband
· victim UE measures RSSI within the UL subband
· UE-to-UE CLI-RSSI measurement/report across downlink subbands
· separate CLI-RSSI measurement resources/reports in each DL subband
· CLI-RSSI measure/report in one DL subband only
· CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
· L1/L2 based UE-to-UE CLI measurement
· Coordinated scheduling
· Coordinated scheduling based on L3 UE-UE CLI measurement 
· Coordinated scheduling based on L1 UE-UE CLI measurement
· intra-cell coordinated scheduling
· Spatial domain enhancements
· [bookmark: _Int_anghijQg]Power control based solution
· UE Tx power adjustment
· Note that some candidates have no specification impact.

	NEC [15]
	Proposal 1: Consider aperiodic or semi-persistent CSI-RS along with periodic CSI-RS for gNB-gNB CLI measurements 
Proposal 2: Support non-transparent UL rate matching/puncturing procedures at least for CLI measurement for periodic CSI-RS
Proposal 3: Consider the following approaches for indicating the puncturing/rate matching resources to UEs
· Option 1: A new RS type, e.g., zero power (ZP) SRS, can be configured to the UE for rate-matching resources which follow the CSI-RS resource pattern.
· Option 2: Puncturing resources (pattern-based) can be configured to the UE.
· Option 3: ZP-CSI resources, which are applied for rate-matching UL transmissions, are defined.

Proposal 4: Define CLI sensitivity level as a measurement metric for gNB-gNB CLI measurements
Proposal 5: The following information exchange between gNBs is supported for coordinated inter-gNB scheduling 
· DL beam scheduling information
· DL transmission power information 
Proposal 6: For inter-gNB CLI mitigation, gNBs exchange with each other the UL subband frequency resource configuration and SBFD time occasions

	Panasonic [16]
	Observation 1: When the number of RE in PUSCH allocation varies between symbols in non-transparent UL resource muting method, UE design becomes more complex since the total transit power or PSD among symbols within PUSCH varies with and without muting.
Proposal 1: For UL muting resource for gNB-to-gNB CLI measurement, transparent UL resource muting method should be supported.
Proposal 2: For gNB-to-gNB/UE-to-UE CLI handling, exchange of SBFD time and frequency configuration over Xn/F1 interfaces should be support.


	Lenovo [17]
	Proposal 1: In order for each gNB to have a chance to measure CLI from any other gNB in its vicinity, support gNB-specific patterns for transmitting SSBs dedicated to CLI measurements. The SSBs can be configured as NCD-SSB.
Proposal 2: If SSB (CD or NCD) is used for gNB-to-gNB CLI measurements, the issue with timing misalignment at the victim gNB between SSB reception from aggressor gNBs and UL reception from served UEs can be handled by implementation.
Observation 1: Periodic RS (such as NZP CSI-RS and SSB) are not optimal for gNB-to-gNB CLI measurements. Using periodic RS without enhancements is wasteful and not easily scalable, especially for beam-based CLI measurement at FR2.
Proposal 3: Study enhancements to periodic RS for resource efficiency, scalability, and flexibility of gNB-to-gNB CLI measurement. Consider gNB-specific patterns of RS transmission and CLI measurement.
Proposal 4: Support exchange of reference signal configuration information among gNBs for the purpose of inter-gNB CLI measurement. 
Proposal 5: Support victim gNB indicating high-interference (non-preferred) beams to the aggressor gNB or the core network. Additionally, support the victim gNB reporting the amount/level of excess interference corresponding to the high-interference beams.
Proposal 6: Support victim gNB indicating preferred and high-priority Tx beams to the aggressor gNB.
Proposal 7: Further study inter-gNB CLI handling by aggressor gNBs selection.
Proposal 8: Support aggressor gNB indicating information of using high-interference beams to victim gNBs.
Proposal 9: To enable coordinated scheduling/beamforming, support coordination/matching of TDD DL/UL on certain slots/symbols for use of high-interference beams. This information can be exchanged by adding spatial parameters to the Intended TDD DL-UL Configuration IE.
Proposal 10: Study unified inter-cell CLI handling through transmitting SRS by aggressor gNB/UE and measuring interference by victim gNB/UE.
Proposal 11: Support assigning priorities to victim gNBs so that the aggressor gNB will be able to limit or avoid the CLI towards at least high-priority victim gNBs.
Proposal 12: The impact on the PUSCH reception when receiving CLI measurement RS can be solved by gNB implementation. 

	Nokia, Nokia Shanghai Bell [18]
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	Sony [19]
	Observation 1: The information exchange among gNBs to enable CD-SSB and NCD-SSB as RS for gNB-gNB measurements is the configurations of CD-SSB and NCD-SSB.  Since these configurations are semi-static and hence delay tolerant, they do not require dynamic and low latency signalling among gNB and the exchange of such information over the Xn interface can be easily implemented.
Observation 2: Transparent UL resource muting (Option 1) for gNB-gNB CLI measurements by avoiding RBs containing gNB-gNB CSI-RS resource can lead to 95% resource wastage since the CSI-RS resource occupies at most 8 REs in an RB.
Observation 3: Non-transparent UL resource muting (Option 2) for gNB-gNB CLI measurements can be performed at RE granularity and would not have any resource wastage compared to transparent UL resource muting.
Observation 4: RE muting may not be enabled for every UL/DL transmission.
Observation 5: RE muting on REs containing RS from multiple gNBs may degrade the reliability of UL transmissions.
Observation 6: Since in Rel-19 SBFD time and frequency locations are configured semi-statically, exchanging the SBFD time and frequency configurations among gNB can be done over a slow Xn interface.  This can be implemented easily.
Observation 7: Although it is beneficial to exchange dynamic scheduling information among gNBs for CLI handling, it is not practical to signal this information over slow interface such as Xn interface.
Observation 8: Information exchange of list of preferred & non-preferred beams among gNBs over the Xn interface is only practical for semi-static list of preferred & non-preferred beams.  Such a semi-static list of preferred & non-preferred beams may degrade an aggressor’s gNB performance since there is no guarantee the victim gNB is receiving an uplink transmission that collides with the non-preferred beams from the aggressor thereby denying the aggressor gNB from using the best beam for its DL transmission.
Observation 9: Dynamic signalling of list of preferred & non-preferred beams OTA between gNBs may not be practical if the list of preferred & non-preferred beams is too large.
Observation 10: As per TS38.211, a TDD UE expects a time gap of at least NTX-RX = 13 s or 7 s for FR1 and FR2 respectively between the end of an UL transmission and the start of a DL reception for UL to DL switching and this time gap is provided by setting NTA,offset = 13 s.
Observation 11: Setting NTA,offset ≤ 0 to align an UL transmission with an aggressor gNB’s DL transmission, i.e. CLI, at a victim gNB’s receiver may lead to:
· insufficient time gap (<NTX-RX) at the UE between the end of the UL transmission and the start of a DL reception for UL to DL switching
· self-interference at the victim gNB for NTA,offset < 0 due to the UL reception extending beyond the UL slot and into a subsequent DL slot and a DL transmission starting at that DL slot.
Observation 12: A victim gNB requesting an aggressor gNB to power down its DL transmit power over the Xn interface is not practical due to the delay over such interface. This may negatively impact the performance of the aggressor gNB without any benefit to the victim gNB, since the aggressor gNB may power down its DL transmission whilst the victim gNB has no uplink reception.
Proposal 1: Support using CD-SSB and NCD-SSB for gNB-gNB measurement and the exchange of their configurations among gNB.  Consider CSI-RS for gNB-gNB measurement.
Proposal 2: For UL resource muting to improve gNB-gNB CLI measurements, use non-transparent UL resource muting, where the gNB semi-statically configures one or more RE muting patterns for the UE, i.e., the UE is aware of which REs are muted.
Proposal 3: The gNB dynamically enables/disables RE muting for an UL/DL transmission and if multiple RE patterns are configured, the gNB indicates which RE muting pattern to apply in the dynamic grant.
Proposal 4: RE muting on REs containing gNB RS is conditional upon the transmission parameters, such as the L1 priority or MCS of the UL transmission.
Proposal 5: Support information exchange of semi-static SBFD time and frequency configurations among gNB.
Proposal 6: Support OTA gNB-gNB signaling to exchange dynamic scheduling information such as L1 priority among gNBs.
Proposal 7: Consider the practicality of exchanging information of list of preferred & non-preferred beams among gNBs.
Proposal 8: Support gNB-gNB timing alignment for CLI handling.
Proposal 9: Add a time alignment offset TUL to the overall timing advance, TTA = NTA + NTA,offset + TUL for UL transmissions so that the UL transmission is OFDM symbol aligned with any inter gNB DL CLI at the victim gNB’s receiver and also so that there is a sufficient time gap at the UE between the end of an UL transmission and the start of a DL reception for UL to DL switching.
Proposal 10: gNB-gNB power control is no longer considered in this WI.

	NTT DOCOMO, INC [21]
	Proposal 1: gNB-to-gNB co-channel CLI measurement based on NZP CSI-RS and/or NCD-SSB should be considered with exchange of information about measurement resources between gNBs.
Proposal 2: Exchange of TDD configuration should be enhanced with supporting SBFD configuration.
Proposal 3: Spatial domain coordination method should be carefully considered with signaling overhead.
Proposal 4: The issue on timing misalignment between UE and gNB transmission and reception should be low priority.
Proposal 5: Power control based solution for CLI handling should be low priority.

	WILUS [22]
	Proposal 1: For UE non-transparent UL muting for gNB-to-gNB co-channel CLI handling, UE behaviours on UL muting resources should be further investigated with respect to the UL signal/channel and PHY priority.

	Ericsson [23]
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	ETRI [24]
	Proposal 6: SSB dedicated to gNB-to-gNB co-channel CLI measurement (e.g., NCD-SSB) can be considered.
Proposal 7: It is necessary to support information exchange between gNBs to share configuration information (e.g., reference signal configuration) for gNB-to-gNB CLI measurement. 
Proposal 8: It is necessary to discuss the misalignment between victim gNB’s UL reception timing and DL reception timings of CLI reference signals from aggressor gNBs and relevant specification impacts. 

	Google Inc [25]
	Proposal 1: Specify gNB-to-gNB co-channel CLI measurement and channel measurement based on SSB/CSI-RS.
Proposal 2: Coordinate CSI-RS configurations between different gNBs to reduce impact on CLI estimation performance at the victim gNB. 
Proposal 3: Take the victim gNB power consumption into consideration when designing the gNB-to-gNB co-channel CLI measurement mechanisms
Proposal 4: Specify spatial domain coordination schemes in Rel-19.
Proposal 5: Specify mechanisms for the exchange of NCD-SSB/CSI-RS configuration information between gNBs to support inter-gNB CLI mitigation strategies (in coordination with RAN3, e.g., leveraging X2/Xn interfaces).
Proposal 6: No support for gNB transmit power adjustment in Rel-19. 
Proposal 7: Specify  inter-gNB SBFD configuration information exchange to enhance gNB-gNB CLI measurement and coordination

	LG Electronics [26]
	Observation 1. For SBFD-specific inter-gNB CLI of aligned SBFD configuration, 
· SBFD gNB is potential victim gNB for both intra-subband and inter-subband CLI.
· Intra-subband and inter-subband CLI can be measured within UL subband by victim gNB.
Proposal 6. For inter-gNB CLI handling, spatial domain coordination is supported
· Information exchange between gNBs should be specified for channel measurement and/or SBFD configuration.

	MediaTek Inc [28]
	Error: Reference source not found.




3.2 Summary
In this meeting, companies shared their views on gNB-to-gNB co-channel CLI handling schemes. Based on the companies’ input, four schemes are provided, i.e., spatial domain based schemes, advanced receiver based schemes, coordinated scheduling in time and/or frequency based schemes, and power control based schemes. For discussion in this meeting, moderator recommends companies focus on these four schemes for gNB-to-gNB co-channel CLI handling. 
In addition, gNB-to-gNB co-channel CLI and channel measurement are also widely discussed. However, according to moderator’ understanding, gNB-to-gNB co-channel CLI measurement cannot reduce/resolve gNB-to-gNB co-channel CLI directly but rather the enabler for the aforementioned four CLI handling schemes (i.e., spatial domain based schemes, advanced receiver based schemes, coordinated scheduling in time and/or frequency based schemes, power control based schemes). So moderator provides a summary in section 3.2.5 as enabler for gNB-to-gNB co-channel CLI handling schemes.

3.2.1 Scheme#1: Spatial domain based schemes
Spatial domain based schemes are proposed for gNB-to-gNB co-channel CLI handling by Huawei, Hisilicon, ZTE, Qualcomm Incorporated, Spreadtrum Communications, New H3C, Tejas Networks Ltd, Vivo, CMCC, InterDigital Inc, Samsung, Google Inc, LG, CATT, Xiaomi, Samsung, Lenovo, Nokia. 
Two kinds of spatial domain solutions are discussed: beam nulling and beam paring.
· Beam nulling
Beam nulling are proposed by Huawei, Hisilicon, ZTE, Spreadtrum Communications, New H3C, Tejas Networks Ltd, Vivo, CMCC, InterDigital, Inc, Samsung, Google Inc, LG. 
Ericsson would like to clarify whether it is the aggressor or the victim performing the channel measurement. Ericsson thinks there is a mismatch in the channel measurement between Tx and RX panels and the dynamic nature of the spatial domain renders such dynamic exchange of information infeasible. 
Huawei, Hisilicon, ZTE, CMCC’ discussion and proposals show that beam nulling can significantly reduce BS receiver blocking issue especially when sub-band RF filter is not applied.
Generally, there are mainly two schemes discussed to conduct beam nulling: gNB-to-gNB steering vector based scheme and gNB-to-gNB channel measurement based scheme. The evaluation results provided by Huawei, Hisilicon documented in TR 38.858 show that both two beam nulling schemes are beneficial to reduce the blocking at gNB side to achieve better UL performance of SBFD for all SBFD alternatives and all load levels. ZTE also provides some evaluation results in this meeting and observes that beam nulling can bring clear UL UPT gain for cell edge UEs for all RU cases for both SBFD and dynamic TDD.

Specification impact
The potential specification impact is to define reference signals for gNB-to-gNB channel measurement and information exchange between gNBs of the measure resource configuration and/or measurement reports.
For the measurement procedure, there may be two possible solutions. 
· Alt.1: Victim gNB performs measurement on the RS transmitted from aggressor gNB and feedback the channel information to the aggressor gNB. 
· Alt.2: Aggressor gNB performs measurement on the RS transmitted from victim gNB. The aggressor gNB can use the victim-to-aggressor channel information for beam nulling

· Beam paring
Beam paring are proposed by Huawei, Hisilicon, ZTE, Qualcomm Incorporated, CMCC, CATT, Xiaomi, Samsung, Lenovo, Nokia. 
Sony, NTT DOCOMO, Ericsson has negative views on beam paring. Sony and Ericsson think dynamic signalling of beams information between gNBs may be unpractical and infeasible. NTT DOCOMO proposes that exchange signaling overhead between gNBs may be problem and should be carefully considered.

Specification impact
The potential specification impact mentioned by companies includes defining reference signals for gNB-to-gNB CLI measurement and information exchange of measurement resource configuration among gNBs, indicating DL beam indication from aggressor gNB, and/or preferred/restricted DL beam information and associated resource configuration.



3.2.2 Scheme#2: Advanced receiver based schemes
Huawei, Hisilicon: The MMSE-IRC receiver can effectively suppress gNB-to-gNB CLI in spatial domain, because the Macro BSs are equipped with a large number of antennas. To ensure that the MMSE-IRC receiver can effectively suppress gNB-to-gNB CLI, both the UL channel for the desired signal and the spatial characteristics of the interference, i.e., interference covariance matrix , should be estimated accurately.
Tejas Networks Ltd: The estimated covariance matrix is then incorporated into the victim gNB’s LMMSE-IRC receiver to form an enhanced LMMSE-IRC (E-LMMSE-IRC) receiver for UL reception.
Nokia: Advanced receivers are applicable to SBFD scenarios with intra-subband gNB-to-gNB CLI. Study whether advanced receivers can be used for inter-subband gNB-to-gNB CLI handling.
CMCC: 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. 
Ericsson: The benefits for reception on UL. Muting of UL resources can then be used to facilitate estimation of gNB-to-gNB (DL-to-UL) interference at the gNB.
In summary, Huawei, Hisilicon, Tejas Networks Ltd, Nokia think that advanced receiver can be considered to suppress gNB-to-gNB co-channel CLI. CMCC and Ericsson do not propose advanced receiver based schemes but mention that UL resource muting at victim gNB side is useful to accurately estimate the interference covariance matrix. 

Specification impact
The potential specification impact mentioned by companies include introducing non-transparent UL resource muting patterns, e.g. RE-level, RB-level, power control on the symbols with RE-level UL resource muting, UL UCI bit mapping. These aspects need to be clarified 


3.2.3 Scheme#3: Coordinated scheduling in time and/or frequency based schemes
Coordinated scheduling in time and/or frequency are widely discussed by companies. While CMCC thinks that it is clear that the time/frequency domain based coordinated scheduling schemes are only valid for dynamic/flexible TDD. Considering the WID clearly excludes dedicated optimization for dynamic/flexible TDD, time/frequency domain based coordinated scheduling schemes should not be considered. 

Specification impact
Most companies think coordinated scheduling in time and/or frequency mainly up to gNB implementation. The main specification impact is to define reference signals for gNB-to-gNB channel measurement and information exchange between gNBs of the measure resource configuration and/or measurement reports.
Some companies including ZTE, Qualcomm Incorporated, New H3C, CATT, OPPO, Samsung, NEC, Panasonic, Lenovo, Sony, NTT DOCOMO, INC, Google Inc, propose to exchange semi-static SBFD time and frequency configuration among gNBs. ZTE thinks the gNB-to-gNB CLI can be accurately measured and effectively coordinated only after the related configuration (e.g., SBFD time/frequency, dynamic TDD) of the neighbouring gNB is obtained. However, CMCC thinks that although the knowledge among gNBs of semi-static SBFD time and frequency configuration can be beneficial depending on gNB implementation, it seems not necessary for semi-static SBFD.
Lenovo proposes that to enable coordinated scheduling/beamforming, support coordination/matching of TDD DL/UL on certain slots/symbols for use of high-interference beams.
Sony proposes to support OTA gNB-gNB signaling to exchange dynamic scheduling information such as L1 priority among gNBs.

3.2.4 Scheme#4: Power control based schemes
Power control based schemes are discussed by some companies.
· gNB Tx power control based schemes
Support (2): Nokia, Qualcomm Incorporated
Qualcomm Incorporated propose to support specify information exchange for DL Tx power adjustment to mitigate inter-gNB CLI. The final decision of DL Tx power at aggressor gNB will be up to gNB implementation. And inter-gNB CLI can be mitigated by coordinating and configuring slot-specific power control parameters for slots with CLI and without CLI for both SBFD and dynamic TDD. Support to specify semi-static configured PC parameters with less overhead. 
[bookmark: _Toc159244800]Nokia propose enhanced UE power control and gNB DL power scaling shall be considered as enablers for power-control based CLI handling solutions.

Not support/deprioritize (9): Huawei, Hisilicon, CMCC, CATT, Xiaomi, Sony, NTT DOCOMO, INC, Ericsson, Google Inc
Huawei, Hisilicon: Reducing DL Tx power will cause negative impact on DL performance, thus should be deprioritized.
CMCC: For gNB-to-gNB co-channel CLI handling, clarification of the specification impact for gNB Tx power adjustment scheme is needed.
CATT: Even though DL transmission power reduction of aggressor gNB can reduce gNB-to-gNB CLI, reduced cell coverage and the performance loss caused by degraded UE SINR in aggressor gNB introduced by DL power reduction should be taken into account.
Xiaomi: Deprioritize DL power enhancement for gNB-to-gNB CLI mitigation
Sony: gNB-gNB power control is no longer considered in this WI. A victim gNB requesting an aggressor gNB to power down its DL transmit power over the Xn interface is not practical due to the delay over such interface. This may negatively impact the performance of the aggressor gNB without any benefit to the victim gNB, since the aggressor gNB may power down its DL transmission whilst the victim gNB has no uplink reception.
NTT DOCOMO, INC: Power control based solution for CLI handling should be low priority.
Ericsson: Negative impact on DL coverage, requires inter-gNB information exchange.
Google Inc: No support for gNB transmit power adjustment in Rel-19.

· UE Tx power control based schemes
Support (6): ZTE, CMCC, Xiaomi, Nokia, MediaTek Inc, Ericsson
ZTE: Regarding gNB-to-gNB CLI handling in power domain, it should be supported to configure separate sets of power control parameters, such as, target received power(P0), pathloss compensating factor(α), closed power control loop states, configured maximum output power (), etc, for UL transmission in different resources with/without gNB-to-gNB CLI. 
CMCC: For gNB-to-gNB co-channel CLI handling, UE Tx power adjustment scheme can be discussed in AI 9.3.1.
Xiaomi: Reuse existing UL power control mechanism to combat the CLI from aggressor gNB.
Nokia: Enhanced UE power control and gNB DL power scaling shall be considered as enablers for power-control based CLI handling solutions.
[bookmark: _Ref158996167]MediaTek Inc: Support UL power boosting for gNB-to-gNB CLI handling.
Ericsson: Separate power control parameters in SBFD and non-SBFD symbols. Will be handled in 9.3.1.

Not support/deprioritize (4)：Huawei, Hisilicon, CATT, NTT DOCOMO, INC , 
Huawei, Hisilicon: For gNB-to-gNB CLI handling, increasing UL Tx power will have cause negative impact on DL performance, thus may not be feasible.
CATT: Power control based CLI handling solution is not supported. Increasing uplink transmission power can be a potential solution to alleviate gNB-to-gNB CLI effect. However, the increased UE-to-UE CLI generated from increased Tx power should be taken into account. 
NTT DOCOMO, INC: Power control based solution for CLI handling should be low priority.



3.2.5 Enabler for gNB-to-gNB co-channel CLI handling schemes: gNB-to-gNB co-channel CLI and channel measurement
gNB-to-gNB co-channel CLI and channel measurement are widely discussed by companies. The main specification impact is to enable the aforementioned four kinds of methods (i.e., spatial domain based schemes, advanced receiver based schemes, coordinated scheduling in time and/or frequency based schemes, power control based schemes). The following aspects are mainly discussed.
· Measurement framework
ZTE: A common understanding of the overall framework of gNB-to-gNB CLI handling should be clarified firstly. As depicted in Figure-2, a framework is provided for CLI handling between victim gNB and aggressor gNB. The interaction procedures for the proposed framework are summarized below.
[image: ]
Figure-2: Proposed Framework for Rel-19 gNB-to-gNB CLI handling


· Measurement channel(s)/signal(s)/resource(s)
NZP CSI-RS/SSB
NZP CSI-RS/SSB are proposed by most companies for gNB-to-gNB co-channel CLI and channel measurement. NZP CSI-RS can be aperiodic or semi-persistent CSI-RS and periodic CSI-RS. SSB can be CD-SSB or NCD-SSB dedicated for gNB-to-gNB co-channel measurement. In addition, for NZP CSI-RS, Huawei, HiSilicon and ZTE propose to support CSI-RS ports.

PDSCH/PDCCH
For interference covariance matrix measurement, PDSCH or PDCCH itself which cause gNB-to-gNB co-channel CLI are proposed by Huawei, Hisilicon, CMCC, etc. It can be enabled by UL resource muting discussed in advance receiver.

Other signals
Lenovo propose to study unified inter-cell CLI handling through transmitting SRS by aggressor gNB/UE and measuring interference by victim gNB/UE.

· Measurement and/or reporting metric
RSRP/RSSI
[bookmark: _Toc159244798]RSRP/RSSI are proposed by most companies for gNB-to-gNB co-channel CLI measurement. For example, a gNB measures RSSI of another gNB within UL subband, or, a gNB measures RSRP of another gNB within DL subband. Nokia propose to study the feasibility of CLI-RS transmissions and/or CLI measurement over the guard bands.

Channel information
For beam nulling, the channel information between gNBs are proposed to measure.

Beam level CLI measurement 
For beam paring, beam level (i.e., based on measurement result per SSB resource and/or per CSI-RS resource) CLI measurement are proposed. Preferred or non-preferred beam between gNBs are proposed to report.

Interference covariance matrix: 
For advanced receiver based schemes, interference covariance matrix are proposed to measure.

Other metric:
NEC propose to Define CLI sensitivity level as a measurement metric for gNB-gNB CLI measurements.

· Whether non-transparent UL resource muting are needed
Whether or support non-transparent resource muting are discussed for gNB-to-gNB co-channel CLI and channel measurement.
Support/prioritize (11): Huawei, Hisilicon, ZTE, New H3C, Tejas Networks Ltd, Xiaomi, NEC, Sony, WILUS, Lenovo, Ericsson
The arguments include better scheduling flexibility and resource utilization which result in better UL performance.
ZTE: Non-transparent-based UL resource muting methods should be prioritized. 
New H3C: Both options on the transparent/non-transparent UL resource muting method should be considered, different options can be used in different cases. Comparing with transparent UL resource muting, the non-transparent UL resource muting achieves better UL performance.
Tejas Networks Ltd: Option 2 (non-transparent UL resource muting scheme) for measuring gNB-to-gNB interference covariance matrix should be considered
Xiaomi: Non-transparent method of supporting UL reserved resource indication is slightly preferred
UE have the knowledge that the RE used for gNB-to-gNB CLI measurement. When gNB indicates a UE to transmit UL data on RB containing CLI RS or CLI resource, it only needs to drop the UL transmission overlapping with the muting resources indicated by gNB. In this case, better scheduling flexibility and resource utilization can be obtained
NEC: Support non-transparent UL rate matching/puncturing procedures at least for CLI measurement for periodic CSI-RS. 
Note that performing rate matching/puncturing of UL around periodic CSI-RS resources is much more efficient than network implementation-based scheduling restrictions (like avoiding scheduling UL on the resources to be used for CLI measurement), as such restrictions are likely to result in a larger number of unutilised UL resources (as compared to rate matching/puncturing) thus reducing spectrum efficiency.
Sony: For UL resource muting to improve gNB-gNB CLI measurements, use non-transparent UL resource muting, where the gNB semi-statically configures one or more RE muting patterns for the UE, i.e., the UE is aware of which REs are muted.The gNB dynamically enables/disables RE muting for an UL/DL transmission and if multiple RE patterns are configured, the gNB indicates which RE muting pattern to apply in the dynamic grant.
WILUS: For UE non-transparent UL muting for gNB-to-gNB co-channel CLI handling, UE behaviours on UL muting resources should be further investigated with respect to the UL signal/channel and PHY priority
Ericsson: Power control may have to be clarified and/or modified if RE-level UL resource muting is introduced. If non-transparent UL resource muting is standardized, it should be ensured that it works well also for DFT-s-OFDM.

Not support/deprioritize (6): Qualcomm Incorporated, Spreadtrum Communications, Vivo, Oppo, Panasonic, Lenovo
Qualcomm Incorporated: Not support RAN1 to introduce non-transparent UL muting for inter-gNB CLI measurement. Transparent UL muting without spec impact can already achieve the purpose for inter-gNB CLI measurement.
Spreadtrum Communications: For enhancements for gNB-to-gNB CLI handling, the benefit to specify UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix should be justified.
Vivo: For gNB-to-gNB co-channel CLI handling, non-transparent UL resource muting based IRC is not preferred.
Non-transparent UL resource has large UE implementation and specification impacts and is discouraged.
Xiaomi: UL resource muting for gNB-to-gNB CLI measurements, if supported in Rel-19, is transparent to UE.
Panasonic: For UL muting resource for gNB-to-gNB CLI measurement, transparent UL resource muting method should be supported.
When the number of RE in PUSCH allocation varies between symbols in non-transparent UL resource muting method, UE design becomes more complex since the total transit power or PSD among symbols within PUSCH varies with and without muting.
Lenovo: The impact on the PUSCH reception when receiving CLI measurement RS can be solved by gNB implementation.

Needs further study (3): CMCC, CATT, Nokia
CMCC: 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.
CATT: FFS whether non-transparent UL resource muting is adopted to enhance measurement accuracy.
Nokia: The penalty of UL muting should be accounted when deciding whether transparent or non-transparent UL muting should be supported.

· Information exchange between gNBs
gNB-to-gNB co-channel CLI and channel measurement and/or report configuration information and measurement results are proposed to be exchanged among gNBs.
In addition, SBFD time and frequency configurations are also proposed to be exchanged among gNBs by ZTE, Qualcomm Incorporated, New H3C, CATT, OPPO, Samsung, NEC, Panasonic, Lenovo, Sony, NTT DOCOMO, INC, Google Inc.

· Timing alignment issue for gNB-to-gNB co-channel CLI and channel measurement
Support (4): Xiaomi, ETRI, Sony, ZTE
Xiaomi: There is severe ISI between CLI RS and UL data at victim gNB side with non-zero  .
[bookmark: _Hlk126869353]One CLI RS symbol may result in two UL symbol unavailable at victim gNB side due to the misalignment of timing between CLI-RS arrival timing and UL timing.
For each UL/DL transition at victim gNB, at least one OFDM symbol is not available for the victim gNB if zero is configured.
ETRI: It is necessary to discuss the misalignment between victim gNB’s UL reception timing and DL reception timings of CLI reference signals from aggressor gNBs and relevant specification impacts.
Sony: Support gNB-gNB timing alignment for CLI handling.
Add a time alignment offset TUL to the overall timing advance, TTA = NTA + NTA,offset + TUL for UL transmissions so that the UL transmission is OFDM symbol aligned with any inter gNB DL CLI at the victim gNB’s receiver and also so that there is a sufficient time gap at the UE between the end of an UL transmission and the start of a DL reception for UL to DL switching.
ZTE: RAN1 further discusses potential solutions to address the timing misalignment issue for gNB-gNB CLI measurement. 
In order to obtain the accurate channel state information, the following methods focusing on the main part of timing difference, i.e., NTA_offset can be considered. 
· Method#1: gNB sets the NTA_offset as 0us since NTA_offset is the main contributor of the timing difference. In this case, gNB may need to reserve one symbol as the transition gap for each UL-to-DL switch. 
· Method#2: Victim gNB extracts the samples for the reference signal by deferring the starting point by 13us by implementation. This will impact the reception of signal from UE on the first symbol after the end of the reference signal, i.e., symbol 13 in Figure-5, because UE is not expected to change its UL transmission timing. Thus, one additional symbol after the reference signal needs to be muted. 
· Method#3: Introduce extended CP to cover the maximum time difference.

Not support (5): CATT, OPPO, NTT DOCOMO, INC, Lenovo, Ericsson
CATT: UE and gNB transmission/reception timing alignment based solution is not supported
RAN1 studied 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. But there was no conclusion on the impact. Besides, this solution is challenge for deployment scenario with multiple CLI sources. Since alignment of UL timing can only be performed with the strongest CLI, there will be performance issues when multiple CLI exist in the deployment.
OPPO: There are at least two challenges in CLI timing alignment in gNB-gNB CLI handling
· It is almost impossible for victim gNB to align arrival time of its served UL signal to all arrival timing of non-negligible CLI from surrounding aggressor gNBs.
· The CLI timing alignment in gNB-gNB CLI handling can result in at least one symbol loss of OFDM waveform integrity for most of SCS’s, leading to UL performance degradation.  
Ericsson: Not support, such dynamicity not feasible.
NTT DOCOMO, INC: The issue on timing misalignment between UE and gNB transmission and reception should be low priority.
Although the misalignment can be handled so that CLI at symbol #2 can be managed if some mechanism for this issue is introduced, CLI still happens at symbol #0 and #1. Therefore, general mechanisms for handling/mitigating CLI is more important than the mechanism for timing misalignment
Lenovo: If SSB (CD or NCD) is used for gNB-to-gNB CLI measurements, the issue with timing misalignment at the victim gNB between SSB reception from aggressor gNBs and UL reception from served UEs can be handled by implementation.

3.3 1st round discussion (Closed)
Proposal 2-1 
Proposed agreement
Consider the following candidate gNB-to-gNB co-channel CLI handling schemes for further down-selection
· Spatial domain based schemes	
· Beam nulling
· Beam pairing
· Advanced receiver based schemes
· 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 channel measurements are the enablers for the above CLI handling schemes. 

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

	Support
	New H3C, Sony, Spreadtrum, xiaomi, ETRI, CEWiT, Panasonic, CATT, NEC, Google, Nokia/NSB, Samsung, Lenovo, Tejas Networks

	Not support
	LG



	Companies
	Views

	Moderator
	The intention of this proposal is to go one small step towards down-selection, i.e., list the candidate schemes. The next step is to reach consensus on the potential specification impacts of each candidate scheme. 

	Sony
	I take it gNB-gNB measurement is exempt from down selection since it is included in most of the schemes.

	Ericsson
	If the intention is to list all the schemes in the TR, one could just agree to consider all the schemes in the TR 38.858 as the starting point. Moreover, Proposal 2-2 builds upon this initial proposal by providing further details, whereas Proposal 2-3 presents a contradiction by excluding Tx power control, which is included in this broader proposal. Therefore, we provide the modified proposal below. 
Proposal 2-1: (Modified by Ericsson)
RAN1 agrees to consider all the schemes listed in TR 38.858 sections 7.4 and 8.3 for further down-selection.

	NEC
	Enhanced support for various schemes are encouraged as it allows for a multitude of schemes

	LG
	For the beam nulling of spatial domain schemes, the captured scheme in TR is Tx beam nulling, not Rx beam nulling. It is more precise to mention that.
More importantly, advanced receiver based schemes should be removed because the WID is clearly saying that down-select among the schemes captured in TR and the advanced receiver based scheme is not captured in TR, which can be resolved by Ericsson’s suggestion.

	Google
	Ok with the proposal but to move forward more efficiently, it would be helpful to narrow down our proposals during this meeting. Perhaps we could start by removing the power control proposal, as it seems to have limited support.

	QC
	As captured in R18 TR, “gNB-to-gNB co-channel CLI and channel measurements” should be captured as a candidate scheme for down-selection too. Understood this scheme could be the enablers to other schemes, so we are okay to keep the Note.

Based on the WID, the down selection should be based on the schemes captured in the TR 38.858, and there was no scheme captured for “Advanced receiver based schemes”.
	· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 




	NTT DOCOMO
	We share similar view with QC that the down selection should be discussed based on the schemes captured in TR according to WID to avoid potential confusion.
In addition, we would like to prioritize schemes for CLI measurement and DL/UL information exchange, as those are straightforward mechanisms to obtain useful information for CLI handling with limited impact (e.g., just exchanging semi-static configuration information between gNBs). Based on proposal 2-2, we understand that gNB-gNB co-channel CLI measurement is covered as enabler for Beam nulling/pairing. 
If we are going to remove some candidate scheme as a first step of down-selection, we suggest to remove power control based scheme i.e., we support proposal 2-3.

	ZTE
	We think the gNB reception timing alignment for CLI measurement should be included since it may have impact to the measurement.

	Tejas Networks
	We would like to consider all the schemes as listed in TR 38.858 however we would also like to consider the combination of the different schemes.

	Moderator
	On the comments regarding whether advanced receiver based schemes are in the TR or not, the moderator’s understanding is that it is listed in the section 8.3 of TR 38.858 and there is no deprioritization during the SI. The schemes in section 8.3.1A belong to this category.
On the comments regarding the whether gNB-to-gNB channel and CLI measurement and reporting should also be listed. The moderator’s understanding is that it is the enabler for detailed CLI handling schemes. It is not the moderator’s intention to rule out the discussion of gNB-to-gNB channel and CLI measurement and reporting. Hope this clarifies.
Hence the proposal is not changed

Proposed agreement
Consider the following candidate gNB-to-gNB co-channel CLI handling schemes for further down-selection
· Spatial domain based schemes	
· Beam nulling
· Beam pairing
· Advanced receiver based schemes
· 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 channel measurements are the enablers for the above CLI handling schemes.




Proposal 2-2 
Proposed agreement
Consider the following table for the down-selection of gNB-to-gNB co-channel CLI handling schemes
	gNB-to-gNB co-channel CLI handling schemes
	Enabler
	Potential specification impact

	Spatial domain based schemes
	Beam nulling
	gNB-to-gNB channel measurement
	· Reference signals for channel measurement
· Information exchange of measurement resource configuration (NZP CSI-RS) 
· Information exchange of channel measurement
· Non-transparent UL resource muting 

	
	Beam pairing
	Beam-level gNB-to-gNB CLI 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
· Non-transparent UL resource muting

	Advanced receiver based scheme
	MMSE-IRC receiver 
	· Non-transparent UL resource muting

	Coordinated scheduling in time and/or frequency
	Information exchange
	· Information exchange of semi-static SBFD time and frequency configuration

	Power control based schemes
	gNB Tx power control
	Information exchange
	· Information exchange of recommended DL power adjustment

	
	UE Tx power control
	Separate UL power control settings
	· Separate power control parameters in SBFD and non-SBFD symbols


Note: The above does not imply that all listed potential specification impacts for a given CLI handling scheme will be specified.
Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	New H3C, NEC

	Not support
	LG, Nokia/NSB, Samsung, Lenovo



	Companies
	Views

	Moderator 
	The intention of this proposal is to reach consensus on the potential specification impacts of each candidate scheme. 

	vivo
	For Advanced receiver based scheme, both transparent/Non-transparent UL resource muting can make this scheme work well. For Non-transparent UL resource muting, more spec impacts are identified. Such as impact on DFT operation, TBS determination, resource mapping, UCI multiplexing (including determination of the number of REs used for UCI and UCI mapping rule), colliding with DMRS/ PTRS, power control issue, etc.

	Sony
	We would like to consider OTA signaling among gNB for coordinated scheduling.

	Spreadtrum
	We have two comment on the table.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]First, list the necessary specification impact in the table and the optional specification impact with bracket optional. For example, “Non-transparent UL resource muting” in beam nulling and beam pairing can be optional.
Second, since implementation complexity is one of the principle for down-selection. It should be added for this table.

	Ericsson
	We cannot support this proposal. 
There are too many details that needs to be discussed before we can decide to consider this table. For example, the implications of the specification impact in RAN1 and RAN3 is not clear. In RAN1, reference signals need to be identified and transmitted, and the actual gNB-gNB channel estimation would impact the performance gains of SBFD which was not considered during the evaluations in the SI phase. Regarding information exchange, it is crucial to not just list what information can be exchanged but also between whom, how frequent this information needs to be and why. The boundary and scope of the problem needs to be defined in RAN1.  

We propose to consider each scheme separately and identify not just specification impact but also anticipated performance gains and impacts (preferably through simulations), operational scope/limitations/details and implementation complexity in the discussion before deciding to down select as highlighted in our comments to proposal 1-1.  


	LG
	It seems proposal 2-2 and proposal 3-2 is similar in terms of how it is described. However, the level of description on potential specification impact seems quite different. To match it, either simplified description in this proposal or detailed description seems required. If we take the latter option, details of potential specification impact should be clarified.
For example, the procedure how the information is exchanged among gNBs considering the limitation on Xn/F1 interface, how the information is formulated and following specification impact of non-transparent UL resource muting, e.g., power control and muting pattern and whether it is rate-matched or punctured.
As commented above, advanced receiver based scheme should be removed. And lastly, it is our understanding that non-transparent UL resource muting is not needed for beam steering since it is analogue beam steering on the direction where the victim gNB is absent.

	Google
	We agree with Ericsson, it is early to agree on such a table. Each solution should be discussed to assess the performance gain, the spec impact and the complexity before concluding with a summary table. 

	QC
	Firstly, as commented on proposal 2-1, “gNB-to-gNB co-channel CLI and channel measurements” should be captured as a candidate scheme for down-selection in the table.
	gNB-to-gNB co-channel CLI handling schemes
	Enabler
	Potential specification impact

	gNB-to-gNB co-channel CLI and channel measurements
	gNB-to-gNB co-channel CLI and channel measurements
	· Information exchange of measurement resource configuration (NZP CSI-RS / SSB) 



For beam nulling, 1) it depends on inter-gNB channel estimation and non-transparent UL muting is not necessary to enable this scheme. Transparent UL muting or legacy symbols can be used and can be up to gNB implementation. This bullet can be removed to our view in beam nulling bullet. 2) not quite understand the spec impact on “Reference signals for channel measurement”, the configuration could be up to gNB implementation. 3) Information exchange of channel measurement is not clear to us of what information will be exchanged and the overhead.

For beam pairing, non-transparent UL muting is not needed for FR2. Again, transparent UL muting or legacy symbols can be used and can be up to gNB implementation. This bullet can be removed to our view.

For advanced receiver based scheme, similar concern as proposal 1-1. 
And for non-transparent UL resource muting, no spec impact is listed in the table. E.g. how to define non-transparent UL muting, impact on UL procedures e.g. UCI mapping, power allocation, colliding with PTRS, etc. In addition, as proposal for 1-1, impact on UL waveform, power fluctuation and UE complexity need to be considered as well.

	Nokia, NSB
	The above table doesn’t reflect all the proposals from the companies. With the given Moderator intention, we recommend that the above table is just informative for further discussion. 

	Samsung
	We prefer to first discuss more in detail the expected specification impacts.

	NTT DOCOMO
	As we commented for proposal 2-1, we would like to discuss down-selection based on schemes captured in TR to avoid potential confusion.
In that sense, we share similar view with QC.

	ZTE
	Non-transparent UL resource muting should be only included in the advanced receiver based solution since it is not related to the spatial domain based scheme. In addition, the transparent scheme should also be include as discussed in the SI.

	Lenovo
	More discussion is needed.

	Moderator 
	The intention of the proposal is to list the potential specification impacts for all the schemes. It is possible to discuss the schemes one-by-one.



Proposal 2-3
Proposed agreement
Power control based schemes are not considered in the down-selection of gNB-to-gNB co-channel CLI handling schemes.
Note: UE Tx power adjustment scheme can be discussed in AI 9.3.1.

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

	Support
	New H3C, vivo, Sony, xiaomi, ETRI, CATT, LG, Google, Samsung, NTT DOCOMO

	Not support
	Spreadtrum, NEC, Nokia/NSB, Lenovo



	Companies
	Views

	Spreadtrum
	We think power control based schemes should first be discussed in AI 9.3.3 rather than AI 9.3.1. Because in AI 9.3.3, performance evaluation should be taken into account and benefit should be given to decide whether this scheme should be supported or not. With the conclusion  to support the scheme in AI 9.3.3, AI 9.3.1 can discuss the detail of it.

	Ericsson 
	[bookmark: _Toc159240670]While we're open to endorsing this proposal, it's important to uniformly apply the criterion of DL performance degradation across all schemes. For instance, beam nulling also impacts DL performance as it uses some degrees of freedom for nulling that could be used for DL transmission. Hence, we suggest establishing DL performance impact as a standard metric for evaluating all proposed schemes. We have a proposal in our contribution -
Proposal 2: If gNB-gNB co-channel CLI mitigations are agreed to be evaluated, RAN1 should agree on a maximum allowed DL performance degradation.


	CATT
	We are fine with the proposal, but would like to clarify what ‘UE Tx power adjustment scheme’ in the Note refers to.

	NEC
	It is important to keep all schemes on the table for duplex work. In particular, UL Tx power control for CLI handling may be of great importance in the future.

	Google
	We support the proposal.

	QC
	Not sure why power control based schemes are excluded in the down selection in this early stage. Companies showed clear benefits on UL performance with this scheme and the DL performance impact is limited.

Also, for UE Tx power adjustment scheme, does that mean it will be treated in agenda 9.3.1? 

	Nokia/NSB
	Power control-based solution is clearly addressing CLI handling and it is too early to make early down-selection in the first meeting. Regarding to Note, we still think there 
could still be room for CLI-specific power control enhancements. 

	ZTE
	This proposal seems that power control based solution is not beneficial for the CLI handling and thus not considered in this section. Since UL Tx power adjustment scheme can be discussed in 9.3.1, we can just simply exclude the DL power control based solution at this stage.

	Lenovo
	Agree with Nokia’s comment.

	Moderator
	Note that we need to do down-selection among all schemes. The reason why power control is deprioritized is according to the companies’ input. Note the evaluations in the TR are for dynamic/flexible TDD. A modified version is provided below

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




The following were agreed during the online session on Tuesday

Proposed agreement version 2
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.
3.4 2nd round discussion (Open)
 Based on the feedback in the first round, an updated proposal is provided below


Proposal 2-2a 
Proposed conclusion
Consider the following for the down-selection of gNB-to-gNB co-channel CLI handling schemes as a starting point
	gNB-to-gNB co-channel CLI handling schemes
	Enabler
	Potential specification impact
	Performance evaluation
	Operational details

	Spatial domain based schemes
	Beam nulling
	gNB-to-gNB channel measurement
	· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Reference signals for channel measurement
· Information exchange of measurement resource configuration (NZP CSI-RS) 
· Information exchange of channel measurement
	Section 7.4.2.1.3 of TR 38.858:
[bookmark: MCCQCTEMPBM_00001343]-	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 performs measurement on the RS transmitted from aggressor gNB and feedback the channel information to the aggressor gNB. 
· Alt.2: Aggressor gNB performs measurement on the RS transmitted from victim gNB. 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

	
	Beam pairing
	Beam-level gNB-to-gNB CLI 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
	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 

	UL resource muting based scheme
	RE/RB-level rate matching for PUSCH
	· Non-transparent UL resource muting, e.g., comb-2 RE-level or RB level UL resource muting pattern for PUSCH
	Section 7.4.2.2.3 of TR38.858
[bookmark: MCCQCTEMPBM_00001361]-	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 

	Coordinated scheduling in time and/or frequency
	Information exchange
	· 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 UL power control settings
	· Separate power control parameters in SBFD and non-SBFD symbols
	No evaluations for SBFD
	· Potential impact to DL performance
· Same specification impact if separate power control for PUSCH for SBFD and non-SBFD is supported in 9.3.1


Note: The above does not imply that all listed potential specification impacts for a given CLI handling scheme will be specified.


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

	Support
	Spreadtrum, Tejas Networks,New H3C, Sony, CEWiT, Samsung, NEC(check comment), ETRI (w/ comment)

	Not support
	vivo



	Companies
	Views

	Spreadtrum
	[bookmark: OLE_LINK6][bookmark: OLE_LINK5]We are fine with this proposal in principle. But we have three comments. First, from our view, “Reference signals for channel measurement” is also the potential specification impact for beam pairing and “gNB-to-gNB channel measurement” in the Enabler should be “gNB-to-gNB channel measurement and reporting”. Second, according to the agreement of down-selection list agreed yesterday. “UL resource muting based scheme” is not in the list, it will be more appropriate to it into some of the schemes. Third, since “gNB-to-gNB channel measurement and reporting” is in the down-selection list, the detail part of it should be listed although we think it is a bit weird.

	Tejas Networks
	Power control-based scheme and coordinated scheduling schemes were not studied for SFBD in SI phase. We propose further study on these schemes for SBFD before down selecting.

In our view Non-transparent UL resource muting at RB level is similar to transparent UL resource muting and can be enabled with the current specification. We propose further study on Non-transparent UL resource muting at RE level. 

For Beam Nulling scheme we prefer Alt.2 for gNB-gNB  channel measurement.

We also suggest combination of different schemes needs to be evaluated further.

	Ericsson 
	1. Although this table is good for informative purposes, we have already agreed on a general set of schemes to downselect from. On that regard we should use the schemes agreed for down-selection in the discussions.
2. We propose to address the schemes individually and have a separate proposal for each scheme. To allow for inclusion of more details that are missing in some of the schemes. This ensures the table doesn’t become too big to process.  For example in beam nulling, it is not clear what the neighbouring gNBs should do if a Victim gNB or an aggressor gNB transmit RS for gNB-gNB channel measurement. How frequently can this information be exchanged, what exact quantities/payloads and many such details are missing in the table. 
3. We recommend assessing the specification impact on RAN1 and RAN3 specifications and clearly identifying aspects relevant to RAN1. 



	NEC
	We have a concern on following: Coordinated scheduling in time and/or frequency-> “Coordinated scheduling in time and frequency domain is only possible at low and medium loads”
We think that this is applicable only for the exchange of dynamic scheduling information. But for the case of SBFD time/frequency configuration exchange which is semi-static, such a restriction should not be imposed. Hence, we prefer to reword this as following:

Coordinated scheduling in time and frequency domain is only possible at low and medium loads to exchange dynamic scheduling information

	LG
	It seems good starting point to discuss the details of schemes in several aspects but seems too premature. Ericsson’s suggestion to have individual proposal for each of schemes seems fine to us. But if we are going to stick to the way that FL suggested, we have several comments.
 It is our understanding that the aspects we need to specify for comparison among the schemes should be based on the conclusion we made in Tuesday. At least performance benefits based on analysis should be included to the performance evaluation or at least a new column for it should be added. 
And it seems name of the schemes and enablers are not quite aligned to the previous agreement. 

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.

Moreover, it is our understanding that the UL resource muting based scheme is method for channel measurement between gNBs, reference signals for channel measurement, information exchange of measurement resource configuration (NZP CSI-RS), information exchange of channel measurement should be added. Lastly, we do not think enabler of each schemes are not revealed yet because companies have different understanding on same schemes.
In a nutshell, we kindly suggest to modify at least for the first three column as follows;

	gNB-to-gNB co-channel CLI handling schemes
	Enabler
	Potential specification impact

	Spatial domain based schemes
	Beam nulling
	gNB-to-gNB channel measurement
	· Reference signals for channel measurement
· Information exchange of measurement resource configuration (NZP CSI-RS) 
· Information exchange of channel measurement

	
	Beam pairing
	Beam-level gNB-to-gNB CLI 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

	UL resource muting based schemegNB-to-gNB co-channel CLI and/or channel measurement
	RE/RB-level rate matching for PUSCH
	· Non-transparent UL resource muting, e.g., comb-2 RE-level or RB level UL resource muting pattern for PUSCH
· 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

	Coordinated scheduling in time and/or frequency
	Information exchange
	· Information exchange of semi-static SBFD time and frequency configuration
· OTA gNB-to-gNB signaling to exchange dynamic scheduling information, e.g. L1 priority

	Power control based schemes
	UE Tx power control
	Separate UL power control settings
	· Separate power control parameters in SBFD and non-SBFD symbols



Lastly, we have a clarification question that when the companies provide the evaluation results on the next meeting, will it be added to this table? And there would be specification impact of each of schemes that has not revealed yet, will it be added also?

	ETRI
	Reception timing alignment for CLI/channel measurement is a potential specification impact that should be considered.

	NTT DOCOMO
	We share similar view with Ericsson that it is better to discuss each scheme individually. We don’t think it is efficient to try to agree on all the contents at one time.

	vivo
	For UL muting, some companies’ comments in first round are not reflected in this table.
For Non-transparent UL resource muting, more spec impacts are identified. Such as impact on TBS determination, PUSCH resource mapping, UCI multiplexing (including determination the number of REs used for UCI and UCI mapping rule), colliding with DMRS/ PTRS, power control issue, etc.

	QC
	We have a couple for comments for the summarizing table:

We agree with other companies to follow agreed schemes.

For beam nulling, for current version covers only Tx beam nulling from our understanding, to our view, Rx beam nulling can also help inter-gNB CLI mitigation. Suggested to add:
For Rx beam nulling, one possible measurement procedure, Victim gNB performs measurement on the RS transmitted from aggressor.

For Reference signals for channel measurement as spec impact, our understanding is that we can reuse existing NZP CSI-RS, no spec impact on it.

For the bullet of “Signaling overhead and latency of information exchange over non-ideal backhaul and its impact on performance”, it should not apply only to beam pairing, for beam nulling e.g. exchange of channel measurement has more signalling overhead.

For non-transparent UL muting, the spec impact is missing in the table, from our understanding, spec impact can be:
· Configuration/indication of the muting pattern.
· UL procedures, e.g. power allocation, UL RE/RB rate-matching procedure, UCI multiplexing and PTRS mapping in muted symbols

For UE power control, if it is TBD in 9.3.1, then we don’t need the discussion here.


	Moderator
	On whether we should discuss the scheme one by one or put everything in a big table, the moderator’s understanding is that in the end, we anyway need to compare the schemes taking all aspects into account. There seems no big difference either way.
On the suggestion to modified the first columns, there will be a lot of duplications in the table if we go that way. On the unidentified specification impact, I think we have sufficient discussions, we should have a clear scope for normative work once down-selection is performed. 
On vivo’s comments, some further discussion is needed whether companies share the same understanding. 
The proposal is not modified.



Proposal 2-3a
Proposed agreement
UL Tx power control based schemes are not considered in the down-selection of gNB-to-gNB co-channel CLI handling schemes.
· Note: Support of separate power control in SBFD and non-SBFD symbols can be discussed in AI 9.3.1.
Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	New H3C, Ericsson, Sony, Samsung, LG, ETRI, NTT DOCOMO

	Not support
	Spreadtrum, Tejas Networks,



	Companies
	Views

	Spreadtrum
	We should first discuss the scheme of UL Tx power control based schemes and then give the conclusion. 
On the other hand, if UL Tx power is excluded from the down-selection list, does it mean separate power control in SBFD and non-SBFD symbols are not needed.

	Tejas Networks
	Performance evaluation of UL Tx power control for SBFD is not studied in SI phase. Further study needs to be done to evaluate the performance benefits before down selection.

	Ericsson
	UL power is not a dominating factor in gNB-gNB CLI and it need not be optimised. We can focus our energy on schemes that actually could work.  

	LG
	Given that there are so much things to do for down-selection within several meetings, it seems good to narrow down, if possible

	Moderator
	The intention is to simply the discussion by shorting the long list. The proposal is not changed.

	
	

	
	

	
	

	
	

	
	



4. UE-to-UE co-channel CLI handling schemes
4.1 Submitted proposals  
	Company
	Description

	Huawei, Hisilicon  [1]
	Observation 6: L3 UE-to-UE CLI measurement based coordinated scheduling has similar DL average-UPT gain compared to L1 UE-to-UE CLI measurement based coordinated scheduling for all load levels.
Observation 7: For UE-to-UE CLI handling, power control based schemes may not be feasible and necessary.
Proposal 8: Support L3 based UE-to-UE CLI measurement and reporting with some necessary enhancements and deprioritize L1/L2 based UE-to-UE CLI measurement and reporting.
Proposal 9: Spatial domain coordination is deprioritized for UE-to-UE co-channel CLI handling.

	ZTE [2]
	Observation 9: The UE is difficult to derive the reception timing accurately for UE-to-UE CLI measurement without any information exchange, especially in the typical deployment, e.g., HetNet, of Rel-19 SBFD. 
Proposal 15: Timing alignment solution on measurement RS transmission for UE-to-UE CLI should be supported in Rel-19. 
· For example, exchange timing related information for reception of measurement RS. 
Proposal 16: L1-based UE-to-UE CLI measurement and reporting should be supported for SBFD operation.
Observation 11: Wideband CLI measurement and reporting may fail to reflect the changes of inter-subband interference in different frequency resources. 
Proposal 17: For L1-based reporting, aperiodic reporting and reporting according to defined conditions should be supported to reduce the reporting overhead and measurement effort. 
· FFS: whether/how the L1 reporting and L3 reporting for the CLI co-exist with each other.

	Qualcomm Incorporated [3]
	Observation 1: L1/L2 based inter-UE CLI measurement and reporting is beneficial for faster CLI aware gNB scheduling and intra-cell DL/UL UE pairing for SBFD operation.
Observation 2: L1/L2 based inter-UE CLI measurement and reporting is beneficial for CLI aware compatible beam/beam pair identification and selection.
Observation 3: L1/L2 based inter-UE CLI measurement and reporting is beneficial for latency reduction.
Proposal 1: Support RAN1 specification of enhancements of co-channel CLI measurement and reporting in R19 work item:
· For L1/L2 UE-to-UE CLI measurement, periodic, semi-persistent, or aperiodic measurement resource.
· For L1/L2 UE-to-UE CLI reporting, periodic, semi-persistent, aperiodic reporting.
· Use existing CSI framework as the baseline
Proposal 2: RAN1 considers specifying one or both schemes for CLI measurement and report: 
· Scheme 1: Explicitly capture CLI in separate new CLI reportQuantity metrics, e.g. SRS-RSRP and CLI-RSSI
· Potential spec impact: separate CLI resources and new reportQuantity configuration 
· Scheme 2: Implicitly capture CLI in existing CSI report e.g. via existing CQI and L1-SINR metrics
· Potential spec impact: enhance existing CSI framework by adding configuration of IMR dedicated for inter-UE CLI in a CSI-ReportConfig
Proposal 3: Support RAN1 to specify UE Rx beam (QCL-D) configuration and indication per CLI measurement resource (e.g. for top X DL beams or active DL beams) for enabling CLI-aware gNB beam management for CLI mitigation, as enhancement of CLI measurement and reporting.
Proposal 4: Support to specify information exchange between gNBs for UE-to-UE CLI measurement resource configuration including time/frequency resources and beam indication.

	Spreadtrum Communications [4]
	Proposal 6: For enhancements for UE-to-UE CLI handling, specify inter-UE inter-subband CLI measurement/report.
Proposal 7: L1/L2 UE-to-UE CLI measurement and reporting should not be taken into account in Rel-19 normative work.


	New H3C Technologies Co., Ltd [5]
	Proposal 14: A new usage of the SRS resource can be introduced during the configuration of the SRS resource, which is CLI measurement, the SRS resource used for CLI can be configured to periodic, aperiodic and semi-persistent.
Proposal 15: The central controller can be used to coordinate the SRS resource configuration between different gNBs, the SRS resource is identified by gNB ID + SRS resource set ID + SRS ID or gNB ID + SRS resource ID.
Proposal 16：The SRS resource for CLI can be configured to cell-specific, UE-specific or group-common. There should be a trade-off between the resource efficiency and the measurement precision.
Proposal 17: The CLI reporting can be an independent reporting or a joint reporting together with legacy reporting, such as SR, HARQ ACK, CSI, and can be periodic or event-triggered. Each CLI reporting should be linked to a dedicated SRS configuration.
Proposal 18: The new reporting quantity SRS-RSRP and CLI-RSSI can be configured for CLI reporting.
Proposal 19: The CLI measurement results of all the interference gNB can be reporting in one single CLI reporting. The CLI measurement results related to one gNB has it unique result ID. For each CLI result, the SRS-RSRP related to the SRS resources should be sorted by the SRS resource ID, from smallest to largest.
Proposal 20: The PDSCH scheduling scheme should be considered in case of the overlapping with SRS for CLI. Two options are considered: No PDSCH scheduling or PDSCH RM. The scheduling scheme is determined by gNB.


	vivo [7]
	Error: Reference source not found
Error: Reference source not found
Error: Reference source not found
-	Method#1: victim UE measures RSSI within DL subband
-	Method#2: victim UE measures RSRP of aggressor UE within UL subband
Error: Reference source not found 
-	Alt #1: separate CLI-RSSI measurement resources/reports in each DL subband
-	Alt #2: CLI-RSSI measure/report in one DL subband only

	CMCC [8]
	Proposal 10: Among the UE-to-UE co-channel CLI handling schemes captured in TR38.858, focus on the L1/L2 based UE-to-UE CLI measurement and reporting. 
Proposal 11: 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 12: Consider new L1/L2 measurement resource configurations for L1/L2 based UE-to-UE CLI measurement.
Proposal 13: 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.
Proposal 14: 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 15: 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 preconfigured by high level
Proposal 16: Similar to CMR and IMR resources configured in IE CSI-ReportConfig, configure the UE-to-UE CLI measurement resource in IE CSI-ReportConfig and link it to SRS/RSSI measurement resources. 
Proposal 17: 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 measurement and reporting of victim UE.

	CATT [9]
	Observation 2: RSRP/RSSI measurements within UL/DL subband can be supported by existing specification.
Observation 3: The existing specifications is sufficient for UE-UE CLI-RSSI meas Proposal 9: Support L1/L2 UE-to-UE CLI measurement and report.
Proposal 10: For L1/L2 UE-to-UE CLI measurement and report, consider the following aspects:
· Periodic, semi-persistent, aperiodic or event triggered reporting.
· Periodic, semi-persistent, or aperiodic measurement resource.
· SRS-RSRP and CLI-RSSI are the baseline metrics.
· Use measurement resource for CLI-RSSI measurement as defined in Rel-16 and SRS resource for SRS-RSRP measurement as defined in Rel-16.
· Use existing CSI framework as baseline.
Proposal 11: Support exchange of semi-static SBFD time and frequency configuration to enable coordinated scheduling for time/frequency resources.
Proposal 12: Spatial domain coordination to avoid/mitigate UE-to-UE CLI is not supported.
Proposal 13: UE and gNB transmission/reception timing based method to avoid/mitigate UE-to-UE CLI is not supported.
Proposal 14: Power control based solution to mitigate UE-to-UE CLI is not supported.
urement/report across downlink subbands. 

	xiaomi [10]
	Observation 1: CSI and CQI may bring high calculation complexity with non-linear operations.
Observation 2：Once the NTA,offset of aggressor UE is obtained, the time offset between DL reception timing and CLI-RS arrival timing can be determined by victim UE.
Observation 3：Considering that the NTA,offset is aligned per TAG, all the serving cells within the TAG will suffer gNB UL/DL transition time violating if zero NTA,offset is configured.

Proposal 1:  RAN1 should first identify the basic principle of conducting down-selection for CLI handling schemes captured in TR38.858. The following principle can be considered as starting point:
· The selected CLI handling scheme can be applicable to SBFD operation and dynamic/flexible TDD.
· The selected CLI handling scheme should have certain specification impacts.
· The selected CLI handling scheme should have strong support among companies.
Proposal 2: For L1/L2 based UE-to-UE CLI measurement, at least periodic and aperiodic CLI measurement resource should be supported.
Proposal 3: For L1/L2 based UE-to-UE CLI reporting, at least periodic and aperiodic CLI reporting should be supported.
Proposal 4: For L1/L2 based CLI reporting, the event-triggered reporting can be further considered.
Proposal 5: For L1/L2 based UE-to-UE CLI measurement and reporting, the configuration can be realized via updating CSI-ReportConfig:
· Adding CLI measurement resources as components of CSI-ReportConfig.
· Adding CLI-RSRP and CLI-RSSI as components of reportQuantity.
· Adding event-triggered reporting as a component of reportConfigType.
Proposal 6:  Subband CLI reporting can be considered for UE-to-UE CLI mitigation.
Proposal 7:  For inter-UE inter-subband CLI measurement, the following three methods should be supported:
· Method#1: victim UE measures RSSI within DL subband
· Method#2: victim UE measures RSRP of aggressor UE within UL subband
· Method#3: victim UE measures RSSI within UL subband 
Proposal 8: For UE-to-UE CLI-RSSI measurement/report across downlink subbands, 
· Alt#1 and Alt#2 are automatically supported by existing specifications.
· Alt#3 can be suspended until non-contiguous CSI-RS resource allocation across DL subbands is settled.
Proposal 9: In order to improve the accuracy of CLI measurement at victim UE side, aligned NTA,offset can be configured among neighboring cells.
Proposal 10: With the knowledge of NTA,offset  associated with aggressor UE, the misalignment between CLI-RS arriving time and DL timing at victim UE can be handled by UE implementation.
Proposal 11: Beam based CLI measurement for UE-to-UE CLI mitigation can be considered if necessary. 
Proposal 12: Deprioritize the UL power enhancement for UE-to-UE CLI handling.

	OPPO [11]
	Proposal 1: For inter-UE inter-subband CLI measurement, support RSSI measurement by victim UE within DL subband (Method #1).
Observation 1: If victim UE measures RSSI within DL subband (Method #1), it does not seem necessary to have additional L1/L2 CLI measurement and report on top of existing CSI framework.
Proposal 2: For UE-to-UE CLI-RSSI measurement/report across DL subbands, CLI-RSSI measurement resources/reports are separated per each DL subband.
Proposal 4: If UE-UE CLI measurement based on sync of aggressor UE’s signal should be supported, the mechanism agreed in R16 (i.e., adjusting received SRS timing through a constant offset derived by UE implementation) is reused to handle timing misalignment in UE-UE CLI measurement.
Proposal 5: To support coordinated scheduling between gNBs, SBFD time/frequency configuration that is exchanged over Xn/F1 have periodicity up to 160ms.

	InterDigital, Inc [12]
	Observation 1. Inter-subband UE-to-UE CLI measurement in SBFD DL subbands based on measuring over configured RB resources and averaging may result in down-estimation, as the subband-edge RBs experience higher CLI compared to RBs in the middle of the subband. 
Observation 2. Techniques based on victim UE-initiated CLI reporting based on a configured condition or event could be used to enhance UE-to-UE interference mitigation.
Observation 3. CLI estimation and reporting at a potential victim UE based on distinguishing aggressor UEs can be used for enhancing CLI mitigation at the UE and further optimal scheduling at the gNB. 
Observation 4. In the SBFD scenario, an UL transmission over a subband could cause significant UE-to-UE CLI leakage on the adjacent DL subband depending on the frequency gap between the UL RBs and DL RBs in each subband. 
Observation 5. As part of gNB implementation, the gNB may apply a downlink power backoff on some SBFD slots or symbols to deal with self-interference caused by the FD operation, which can impact to UE behaviours depending on the amount of power backoff. 
Observation 6. L1/L2-based UE-to-UE CLI measurement could be used for performance enhancement by improving interference measurement accuracy.
Observation 7. Use of CLI measurement and reporting schemes can help the gNB schedule downlink and uplink UEs so as to reduce the effects of UE-to-UE CLI on downlink UE performance.
Observation 8. In spatial domain coordination, there are two aspects to be considered: 
· Preventive aspects, that is determining the victim and aggressor UEs beam pairs to be avoided.
· Beam pairing aspects, that is determining the gNB and victim UE beam pairs to be used based on directional CLI from the aggressor UEs. 
Observation 9. Restricting one or more UL beam directions at the aggressor UE due to causing CLI on victim UEs, throughout all occasions of a configured UL transmission, could degrade the UL performance, as the aggressor UE may be restricted to transmit based on suboptimal UL beam directions.
Observation 10. Restricting one or more UL beam directions at the aggressor UE due to causing CLI on victim UEs, throughout all occasions of a configured UL transmission, could be unnecessary as the respective victim UEs may not be scheduled for DL reception in all corresponding configured UL occasions.
Observation 11. Since a general CSI/beam reporting in NR is not based on dynamic CLI-related information, a victim UE may unpredictably experience DL performance degradation if a UE-to-UE CLI occurs especially when an aggressor UE is served by a different serving gNB/TRP. 
Observation 12. An aggressor UE can be configured with a first UL beam direction and a second candidate UL beam direction, where the first UL beam direction can be used in case no CLI is caused, and the second candidate UL beam direction can be used in case CLI is caused. 
Proposal 1. In UE-to-UE inter-subband CLI measurement techniques, consider measurement resources and reporting configurations for subband-edge CLI measurement. 
Proposal 2. In addition to periodic type of CLI reporting, consider the event based aperiodic CLI reporting. 
Proposal 3. Consider enhancements to UE-to-UE co-channel CLI measurement based on supporting CLI measurement and reporting at the potential victim UE that includes distinguishing aggressor UEs. 
Proposal 4. Consider dynamic UL power control mechanism at the aggressor UEs based on some dynamic factors such as the frequency gap, beam/spatial-domain parameter, or a priority indication on the UL, to mitigate the effects of the CLI dynamically.
Proposal 5. Consider mechanisms to apply measurement skipping on some SBFD slots/symbols and power adjustment in deriving a CSI, depending on a level of dynamic power management occurred in the SBFD scenario.
Proposal 6. Consider CSI reporting framework as baseline for L1/L2-based UE-to-UE CLI measurement and reporting. 
Proposal 7. Support L1/L2-based UE-to-UE CLI measurement and reporting, utilizing a SINR-type metric for the CLI reporting. 
Proposal 8. Consider preventive aspects in spatial domain coordination by determining the most and least favourable beam pairings between the victim and aggressor UEs.
Proposal 9. Consider CLI mitigation aspects in spatial domain coordination by determining beam pairing between victim UE and gNB based on directional CLI.
Proposal 10. Consider methods to restrict UL beam directions for a configured UL transmission at an aggressive UE based on scheduled victim UEs, that is only for the occasions that a respective victim UE is scheduled for DL reception.
Proposal 11. Consider a conditional CLI handling behaviour based on monitoring the beams at the victim UE side, where the condition can at least include a case when the victim UE detects a PDSCH reception failure, which initiates a subband-wise CLI measurement/reporting for a subband switching to avoid the CLI.
Proposal 12. Consider CLI mitigation techniques based on configuring a second candidate UL beam direction at the aggressor UE to be used in case the UL transmission based on the first UL beam direction could cause CLI to other UEs.


	Samsung [13]
	Proposal 5: For UE-to-UE co-channel CLI handling, support L1/L2 based CLI reporting and associated spatial domain configuration/reporting from the UE.
Proposal 6: For UE-to-UE co-channel CLI measurement and reporting, support L1 aperiodic CLI reports.
Proposal 7: For UE-to-UE co-channel CLI measurement and reporting, support associated spatial domain information in FR2-1.
Proposal 8: Support CLI-RSSI and CLI-RRSP reporting in configured CLI IMR inside the SBFD DL subband.
Proposal 9: Support CLI-RSSI and CLI-RRSP reporting based on SRS transmissions from aggressor UE outside the SBFD UL subband.
Proposal 10: Support CLI-IMR as new interference measurement resource in CSI resource/report config.
Proposal 11: Support periodic and aperiodic reporting modes for CLI-RRSP and CLI-RSSI.

	Fujitsu [14]
	Proposal 2: Down select gNB-to-gNB co-channel CLI handling scheme(s) and UE-to-UE co-channel CLI handling scheme(s) from the candidates below.
· gNB-to-gNB co-channel CLI handling scheme(s)
· gNB-to-gNB CLI measurement and reporting
· CLI measurement and/or channel measurement based on periodic NZP CSI-RS/SSB
· UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix
· Non-Transparent UL resource muting based IRC
· Transparent UL resource muting based IRC (no specific impact)
· Spatial Domain Coordination Scheme
· Beam nulling between gNBs
· Beam nulling based on steering vector
· Beam nulling based on gNB-gNB channel measurement
· Recommended/restricted Beams between gNBs
· Beam pairing between gNBs
· Scheduling coordination
· Time domain scheme using UL slot(s) aligned between gNBs
· Frequency domain coordination scheme
· Power control based on solution
· Power control scheme based on gNB Tx power adjustment
· Power control scheme based on UE Tx power adjustment
· UE-to-UE co-channel CLI handling scheme(s)
· Potential enhancements to UE-to-UE CLI measurement/reporting
· Measurement/report within the DL/UL subband
· victim UE measures RSSI within the DL subband
· victim UE measures RSRP of aggressor UE within the UL subband
· victim UE measures RSSI within the UL subband
· UE-to-UE CLI-RSSI measurement/report across downlink subbands
· separate CLI-RSSI measurement resources/reports in each DL subband
· CLI-RSSI measure/report in one DL subband only
· CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
· L1/L2 based UE-to-UE CLI measurement
· Coordinated scheduling
· Coordinated scheduling based on L3 UE-UE CLI measurement 
· Coordinated scheduling based on L1 UE-UE CLI measurement
· intra-cell coordinated scheduling
· Spatial domain enhancements
· Power control based solution
· UE Tx power adjustment
Note that some candidates have no specification impact.

	NEC [15]
	Proposal 7: The configuration information for UE-to-UE CLI measurement should include a list of TCI states for beam-based CLI measurements.
Proposal 8: The UE-to-UE CLI report configuration/indication information should include K (K>=1) TCI states with the highest L1-SRS-RSRP, L1-SINR, or L1-CLI-RSSI.
Proposal 9: Unified design for CLI RS for gNB-to-gNB and UE-to-UE measurement should be considered to reduce the RS overhead. The RS for UE-UE and gNB-gNB interference measurement can be orthogonal in order to achieve this goal.
Proposal 10: Only consider Method#1 (victim UE measures RSSI within DL subband) and Method#2 (victim UE measures RSRP of aggressor UE within UL subband) for inter-UE CLI handling schemes specification.
Proposal 11: Only consider Alt#1 (separate CLI-RSSI measurement resources/reports in each DL subband) and Alt #2 (CLI-RSSI measure/report in one DL subband only) for specification for CLI measurement methodologies.
Proposal 12:
· Consider the CSI report size enhancement for SBFD operation and different types of CLI interference
· Consider the non-uniform CLI bandwidth in inter-subband CLI measurement/report 
Proposal 13: Specify SBFD symbol-specific UL power control parameters to reduce inter-UE CLI for SBFD operation.
Proposal 14:
· Differentiation of the BFR caused by CLI with the beam blockage is needed. 
· Eliminating the effect of the CLI on BFR for BFD and NBI should be considered.

	Panasonic [16]
	Proposal 3: The following should be discussed for L1-based CLI reporting:
· Conjunction between CLI measurement metrics and CSI measurement metrics
· Report fields of SRS-RSRP/CLI-RSSI for CLI report
Proposal 4: Triggering mechanism for aperiodic CLI measurement and reporting should be discussed.
Proposal 5: Subband-based CLI measurement and reporting for UE-to-UE CLI handling should be supported.
Proposal 6: Beam-based UE-to-UE CLI measurement should be discussed considering the system/measurement/reporting overhead, UE complexity and necessity of limiting TCI states.

	Lenovo [17]
	Proposal 13: Study to introduce coordination of SRS configurations for SRS-RSRP measurement. 
Proposal 14: Study benefits and mechanisms for sharing SRS resources among UEs in the aggressor cell.
Proposal 15: For the UE-to-UE inter-cell co-channel and inter-subband CLI measurement, common schemes on coordination of SRS configurations and intended TDD DL-UL configurations should be studied.
Proposal 16: To handle SRS reception timing misalignment in UE-to-UE CLI measurements, support signaling and information exchange for assisting the victim UE with SRS reception timing and/or indicating to the aggressor UE the SRS transmission timing.
Observation 2: Observed interference level may vary significantly depending on Rx beams and Rx antenna panels.
Proposal 17: Support spatially differentiated CLI measurement and reporting. 
Proposal 18: For L1/L2 based UE-to-UE co-channel CLI measurement and reporting, study periodic/aperiodic/semi-persistent CLI reporting over PUCCH or PUSCH. 
Proposal 19: Support inter-UE CLI handling by joint aggressor UEs and preferred Tx beams indication.


	Nokia, Nokia Shanghai Bell [18]
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	Sony [19]
	Observation 13: Since the scheduler is controlled by the gNB, there isn’t any difference between UE-UE coordinated scheduling and gNB-gNB coordinated scheduling.  There isn’t a need to have a separate UE-UE coordinated scheduling discussion.
Observation 14: It is impractical and not beneficial for information exchange over the Xn interface on list of preferred & non-preferred UL beams among gNBs for UE-UE spatial domain coordination due to:
· UEs are mobile and beam requirement changes dynamically making any list of preferred & non-preferred UL beams exchanged over the slow Xn interface obsolete as soon as it is sent
· Since a gNB is likely to have multiple UEs, even if dynamic signaling among gNBs such as OTA signaling is used, the signaling overhead will be significantly large to signal even a modest number of UEs’ list of preferred & non-preferred UL beams.
Proposal 13: UE-UE spatial domain coordination is not considered further.
Proposal 14: Consider further UE-UE transmission and reception timing in the WI.
Proposal 15: UE power control enhancement for CLI handling is not considered further.

	Apple [20]
	Proposal 1: UE is RRC configured with M (M is subject to UE capability) CLI resources per active BWP within the SBFD symbol, where time domain CLI measurement resource configuration shall indicate at which slots and which symbols within that slot, CLI measurement is expected.
Proposal 2: UE is indicated about which CLI measurement resource(s) or resource set(s) are activated/triggered as follows:
· through DL MAC-CE for semi-persistent CLI resources
· through UE specific DCI or GC-DCI for aperiodic CLI resource(s)
Proposal 3: If UE is aperiodically indicated to report CLI, each CLI report occasion may cover O CLI measurement occasions, where O>=1 and is subject to UE capability
Proposal 4: AP-CLI reporting can be indicated through DL-DCI scheduling PDSCH, where CLI report and HARQ-ACK for PDSCH are sent over the same PUCCH resource indicated by DL DCI
Proposal 5: DL CLI indication, e.g., based on DL-PI, indicates which symbols were impacted by cross-link interference from aggressor UE(s). 
Proposal 6: support victim UEV to recommend DL power adjustment to the gNB
Proposal 7: To assure symbol level alignment at victim UEV, aggressor UEA is indicated to hold two different TAs:
· one TA for symbols on which TRP is doing legacy TDD, another TA for symbols on which TRP is doing SBFD or dynamic TDD.

	NTT DOCOMO, INC [21]
	Proposal 6: L1/L2 based UE-to-UE CLI measurement and reporting should be considered to obtain the instantaneous interference information.
Proposal 7: Subband based CLI measurement and reporting should be considered, and at least Method #1 : victim UE measures RSSI within DL subband should be considered.
Observation 1: Exchange of SBFD configuration is also beneficial for UE-to-UE CLI handling.
Proposal 8: Spatial domain coordination method should be considered.
Proposal 9: UE and gNB transmission and reception timing alignment should be low priority.
Proposal 10: Power control based solution should be low priority.

	WILUS [22]
	Proposal 2: It should be further investigated for UE-to-UE co-channel CLI measurement and reporting at aggressor UE side for UE-to-UE co-channel CLI handling.
Proposal 3: IEs (information elements) of L1/L2 UE-to-UE co-channel CLI measurement and reporting can be included in CSI reporting configuration (i.e., CSI-ReportConfig) with new report quantities to measure and report UE-to-UE co-channel CLI.
Proposal 4: We propose to consider UL power control-based solution for UE-to-UE co-channel CLI handling based on L1/L2 UE-to-UE co-channel CLI measurement and reporting at aggressor UE side.
· Existing UL power control parameter set can be reused. 
Proposal 5: Although separate UL power control parameters based on co-channel CLI are configured/indicated, it should be further investigated how to maintain power consistency across PUSCH transmissions or PUCCH transmissions with and without co-channel CLI if DMRS bundling is configured as enabled for a UE.

	Ericsson [23]
	Observation 11PAGEREF _Toc159246281 \hError: Reference source not found
Observation 12:PAGEREF _Toc159246282 \hError: Reference source not found
Observation 13:PAGEREF _Toc159246283 \hError: Reference source not found
Observation 14:PAGEREF _Toc159246284 \hError: Reference source not found

	ETRI [24]
	Proposal 1: L1/L2-based UE-to-UE CLI measurement and reporting should be prioritized, as it facilitates gNB scheduling of intra-cell DL UE and UL UE pair for SBFD operation and reduces latency.
Proposal 2: Similar to the Rel-16 CLI handling, SRS resource(s) can be introduced for SBFD UE-to-UE CLI measurement, and the SRS resource(s) can be configured in a periodic or event-driven manner.
Proposal 3: SRS resource(s) for UE-to-UE CLI measurement should be configured to be cell-specific as the baseline.
Proposal 4: Similar to the Rel-16 CLI measurement, both SRS-RSRP and CLI-RSSI can be used as reporting quantities.

	Google Inc [25]
	Proposal 8: Specify L1/L2-based UE-UE CLI measurement and reporting
Proposal 9: Allow CLI reporting on PUCCH/PUSCH and allow PUCCH to be transmitted on UL SBFD sub-bands .
Proposal 10: Inter-UE CLI measurement and reporting mechanisms should prioritize UE complexity reduction. This includes minimizing CLI measurement and reporting frequency and optimizing signaling overhead.

	LG Electronics [26]
	Observation 2. For SBFD-specific inter-UE CLI of aligned SBFD configuration, 
· SBFD aware UE is potential aggressor UE for every case; inter-cell intra-subband, inter-cell inter-subband, intra-cell inter-subband, intra-cell intra-subband CLI.
· Inter-cell intra-subband CLI and intra-cell intra-subband CLI can be measured within DL band in terms of RSRP/RSSI
· For inter-cell intra-subband CLI, it can be measured by victim UE within UL subband in terms of RSRP/RSSI.
· Inter-cell inter-subband and intra-cell inter-subband CLI can be measured within DL subband (or DL band) in terms of RSSI.
Proposal 3. For inter-UE inter-subband CLI measurement described in TS 38.858, all of the listed methods are supported.
Proposal 4. To determine how the resource of CLI-RSSI is configured considering SBFD, how DL signal/channel is configured for subband should be accounted for.
Proposal 5. At least separation of DL subband based CLI-RSSI report and non-subband based CLI-RSSI report is required for L3 based CLI reporting.
Proposal 7. For inter-UE CLI handling, at least one of following options is supported.
· Option 1. Enhance L3 based UE-to-UE CLI measurement/report accounting for SBFD operation
Option 2. Introduce L1/L2 based UE-to-UE CLI measurement/report

	CEWiT [27]
	Observation 1: In Rel. 16 UE-to-UE CLI management, timing adjustment is left to Rx UE implementation.
Observation 2: Factors like synchronization errors between gNB, smaller CP length in higher numerologies, higher propagation delay between the UEs and implementation specific adjustment of reception timing causes the misalignment to go beyond CP duration while measuring the CLI on Rel. 16 SRS as both the UEs are not time synchronized. This will degrade the CLI measurement accuracy.
Proposal 1: Support enhancements related to UE and gNB transmission and reception timing since it impacts the CLI measurement accuracy.
Observation 3: Timing adjustment for transmission or reception of SRS by aggressor and victim UE respectively will restrict SRS RSRP measurement in scenarios with multiple aggressor and victim UEs.
Proposal 2:  Support enhancements related to UE and gNB transmission and reception timing such that UE specific timing adjustment is not required for transmission or reception of SRS by aggressor and victim UE respectively.
Observation 4: Rel. 16 CLI management does not specify relevant information exchange among gNBs for UE-to-UE CLI management, e.g., SRS configuration parameters.
Proposal 3: Relevant information exchange among gNBs is supported for efficient UE-to-UE CLI management.
Observation 5: In Rel. 16, the gNB cannot configure a UE to measure/report CLI using beam sweeping/different Rx beams.
Proposal 4: Support gNB configuring different Rx beams for UE-to-UE CLI measurement.
Proposal 5:  Support separate UE-to-UE CLI measurement report corresponding to different receive beam configurations.
Observation 6: In case of L3 measurement and reporting of UE-to-UE CLI, the latency of  measurement and reporting will be increased at the UE and gNB side.
Proposal 6: Support L1 based UE-to-UE CLI measurement and reporting.
Proposal 7: Support the following for UE-to-UE CLI RSSI measurement
· victim UE measures RSSI within DL subband 
· victim UE measures RSRP of aggressor UE within UL subband
Proposal 8: For UE-to-UE CLI RSSI measurement, the RSSI resources can be allocated in the following ways:
· The RSSI resources are restricted only within the downlink subband
· The RSSI resources can span across the downlink subband and the guard bands. 
Proposal 9: For UE-to-UE CLI RSRP measurement, the reporting of CLI can be done in the following ways:
· The UE reports RSRP measured in the uplink subband
· The UE reports a CLI metric for the downlink subbands that is derived from the RSRP measured in the uplink subband.
Proposal 10: For UE-to-UE CLI RSSI measurement, support separate CLI-RSSI measurement resources/reports in each downlink subband.
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4.2 Summary
In this meeting, companies shared their views on UE-to-UE co-channel CLI handling schemes. Based on companies’ input, three kinds of schemes are provided, i.e., spatial domain based schemes, coordinated scheduling in time and/or frequency based schemes, and power control based schemes. For discussion in this meeting, moderator recommends companies mainly focus on these three methods for UE-to-UE co-channel CLI handling.
In addition, UE-to-UE co-channel CLI measurement are also widely discussed. Similarly, according to moderator’ understanding, UE-to-UE co-channel CLI measurement can’t reduce/resolve UE-to-UE co-channel CLI directly but can be as the enbler for the aforementioned three kinds of methods (i.e., spatial domain based schemes, coordinated scheduling in time and/or frequency based schemes, power control based schemes). So moderator provides summary for it in the last section as enabler for UE-to-UE co-channel CLI handling schemes.

4.2.1 Scheme#1: Coordinated scheduling in time and/or frequency based schemes
Similar to the discussion for gNB-to-gNB co-channel CLI handling, coordinated scheduling in time and/or frequency are widely proposed by companies for UE-to-UE co-channel CLI handling. While CMCC thinks it depends on gNB implementation to achieve the coordinated scheduling. So, it seems that there is no specification impact from RAN1’s perspective. Sony thinks UE-UE coordinated scheduling should be considered under gNB-gNB coordinated scheduling discussion.

Specification impact
The main specification impact is to define reference signals for beam-level UE-to-UE co-channel CLI measurement and information exchange between gNBs of the measure resource configuration and/or measurement reports.
In addition, similar to discussion for gNB-to-gNB co-channel CLI handling, some companies, such as CATT, OPPO, Panasonic, NTT DOCOMO, INC propose to exchange semi-static SBFD time and frequency configuration among gNBs. However, CMCC thinks that although the knowledge among gNBs of semi-static SBFD time and frequency configuration can be beneficial depending on gNB implementation, it seems not necessary for semi-static SBFD.

4.2.2 Scheme#2: Spatial domain based schemes
Spatial domain based schemes are proposed for UE-to-UE co-channel CLI handling by Qualcomm Incorporated, Xiaomi(FFS), InterDigital Inc, Samsung, NEC, Panasonic(seems), Lenovo, NTT DOCOMO, INC, CEWiT.
Qualcomm Incorporated: Support RAN1 to specify UE Rx beam (QCL-D) configuration and indication per CLI measurement resource (e.g. for top X DL beams or active DL beams) for enabling CLI-aware gNB beam management for CLI mitigation, as enhancement of CLI measurement and reporting.
Xiaomi: Beam based CLI measurement for UE-to-UE CLI mitigation can be considered if necessary. 
InterDigital Inc: Consider CLI mitigation aspects in spatial domain coordination by determining beam pairing between victim UE and gNB based on directional CLI.
Samsung: For UE-to-UE co-channel CLI handling, support L1/L2 based CLI reporting and associated spatial domain configuration/reporting from the UE.
NEC: The configuration information for UE-to-UE CLI measurement should include a list of TCI states for beam-based CLI measurements.
Panasonic: Beam-based UE-to-UE CLI measurement should be discussed considering the system/measurement/reporting overhead, UE complexity and necessity of limiting TCI states.
[bookmark: _Hlk115355181]Lenovo: Support spatially differentiated CLI measurement and reporting. 
Support inter-UE CLI handling by joint aggressor UEs and preferred Tx beams indication.
NTT DOCOMO, INC: Spatial domain coordination method should be considered.
CEWiT: Support gNB configuring different Rx beams for UE-to-UE CLI measurement.

While CMCC, CATT, Sony propose not to support Spatial domain based schemes for UE-to-UE co-channel CLI handling.
CMCC: 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.
CATT: Spatial domain coordination to avoid/mitigate UE-to-UE CLI is not supported.
As partial of spatial freedom is utilized to avoid/mitigate UE-to-UE CLI, the DL/UL throughput performance of victim/aggressor UE will be degraded. Moreover, the enabler of spatial domain coordination method is beam level UE-to-UE CLI measurement which is not supported in the existing spec. Thus, additional UE measurement complexity and spec work will be introduced if beam level UE-to-UE CLI measurement is supported. Based on the above analysis, spatial domain coordination is not preferred.
Sony: UE-UE spatial domain coordination is not considered further.
It is impractical and not beneficial for information exchange over the Xn interface on list of preferred & non-preferred UL beams among gNBs for UE-UE spatial domain coordination due to:
· UEs are mobile and beam requirement changes dynamically making any list of preferred & non-preferred UL beams exchanged over the slow Xn interface obsolete as soon as it is sent.
· Since a gNB is likely to have multiple UEs, even if dynamic signaling among gNBs such as OTA signaling is used, the signaling overhead will be significantly large to signal even a modest number of UEs’ list of preferred & non-preferred UL beams.

Specification impact
The potential specification impact includes UE Rx beam configuration, beam-based CLI measurement and reporting. The moderator’s understanding is that this is a further enhancement on top of L1/L2 or L3 based UE-to-UE co-channel CLI measurement and reporting. 

4.2.3 Scheme#3: Power control based schemes
Power control based schemes are discussed for UE-to-UE co-channel CLI handling by some companies.
· gNB Tx power control based schemes
Support (1): Apple
Apple: support victim UEV to recommend DL power adjustment to the gNB

Not support/deprioritize (3): Huawei, Hisilicon, NTT DOCOMO, INC
Huawei, Hisilicon: For UE-to-UE CLI handling, power control based schemes may not be feasible and necessary.
NTT DOCOMO, INC: Power control based solution should be low priority

· UE Tx power control based schemes
Support (3): NEC, Nokia, WILUS
NEC: Specify SBFD symbol-specific UL power control parameters to reduce inter-UE CLI for SBFD operation.
Nokia: Support UEs to report ACLR/IBE level to gNB for assisting in the estimation of the UE-to-UE CLI.
Support UEs to report a secondary PHR for SBFD UL slot.
[bookmark: _Hlk127567184]WILUS: We propose to consider UL power control-based solution for UE-to-UE co-channel CLI handling based on L1/L2 UE-to-UE co-channel CLI measurement and reporting at aggressor UE side.
Existing UL power control parameter set can be reused. Although separate UL power control parameters based on co-channel CLI are configured/indicated, it should be further investigated how to maintain power consistency across PUSCH transmissions or PUCCH transmissions with and without co-channel CLI if DMRS bundling is configured as enabled for a UE.

Not support/deprioritize (6)：Huawei, Hisilicon, CATT, Xiaomi, Sony, NTT DOCOMO, INC
Huawei, Hisilicon: For UE-to-UE CLI handling, power control based schemes may not be feasible and necessary.
CATT: Power control based solution to mitigate UE-to-UE CLI is not supported
To mitigate the UE-to-UE CLI, UL power control based solution was proposed in SI. RAN1 studied whether/how to enhance UL power control mechanism, but no conclusion was achieved. Considering reducing aggressor UL transmitting power to mitigate UE-to-UE CLI will lead to reduced UL coverage, power control based solution is not preferred.
Xiaomi: Deprioritize the UL power enhancement for UE-to-UE CLI handling.
To be specific, the aggressor UE should reduce its UL transmission power. In this case, information exchange on uplink power control information is needed among gNBs. The overhead of information exchange increases. Besides, information exchange delay should also be carefully considered. Proper UL power adjustment is difficult to be achieved as the UE-to-UE CLI fluctuates with dynamic scheduling situations.
Sony: UE power control enhancement for CLI handling is not considered further.
NTT DOCOMO, INC: Power control based solution should be low priority



4.2.4 Enabler for UE-to-UE co-channel CLI schemes: UE-to-UE co-channel CLI measurement
Similar to discussion of gNB-to-gNB co-channel CLI meausurement, UE-to-UE co-channel CLI measurement are widely discussed by companies. The main specification impact is to enable the aforementioned three kinds of methods (i.e., spatial domain based schemes, coordinated scheduling in time and/or frequency based schemes, power control based schemes). The following aspects are mainly discussed.
· Issue#1: Whether support L1/L2 based UE-to-UE co-channel CLI measurement and reporting or L3 based UE-to-UE co-channel CLI measurement and reporting
· Support L1/L2 based UE-to-UE co-channel CLI measurement and reporting (21): 
ZTE, Qualcomm Incorporated, CMCC, CATT, Xiaomi, OPPO(seems), Interdigital, Inc, Samsung, NEC, Panasonic, Lenovo, Nokia, Sony, Apple, NTT DOCOMO, INC, WILUS, ETRI, Google Inc, LG, CEWiT, MediaTek Inc
The arguments for L1/L2 based UE-to-UE co-channel CLI measurement include short term interference measurement and lower CLI measurement latency. The evaluation results from one resource Interdigital Inc show that when compared to L3 based UE-to-UE co-channel CLI measurement, downlink performance loss of L1/L2 based UE-to-UE co-channel CLI measurement drops from 38% to 15.5% for low load, and from 47% to 28% for medium load, respectively. The performance gain can be up ~20%.
For L1/L2 based UE-to-UE co-channel CLI measurement and reporting, the following detailed issues are discussed by companies:
· Measurement channel(s)/signal(s)/resource(s)
SRS resource/CLI-RSSI measurement resource
Similar to the Rel-16 CLI handling, SRS resource and CLI-RSSI measurement resource are proposed by most companies as baseline measurement resources for UE-to-UE co-channel CLI measurement. 
The measurement resource can be periodic, semi-persistent, or aperiodic.
Beam-level measurement resources are proposed by companies which support spatial domain based scheme. While Panasonic propose beam-based UE-to-UE CLI measurement should be discussed considering the system/measurement/reporting overhead, UE complexity and necessity of limiting TCI states.
In addition, New H3C and MediaTek Inc propose to introduce new usage for the SRS resource intended for UE-to-UE co-channel CLI measurement. CMCC propose new L1/L2 measurement resource configurations for L1/L2 based UE-to-UE CLI measurement. NEC propose to consider unified design for CLI RS for gNB-to-gNB and UE-to-UE measurement to reduce the RS overhead.
New H3C: A new usage of the SRS resource can be introduced during the configuration of the SRS resource, which is CLI measurement, the SRS resource used for CLI can be configured to periodic, aperiodic and semi-persistent.
MediaTek Inc: Support configuration of SRS Resource Sets which provided SRS configuration to be used for SRS transmission intended for CLI measurement.
CMCC: new L1/L2 measurement resource configurations for L1/L2 based UE-to-UE CLI measurement
NEC: Unified design for CLI RS for gNB-to-gNB and UE-to-UE measurement should be considered to reduce the RS overhead. The RS for UE-UE and gNB-gNB interference measurement can be orthogonal in order to achieve this goal.
Others
MediaTek Inc also propose to support CSI-IM based UE-to-UE CLI measurement. For this method, the UE measure the total interference in the CSI-IM resources in SBFD slot and its preceding DL-only slot and report difference between them as UE-to-UE CLI

· Measurement and reporting metric(s)
SRS-RSRP/CLI-RSSI
SRS-RSRP and CLI-RSSI are proposed by most companies as the baseline metrics for UE-to-UE co-channel CLI measurement. 
The measurement reporting can be periodic, semi-persistent, aperiodic or event triggered.
Beam-level measurement reporting are proposed by companies which support spatial domain based scheme. 
CSI/CQI/SINR
In addition, Qualcomm Incorporated propose to consider implicitly capture CLI in existing CSI report e.g. via existing CQI and L1-SINR metrics. Interdigital, Inc also propose to utilize a SINR-type metric for the CLI reporting for L1/L2-based UE-to-UE CLI measurement and reporting. While Xiaomi thinks CSI and CQI measurement may bring high calculation complexity with non-linear operations.

Subband based CLI reporting:
Xiaomi, InterDigital, Inc (seems), NEC, Panasonic, NTT DOCOMO, INC, MediaTek Inc propose to consider subband CLI reporting.
Xiaomi: Subband CLI reporting can be considered for UE-to-UE CLI mitigation
InterDigital, Inc: In UE-to-UE inter-subband CLI measurement techniques, consider measurement resources and reporting configurations for subband-edge CLI measurement. 
NEC: Consider the CSI report size enhancement for SBFD operation and different types of CLI interference.
Consider the non-uniform CLI bandwidth in inter-subband CLI measurement/report. 
Panasonic: Subband-based CLI measurement and reporting for UE-to-UE CLI handling should be supported.
NTT DOCOMO, INC: Subband based CLI measurement and reporting should be considered, and at least Method #1 : victim UE measures RSSI within DL subband should be considered.
[bookmark: _Ref159066394][bookmark: _Ref158996118]MediaTek Inc: Support CLI measurement on finer RB Groups on the UL subband of SBFD slots.

· Measurement reporting framework
Most companies propose to reuse existing CSI reporting framework as the baseline of UE-to-UE co-channel CLI measurement reporting framework. CLI-related metrics can be independently reported or integrated as part of existing CSI reporting.

· Support L3 based UE-to-UE co-channel CLI measurement and reporting (4): 
Huawei, Hisilicon, Vivo, Spreadtrum Communications
The arguments for L3 based UE-to-UE co-channel CLI measurement include less specification impact which is supported by existing specification and similar performance with L3 based UE-to-UE co-channel CLI measurement The evaluation results from one resource Huawei, Hisilicon show that L3 UE-to-UE CLI measurement based coordinated scheduling has similar DL average-UPT gain compared to L1/L2 UE-to-UE CLI measurement based coordinated scheduling for all load levels.
Huawei, Hisilicon: Support L3 based UE-to-UE CLI measurement and reporting with some necessary enhancements and deprioritize L1/L2 based UE-to-UE CLI measurement and reporting.
Vivo: Compared to L3 UE-to-UE CLI measurement, the motivation to support L1 UE-to-UE CLI measurement needs to be further clarified.
Note that L3 UE-UE CLI measurement is already supported in current specification, thus there is no need to additionally support L1 UE-UE CLI measurement which may cause large efforts and spec impact.
Spreadtrum Communications: L1/L2 UE-to-UE CLI measurement and reporting should not be taken into account in Rel-19 normative work.
Based on the SLS results, it can be observed that there are no obvious benefits for L1 measurement, compared with L3 measurement. Therefore, the motivation to specify L1 CLI measurement and reporting is not clearly identified. In addition, there will be specification impacts on periodic, semi-persistent and aperiodic measurement resources definition and periodic, semi-persistent and aperiodic measurement reporting.

· Issue#2: SBFD specific measurement issue
For UE-to-UE co-channel inter-subband CLI measurement for SBFD, the following methods are discussed by companies:
-	Method#1: victim UE measures RSSI within DL subband.
-	Method#2: victim UE measures RSRP of aggressor UE within UL subband.
-	Method#3: victim UE measures RSSI within UL subband.

For Method#1, Vivo, CATT, Xiaomi, OPPO, NEC, CEWiT propose to support it. While, CMCC, Nokia propose to exclude or deprioritize Method#1.
For Method#2, Vivo, CMCC, CATT, Xiaomi, NEC, CEWiT propose to support it.
For Method#3, CMCC, CATT, Xiaomi propose to support it. 

For UE-to-UE CLI-RSSI measurement/report across downlink subbands, the following methods are discussed by companies. Note that Alt #1 and Alt #2 are supported in existing specifications.
[bookmark: MCCQCTEMPBM_00000228]-	Alt #1: separate CLI-RSSI measurement resources/reports in each DL subband.
[bookmark: MCCQCTEMPBM_000002281][bookmark: MCCQCTEMPBM_00000229]-	Alt #2: CLI-RSSI measure/report in one DL subband only.
[bookmark: MCCQCTEMPBM_000002291][bookmark: MCCQCTEMPBM_00000230]-	Alt #3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands.

For Alt #1, Vivo, CATT, Xiaomi, OPPO, NEC, CEWiT propose to support it. 
For Alt #2, Vivo, Xiaomi, NEC propose to support it.
For Alt #3, Vivo, CATT propose not to support it.
Vivo: Alt #3 requires additional specification efforts to support non-contiguous CLI-RSSI resource allocation across downlink subbands. This method is similar to non-contiguous CSI-RS resource allocation.
CATT: Considering that Alt #2 restricts gNB configuration flexibility and does not account for whether or not the CLI is asymmetric across two DL subbands and Alt #3 requires additional specification efforts to support non-contiguous CLI-RSSI resource allocation across downlink subbands.

In addition, MediaTek Inc, Nokia, CEWiT also propose to support configuration of SRS resources/CLI-RSSI resources and measurement within guard bands of SBFD slots.
[bookmark: _Ref158996015]MediaTek Inc: Support configuration of SRS resources for SRS transmission and SRS-RSRP measurement within GB resources of SBFD slots
[bookmark: _Toc159244811]Nokia: Support CLI-RSSI measurements over the SBFD guard bands.
The gNB can indicate the CLI measurement resources over the guard bands by: 1) introducing a dedicated resource type, e.g., guardBand-ResourceConfigCLI, 2) assigning a CLI-RSSI resource to be confined within the configured guard band(s), or 3) assigning a wideband CLI-RSSI resource that the UE autonomously assigns to guardband(s) and UL subband measurement resources.
CEWiT: For UE-to-UE CLI RSSI measurement, the RSSI resources can be allocated in the following ways: The RSSI resources can span across the downlink subband and the guard bands. 

· Issue#3: Timing alignment issue for UE-to-UE co-channel CLI and channel measurement
Support (7): ZTE, Nokia, Sony, Apple, ETRI, CEWiT, MediaTek
ZTE: Timing alignment solution on measurement RS transmission for UE-to-UE CLI should be supported in Rel-19. 
· For example, exchange timing related information for reception of measurement RS. 
Nokia: The gNB can provide timing information to the victim UE to perform accurate intra-cell SRS-RSRP CLI measurements
Sony: Consider further UE-UE transmission and reception timing in the WI
Apple: To assure symbol level alignment at victim UEV, aggressor UEA is indicated to hold two different TAs:
· one TA for symbols on which TRP is doing legacy TDD, another TA for symbols on which TRP is doing SBFD or dynamic TDD. 
ETRI: It is necessary to investigate whether any additional specification impacts (e.g., timing synchronization between victim UE and aggressor UE) of introducing SRS-RSRP for UE-to-UE CLI handling
CEWiT: Support enhancements related to UE and gNB transmission and reception timing since it impacts the CLI measurement accuracy.
Support enhancements related to UE and gNB transmission and reception timing such that UE specific timing adjustment is not required for transmission or reception of SRS by aggressor and victim UE respectively.
[bookmark: _Ref158996144]MediaTek: Support muting of the first UL symbol in the first SBFD slot after a non-SBFD (DL-only) slot.

Not support (4): CATT, Xiaomi, OPPO, NTT DOCOMO, INC
CATT: UE and gNB transmission/reception timing based method to avoid/mitigate UE-to-UE CLI is not supported.
RAN1 studied 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). However, no conclusion was achieved. Besides, it is hard to perform alignment between DL reception timing from serving gNB and DL receptions from multiple aggressor UEs. Thus, UE and gNB transmission/reception timing based method is not preferred.
Xiaomi: In order to improve the accuracy of CLI measurement at victim UE side, aligned NTA,offset can be configured among neighboring cells. With the knowledge of NTA,offset  associated with aggressor UE, the misalignment between CLI-RS arriving time and DL timing at victim UE can be handled by UE implementation.
OPPO: If UE-UE CLI measurement based on sync of aggressor UE’s signal should be supported, the mechanism agreed in R16 (i.e., adjusting received SRS timing through a constant offset derived by UE implementation) is reused to handle timing misalignment in UE-UE CLI measurement.
NTT DOCOMO, INC: UE and gNB transmission and reception timing alignment should be low priority.

4.3 1st round discussion (Closed)
Proposal 3-1 
Proposed agreement
Consider the following candidate UE-to-UE co-channel CLI handling schemes for further down-selection
· Coordinated scheduling in time and/or frequency
· Spatial domain based schemes
· Power control based schemes
Note: UE-to-UE co-channel CLI measurements are the enablers for the above CLI handling schemes. 

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

	Support
	New H3C, vivo, Sony, Spreadtrum, ETRI, Panasonic, CATT, NEC, Google, Nokia/NSB, Samsung, Lenovo

	Not support
	LG



	Companies
	Views

	Moderator
	The intention of this proposal is to go one small step towards down-selection, i.e., list the candidate schemes. The next step is to reach consensus on the potential specification impacts of each candidate scheme. 

	Ericsson 
	Same as Proposal 2-1

	CEWiT
	In our view, timing misalignment should be addressed since it impacts the accuracy of CLI measurement.

	LG
	L1/L2 based CLI measurement/report is candidate CLI handling scheme captured in TR and number of companies including ourselves think it is beneficial. It should be considered for the candidate scheme separately rather than integrated in coordinated scheduling.

	Google
	Ok with the proposal but same as in Proposal 2-1 and to move forward efficiently, it would be helpful to do some down-selection during this meeting. 

	NTT DOCOMO
	We have similar comment as for proposal 2-1.

	ZTE
	UE reception timing alignment for CLI measurement should be included as discussed in SI.

	Moderator 
	Similar comments as 2-1. The proposal is not changed

Proposed agreement
Consider the following candidate UE-to-UE co-channel CLI handling schemes for further down-selection
· Coordinated scheduling in time and/or frequency
· Spatial domain based schemes
· Power control based schemes
Note: UE-to-UE co-channel CLI measurements are the enablers for the above CLI handling schemes. 



Proposal 3-2
Proposed agreement
Consider the following table for the down-selection of UE-to-UE co-channel CLI handling schemes

	UE-to-UE co-channel CLI handling schemes
	Enabler
	Potential specification impact

	Coordinated scheduling in time and/or frequency
	UE-to-UE CLI measurement and reporting
	L1/L2 based UE-to-UE CLI measurement and reporting
· Generic aspects
· CLI measurement 
· Method#1: Victim UE measures RSSI within DL subband
· Method#2: Victim UE measures RSRP of aggressor UE within UL subband
· Method#3: Victim UE measures RSSI within UL subband
· CLI reporting 
· Alt #1: Separate CLI-RSSI measurement resources/reports in each DL subband
· Alt #2: CLI-RSSI measure/report in one DL subband only
· Alt #3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
· Measurement resources
· Periodic, semi-persistent, or aperiodic, e.g., SRS, CLI-RSSI measurement resources, CLI-IMR, CSI-IM
· Reference signals for measurement
· Periodic, semi-persistent, or aperiodic  with dedicated usage for CLI measurement 
· Periodic, semi-persistent, aperiodic and event-triggered reporting on PUCCH/PUSCH
· Conditions for event-triggered reporting
· Reporting quantity, e.g., SRS-RSRP, CLI-RSSI, CQI, L1-SINR
· Triggering mechanism for measurement and reporting
· UCI bits generation including ordering and multiplexing with other types of UCI
· Subband CLI reporting 
L3 based UE-to-UE CLI measurement and reporting
· Generic aspects
· CLI measurement 
· Method#1: Victim UE measures RSSI within DL subband
· Method#2: Victim UE measures RSRP of aggressor UE within UL subband
· Method#3: Victim UE measures RSSI within UL subband
· CLI reporting 
· Alt #1: Separate CLI-RSSI measurement resources/reports in each DL subband
· Alt #2: CLI-RSSI measure/report in one DL subband only
· Alt #3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands

	Spatial domain based schemes
	Beam-level UE-to-UE CLI measurement and reporting
	In addition to the specification impact of L1/L2 or L3 based UE-to-UE CLI measurement and reporting, Tx/Rx beam configuration can be configured for the measurement 

	Power control based schemes
	Separate UL power control settings
	· [bookmark: _Hlk159868694]Separate power control parameters in SBFD and non-SBFD symbols


Note: The above does not imply that all listed potential specification impacts for a given CLI handling scheme will be specified.

	
	Companies

	Support
	Sony, Spreadtrum, Panasonic

	Not support
	LG, Samsung, Lenovo



	Companies
	Views

	Sony
	Somehow there is no option to indicate support/not support and a table for companies to write their comments.  I added the tables here for this assuming Proposal 3-2 wants to accept companies’ comments.

	Ericsson 
	Same as Proposal 2-2

	CEWiT
	Timing alignment can be considered as a part of “Reference signals for measurement”. Further, in our view, configuration exchange across gNBs is an important aspect that needs to be considered.

	LG
	As we mentioned in proposal 2-2, described potential specification impact needs to be matched among proposals.
Moreover, coordinated scheduling is not necessarily based on information exchange of CLI measurement and resources to be measured. It could be based on SBFD configuration information exchange only, which is essential information considering coexistence scenario.
It seems listed potential specification impact on coordinated scheduling belongs to L1/L2 based CLI measurement and report, which needs to be captured separately for candidate scheme. Since it contains enhancement for L3 based CLI measurement, it could be generalized as CLI measurement/report.

	Google
	Same comment as Proposal 2-2

	QC
	Firstly, UE-to-UE co-channel CLI measurements and reporting should be added in the table and L1/L2 based UE-to-UE CLI measurement and reporting should be covered under this scheme. One reason is that for intra-cell UE-to-UE co-channel CLI measurement, there is no need for coordinated scheduling between cells. 

Secondly, will we discuss inter-subband CLI measurement for SBFD in agenda 9.3.3 but not in 9.3.1? If that is the case, should follow earlier 9.3.1 discussion and keep the aspect as separate proposal as SBFD specific CLI handling. 
L1/L2 based UE-to-UE CLI measurement and reporting can be commonly used for SBFD / DTDD. 

Thirdly, suggested to separate list schemes of CLI explicitly captured in  SRS, CLI-RSSI and/or implicitly captured in CQI, L1-SINR. If implicitly captured, then there no spec impact on report quantity, and no spec impact on UCI. 
And spatial domain based schemes, to our view, the only enhancement is configure QCL-D for CLI resource/reporting.
So we have some suggested edits for the table:

	UE-to-UE co-channel CLI handling schemes
	Enabler
	Potential specification impact

	UE-to-UE co-channel CLI measurements and reporting
	L1/L2 based UE-to-UE CLI measurement and reporting
Using CSI framework
	L1/L2 based UE-to-UE CLI measurement and reporting
· Measurement resources
· Implicitly scheme: Periodic, semi-persistent, or aperiodic, e.g., CLI-IMR
· Explicit scheme: Periodic, semi-persistent, or aperiodic, e.g., SRS, CLI-RSSI
· Measurement reporting:
· Implicitly scheme: reuse CQI, L1-SINR as in current spec 
· Explicit scheme: Reporting quantity, e.g., SRS-RSRP, CLI-RSSI
· UCI multiplexing
· Periodic, semi-persistent, aperiodic and event-triggered reporting on PUCCH/PUSCH
· Subband CLI reporting 


	Spatial domain based schemes
	Beam-level UE-to-UE CLI measurement and reporting
	UE-to-UE CLI measurement and reporting, with QCL-D configuration. 





	Nokia
	Same comments as shown in Proposal 2-2. We think the table can be referred as informative than limiting the potential schemes. 
For CLI reporting, though we are not against, there is no fundamental difference in CLI measurement for L1/L3 measurement. So, we can consider them together. We only need to discuss on how/what to be reported via L1/L2 or L3.
For Power Control-based scheme, it is not related only to configure different power control parameter. The main goal is to reduce UE-to-UE CLI when SBFD UE is adjacent to SBFD DL UE. The solution may be different from what Moderator presented.    

Following is the examples of Power-control based solution, 
· Apply power back-off when co-scheduled with victim UE
· Limit the maximum UE TX power when co-scheduled with victim UE

	Samsung
	Same as 2-2.

	ZTE
	Regarding the spec impact, some common part of L1/L2 reporting and L3 reporting should be listed separately, since it is general for the UE CLI measurement and it should be specified. 

	Lenovo
	More discussion is needed.

	Moderator
	





Proposal 3-3
Proposed agreement
Power control based schemes are not considered in the down-selection of UE-to-UE co-channel CLI handling schemes.
· Note: UE Tx power adjustment scheme can be discussed in AI 9.3.1.
Companies are invited to provide views on the above proposal. 
	
	Companies

	Support
	New H3C, Sony, xiaomi, ETRI, CATT, LG, Google, Samsung, NTT DOCOMO

	Not support
	Spreadtrum, Nokia/NSB, Lenovo



	Companies
	Views

	Moderator 
	The intention of this proposal is to reach consensus on the potential specification impacts of each candidate scheme. 

	vivo
	For Coordinated scheduling in time and/or frequency, information exchange of semi-static SBFD time and frequency configuration should also be included.

	Spreadtrum
	Similar comment as Proposal 2-3.

	CATT
	Same comments as for Proposal 2-3.

	Google
	We support the proposal.

	QC
	For UE Tx power adjustment scheme, does that mean it will be treated in agenda 9.3.1?
It is important to adjust Tx UL power of aggressor UE for inter-UE CLI mitigation.

We are okay to have “DL power control based schemes are not considered in the down-selection of UE-to-UE co-channel CLI handling schemes.”

	Nokia
	While we agree that AI 9.3.1 can discuss separate power control parameters for SBFD and non-SBFD symbols/slots-with the consideration of self-interference, the UE power control enhancement in this agenda is related to reduce UE-to-UE CLI handling, which is different topic. So, we propose to keep the scheme. Different power control parameters cannot address all different CLI conditions. Also, CLI problem is happening dynamically based on gMB scheduling, so PC loop-based operation is not very appropriate to handle this dynamic problem.   

	ZTE
	This proposal is not needed.

	Moderator
	


The following were agreed during the online session on Tuesday
Proposed agreement version 2
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.

4.4 2nd round discussion (Open)


Proposal 3-2a
Proposed conclusion
Consider the following table for the down-selection of UE-to-UE co-channel CLI handling schemes a starting point

	UE-to-UE co-channel CLI handling schemes
	Enabler
	Potential specification impact
	Performance evaluations
	Operational details

	Coordinated scheduling in time and/or frequency
	UE-to-UE CLI measurement and reporting
Information change
	· Information exchange of semi-static SBFD time and frequency configuration
· Generic aspects for L1/L2 and L3 based UE-to-UE co-channel CLI measurement and reporting
· CLI measurement 
· Method#1: Victim UE measures RSSI within DL subband
· Method#2: Victim UE measures RSRP of aggressor UE within UL subband
· Method#3: Victim UE measures RSSI within UL subband
· CLI reporting 
· Alt #1: Separate CLI-RSSI measurement resources/reports in each DL subband
· Alt #2: CLI-RSSI measure/report in one DL subband only
· Alt #3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
· 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
· UCI bits generation including ordering and multiplexing with other types of UCI
· Subband CLI reporting
· Triggering mechanism for measurement and reporting
	[bookmark: _Toc141084635][bookmark: _Toc152011386]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.  
	· [bookmark: MCCQCTEMPBM_00001651]Coordinated scheduling in time and frequency domain is only possible at low and medium loads
· L1/L2 and L3 based UE-to-UE co-channel CLI measurement and reporting is not necessarily required for coordinated scheduling in time and/or frequency
· [bookmark: MCCQCTEMPBM_00001652]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.
· UE-UE CLI is a lesser problem than gNB-gNB CLI and optimizations for the former is not expected to increase SBFD performance drastically. 


	Spatial domain based schemes
	Beam-level UE-to-UE CLI measurement and reporting
	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 UL power control settings
	· Separate power control parameters in SBFD and non-SBFD symbols
	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


Note: The above does not imply that all listed potential specification impacts for a given CLI handling scheme will be specified.

	

	Companies

	Support
	Spreadtrum,New H3C, Sony, CEWiT, Samsung, ETRI

	Not support
	



	Companies
	Views

	Spreadtrum
	We are fine with this proposal. One minor change, can we update “Generic aspects for L1/L2 and L3 based UE-to-UE co-channel CLI measurement and reporting” to “Generic aspects for L1/L2 and L3 based UE-to-UE co-channel inter-subband CLI measurement and reporting”?

	Ericsson
	Same comment as 2-2a. Perhaps good to separate the discussions for each scheme. 

	CEWiT
	We feel that information exchange on SRS configuration should also be included. E.g., for RSRP measurement.

	LG
	Basically same comment as proposal 2-2a. At least the first column should be based on agreement. That is,
· UE-to-UE co-channel CLI measurement and reporting
· Coordinated scheduling in time and/or frequency
· Spatial domain based schemes
Power control based schemes

	NTT DOCOMO
	Same comment as for proposal 2-2a

	vivo
	For L1/L2 based UE-to-UE co-channel CLI measurement and reporting
If new report quantity is introduced, more potential impacts are identified, it can be 
· Priority for overlapping handling
· UCI coding rule   e.g. which fields are included, bits for each field and the order for different fields 
· omission rule
· CSI processing unit,, CPU occupation rule, e.g how many CPU will be occupied, the starting symbol of the occupied CPU, the ending symbol of the occupied CPU. It is MIMO's  work and we have no such expertise.
· Timeline and UE behaviour regarding timeline


	Nokia, NSB
	Though we are not thinking that this is not very necessary, we don’t have strong objection. For UE PC, we propose following.
· Different UE TX power for w/wo CLI by gNB scheduling.
· 

	QC
	Similar comment as 2-2a to align with the agreed schemes.

Suggested to add our analysis and observations on L1/L2 UE CLI measurement e.g. on latency reduction as other example.

Same comments as first round comments 1) suggest to discuss inter-SB CLI measurement in 9.3.1 separately. 2) L1 CLI explicitly and implicitly schemes shall be listed separately with different spec impact.

We are not okay with the bullet of “UE-UE CLI is a lesser problem than gNB-gNB CLI and optimizations for the former is not expected to increase SBFD performance drastically. “
UE-UE CLI is probabilistically less than inter-gNB CLI, but when it happens the impact could be severe. Based in our analysis, the DL UPT loss can be up to 90% for close proximity.

Suggested to remove Tx beam configuration (as we didn’t see any company supporting this if not mistaken.) This is for the measurement Rx UE.


	
	

	
	



Proposal 3-3a
Proposed agreement
UL Power control based schemes are not considered in the down-selection of UE-to-UE co-channel CLI handling schemes.
· Note: Support of separate power control in SBFD and non-SBFD symbols can be discussed in AI 9.3.1.

	

	Companies

	Support
	Ericsson, Sony, CEWiT, Samsung, LG, ETRI, NTT DOCOMO

	Not support
	Spreadtrum, vivo, Nokia/NSB



	Companies
	Views

	Spreadtrum
	Similar comment in proposal 2-3a.

	LG
	Same comment as proposal 2-3a.

	vivo
	Considering the WID says 
Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117).
some companies may think at least one scheme will be selected. Separate power control in SBFD and non-SBFD symbols is also one scheme that can be used to handle UE-to-UE co-channel CLI. With this proposal, does it mean besides separate power control in SBFD and non-SBFD symbols, we have to select at least one scheme in the remaining candidate schemes? If so, we prefer to do down-selection here. If separate power control in SBFD and non-SBFD symbols is supported, the details can be discussed in 9.3.1.


	Nokia, NSB
	AI9.3.1 topic do not clearly address the dynamic CLI handling. Based on the agreement in the online session, we propose to study at least one more round for the consideration.

	Moderator
	The intention is to simply the discussion by shorting the long list. The proposal is not changed.


	
	

	
	

	
	

	
	

	
	



Proposal 3-4
Proposed agreement
For SBFD aware UEs, CLI measurements is performed within the active DL BWP and the the following are 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

5. Contact person
Please provide/update the information of the contact person in the following table to facilitate the discussions.
	Company
	Name
	Email address

	New H3C
	Lei Zhou
	Zhou.leih@h3c.com

	vivo
	Na Li
	lina5g@vivo.com

	Sony
	Shin Horng Wong
	shinhorng.wong@sony.com

	Ericsson 
	Narendar Madhavan 
	narendar.madhavan@ericsson.com

	Xiaomi
	Lei Wang
	Wanglei25@xiaomi.com

	ETRI
	Junhyeong Kim
	jhkim41jf@etri.re.kr

	CEWiT
	Priyanka Dey
	priyanka@cewit.org.in

	Panasonic
	Tomohiro Inoue
	inoue.tomohiro004@jp.panasonic.com

	CATT
	Yanping Xing
	xingyanping@catt.cn 

	NEC
	Frank Zhang
Pravjyot Deogun
	Zhang_bohang@nec.cn
Pravjyot.Deogun@EMEA.NEC.COM

	LG
	Hyunsoo Ko
	hyunsoo.ko@lge.com

	LG
	Jaenam Shim
	jaenam.shim@lge.com

	Google
	Abdellatif Salah
Kao-Peng Chou
	asalah@google.com
nevillechou@google.com

	Qualcomm
	Emily Zhang
	qiaz@qti.qualcomm.com

	Nokia/NSB
	Youngsoo Yuk
Nhat-Quang Nhan
	youngsoo.yuk@nokia.com
nhat-quang.nhan@nokia.com

	NTT DOCOMO
	Hiroki Harada
Qiping Pi
	hiroki.harada.sv@nttdocomo.com
piqp@docomolabs-beijing.com.cn

	ZTE
	Shuaihua Kou
Xianghui Han
	kou.shuaihua@zte.com.con
han.xianghui@zte.com.cn

	Lenovo, Motorola Mobility
	Majid Ghanbarinejad
	mghanjad@motorola.com

	Tejas Networks
	Sairaj Desai
	sairajde@tejasnetworks.com



Annex A: Simulation results from gNB-to-gNB CLI handling
1) Simulation results from TR 38.858
[bookmark: _Toc141084634][bookmark: _Toc152011376]7.4.2.1	Inter-gNB CLI handling scheme 1: Spatial Domain Coordination Scheme for gNB Tx-Beam Nulling
[bookmark: _Toc152011377]7.4.2.1.1	Reference scheme for performance comparison
[bookmark: MCCQCTEMPBM_00001331]-	Source 1 ([19]) 
[bookmark: MCCQCTEMPBM_00001332]-	Semi-static SBFD without gNB Tx-Beam nulling
[bookmark: MCCQCTEMPBM_00001333]-	Source 2 ([26])
[bookmark: MCCQCTEMPBM_00001334]-	Semi-static SBFD without gNB Tx-Beam nulling
[bookmark: _Toc152011378]7.4.2.1.2	Proposed scheme
[bookmark: MCCQCTEMPBM_00001335]-	Source 1 ([19]) 
[bookmark: MCCQCTEMPBM_00001336][bookmark: _Hlk143674235]-	Scheme#1: Beam nulling based on steering vector.
[bookmark: MCCQCTEMPBM_00001337]-	Scheme#2: Beam nulling based on gNB-gNB channel measurement.
[bookmark: MCCQCTEMPBM_00001338]-	Source 2 ([26])
[bookmark: MCCQCTEMPBM_00001339]-	Beam nulling based on gNB-gNB channel measurement.
[bookmark: _Toc152011379]7.4.2.1.3	Performance evaluation or analysis
2 sources ([19], [26]) provide SLS evaluation results for performance comparison between SBFD without aggressor gNB Tx beam nulling and SBFD with aggressor gNB Tx beam nulling.
The summary of DL average-UPT gain and UL average-UPT gain are provided in Table 7.4.2.1.3-1, 7.4.2.1.3-2 and 7.4.2.1.3-3.
[bookmark: MCCQCTEMPBM_00000085]Table 7.4.2.1.3-1: Spatial domain coordination scheme for gNB Tx-Beam nulling (SBFD Alt-4)
	[bookmark: MCCQCTEMPBM_00000169]Simple description of key assumptions (FR1 Urban Macro, RSI based on 1dB desense, SBFD slot configuration Alt-4 ({DDDSU} vs. {XXXXX}), Twice area & same TxRUs (Option 2))

	
	[19, Scheme#1]
	[19, Scheme#2]
	[26]

	
	Low load
	Medium load
	High load
	Low load
	Medium load
	High load
	Low load
	Medium load
	High load

	DL average-UPT gain
	Mean
	-2.04%
	2.30%
	2.33%
	-2.72%
	1.54%
	-4.72%
	-1.80%
	-3.65%
	-5.49%

	
	5%
	-30.04%
	NaN
	NaN
	-39.90%
	NaN
	NaN
	-15.18%
	-54.42%
	-81.05%

	
	50%
	-2.24%
	9.71%
	-3.44%
	-4.08%
	5.07%
	-8.01%
	-0.59%
	-1.51%
	-5.11%

	
	95%
	2.76%
	-3.68%
	3.63%
	1.27%
	0.79%
	-2.63%
	-0.34%
	-0.61%
	-0.67%

	UL average-UPT gain
	Mean
	3.51%
	17.64%
	44.17%
	6.37%
	22.10%
	53.27%
	0.66%
	2.00%
	2.78%

	
	5%
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	2.49%
	129.91%
	149.91%

	
	50%
	13.19%
	28.40%
	172.51%
	17.45%
	42.31%
	209.26%
	0.29%
	0.51%
	1.06%

	
	95%
	-7.05%
	-1.09%
	13.05%
	-3.61%
	2.78%
	17.45%
	0.02%
	0.26%
	0.14%

	DL packet-Latency increase
	Mean
	6.28%
	-36.42%
	-12.97%
	-12.17%
	-28.51%
	1.74%
	1.09%
	-383.45%
	-506.56%

	
	5%
	0.00%
	0.00%
	-5.56%
	0.00%
	0.00%
	0.00%
	0.00%
	-3.23%
	-6.45%

	
	50%
	0.00%
	-7.69%
	-5.56%
	4.55%
	-5.13%
	1.85%
	3.92%
	-1.96%
	-15.69%

	
	95%
	-3.03%
	-18.38%
	-14.79%
	-5.05%
	-15.14%
	1.76%
	-30.03%
	-698.15%
	-3953.53%

	UL packet-Latency increase
	Mean
	2.61%
	-18.23%
	-1.25%
	16.75%
	-16.91%
	8.73%
	61.00%
	34.14%
	49.03%

	
	5%
	0.00%
	0.00%
	-11.54%
	0.00%
	0.00%
	-11.54%
	56.94%
	56.28%
	56.46%

	
	50%
	-5.08%
	14.29%
	15.66%
	8.47%
	20.00%
	19.28%
	63.23%
	61.61%
	60.65%

	
	95%
	1.34%
	-30.25%
	0.00%
	10.75%
	-25.16%
	12.63%
	11.63%
	11.82%
	-5.18%


Note:	In the evaluation of source 1 ([19]), 100dB(spatial isolation)+10dB(digital isolation) for inter-sector CLI and Packet Size with 0.5Mbytes for DL and 0.125Mbyte for UL are assumed. And in the evaluation of source 2 ([26]), 93dB(spatial isolation)+10dB(digital isolation) for inter-sector CLI and Packet Size with 4Kbytes for DL and 1Kbyte for UL are assumed.
[…]
[bookmark: _Hlk160024916]Summary of observations
For the following observations, UPT gain in the range of {-5%, 5%} is considered as similar UPT.
For SBFD with aggressor gNB Tx beam nulling:
In case of SBFD Alt 4, based on results from 2 sources,
[bookmark: MCCQCTEMPBM_00001340]-	Aggressor gNB Tx beam nulling based on steering vector has similar mean DL Average-UPT and lower or similar 5% DL Average-UPT for all load levels.
[bookmark: MCCQCTEMPBM_00001341]-	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.
[bookmark: MCCQCTEMPBM_00001342]-	Aggressor gNB Tx beam nulling based on steering vector has higher or similar mean UL Average-UPT and similar 5% UL 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.
· [bookmark: _Toc152011381]7.4.2.2	Inter-gNB CLI handling scheme 2: UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix
· [bookmark: _Toc152011382]7.4.2.2.1	Reference scheme for performance comparison
[bookmark: MCCQCTEMPBM_00001352]-	Source 1 ([19]) 
[bookmark: MCCQCTEMPBM_00001353]-	Semi-static SBFD without inter-gNB CLI handling
· [bookmark: _Toc152011383]7.4.2.2.2	Proposed scheme
[bookmark: MCCQCTEMPBM_00001354]-	Source 1 ([19]) 
[bookmark: MCCQCTEMPBM_00001355]-	[19], Scheme#1: Non-Transparent UL resource muting based IRC assuming UL OH: 1 symbol and DL OH: 1 symbol
[bookmark: MCCQCTEMPBM_00001356]-	[19], Scheme#2: Transparent UL resource muting based IRC assuming UL OH: 3 symbols and DL OH: 1 symbol
[bookmark: MCCQCTEMPBM_00001357]-	[19], Scheme#3: Transparent UL resource muting based IRC assuming UL OH: 4 symbols and DL OH: 1 symbol
· [bookmark: _Toc152011384]7.4.2.2.3	Performance evaluation or analysis
One source ([19]) provides SLS evaluation results for performance comparison between Non-transparent UL resource muting based IRC and Transparent UL resource muting based IRC with different uplink overhead.
The summary of DL average-UPT gain and UL average-UPT gain are provided in Table 7.4.2.2.3-1, 7.4.2.2.3-2 and 7.4.2.2.3-3.
[bookmark: _Hlk160024772]Table 7.4.2.2.3-1: UL resource muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix (SBFD Alt-4)
	Simple description of key assumptions (FR1 Urban Macro, RSI based on 1dB desense, SBFD slot configuration Alt-4 ({DDDSU} vs. {XXXXX}), Twice area & same TxRUs (Option 2), 100dB(spatial isolation)+10dB(digital isolation) for inter-sector CLI and Packet Size with 0.5Mbytes for DL and 0.125Mbyte for UL)

	
	[19, Scheme#1]
	[19, Scheme#2]
	[19, Scheme#3]

	
	Low load
	Medium load
	High load
	Low load
	Medium load
	High load
	Low load
	Medium load
	High load

	DL average-UPT gain
	Mean
	-1.22%
	1.77%
	-14.90%
	-3.62%
	-4.61%
	-16.97%
	-5.79%
	-5.79%
	-14.46%

	
	5%
	25.25%
	NaN
	NaN
	23.38%
	NaN
	NaN
	-0.71%
	NaN
	NaN

	
	50%
	-5.98%
	3.91%
	-18.97%
	-3.67%
	-2.72%
	-21.26%
	-10.12%
	-5.37%
	-18.95%

	
	95%
	0.82%
	-0.58%
	-16.16%
	-3.54%
	-7.00%
	-14.45%
	-5.31%
	-7.28%
	-12.37%

	UL average-UPT gain
	Mean
	9.94%
	20.43%
	5.02%
	-7.02%
	6.02%
	-6.38%
	-15.46%
	-10.75%
	-12.91%

	
	5%
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN

	
	50%
	16.31%
	31.11%
	-3.39%
	-2.10%
	8.44%
	-41.97%
	-14.44%
	-18.10%
	-45.34%

	
	95%
	-2.80%
	9.39%
	2.75%
	-15.63%
	-9.29%
	-8.37%
	-21.31%
	-17.35%
	-13.03%

	DL packet-Latency increase
	Mean
	-65.33%
	-12.36%
	32.56%
	-54.23%
	2.99%
	59.29%
	-50.29%
	-5.86%
	36.15%

	
	5%
	9.09%
	6.67%
	16.67%
	9.09%
	6.67%
	16.67%
	9.09%
	6.67%
	16.67%

	
	50%
	4.55%
	5.13%
	27.78%
	4.55%
	10.26%
	33.33%
	9.09%
	10.26%
	27.78%

	
	95%
	-16.16%
	0.00%
	58.80%
	-17.17%
	13.51%
	69.01%
	-6.06%
	14.59%
	41.55%

	UL packet-Latency increase
	Mean
	12.29%
	-13.68%
	44.60%
	19.10%
	-2.82%
	11.16%
	48.79%
	10.34%
	7.90%

	
	5%
	0.00%
	-5.00%
	-7.69%
	18.75%
	10.00%
	3.85%
	25.00%
	20.00%
	7.69%

	
	50%
	-18.64%
	10.00%
	1.20%
	33.90%
	1.43%
	-8.43%
	35.59%
	34.29%
	-6.02%

	
	95%
	2.11%
	-23.73%
	61.81%
	19.39%
	-3.26%
	20.06%
	40.69%
	9.39%
	9.55%


[…]
Summary of observations
For the following observations, UPT gain in the range of {-5%, 5%} is considered as similar UPT.
For SBFD with UL resource muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix:
In case of SBFD Alt 4, based on results from 1 source,
[bookmark: MCCQCTEMPBM_00001358][bookmark: _Hlk143694803]-	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.
[bookmark: MCCQCTEMPBM_00001359]-	Transparent UL resource muting based IRC assuming UL OH: 3 symbols and DL OH: 1 symbol has lower or similar mean DL Average-UPT and higher or similar 5% DL Average-UPT for all load levels.
[bookmark: MCCQCTEMPBM_00001360]-	Transparent UL resource muting based IRC assuming UL OH: 4 symbols and DL OH: 1 symbol has lower mean DL Average-UPT and 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.
[bookmark: MCCQCTEMPBM_00001362]-	Transparent UL resource muting based IRC assuming UL OH: 3 symbols and DL OH: 1 symbol has lower mean UL Average-UPT for low and high load levels, higher UL Average-UPT for medium load level and similar 5% UL Average-UPT for all load levels.
[bookmark: MCCQCTEMPBM_00001363]-	Transparent UL resource muting based IRC assuming UL OH: 4 symbols and DL OH: 1 symbol has lower mean UL Average-UPT and similar 5% UL Average-UPT for all load levels.
2) Simulation results on beam nulling from ZTE [2]
3.1.3.2	Spatial domain coordination scheme
[…]
Evaluation results for beam nulling
System level simulation on performance of gNB-to-gNB CLI handling via beam nulling is performed. The simulation assumptions and more detailed simulation results can be found in Appendix A and B. In the following, we summarize some of the results to present the advantages of beam nulling. 
In Figure-10, a comparison of blocking interference reduction between w/ beam nulling and w/o beam nulling is provided for both Dense Urban Marco layer and Urban Macro scenario. As it can be observed, enabling beam nulling can significantly reduce the blocking interference, which impacts the noise figure as agreed in SI phase. 
	[image: ] [image: ]
        Figure-10 (a) Dense Urban Marco scenario              Figure-10 (b) Urban Macro scenario


Figure-10 Simulation results of co-channel blocking interference reduction by beam nulling, Case 1 with blocking model
Observation 4: Beam nulling can significantly reduce the co-channel blocking interference by more than 10 dB. 
In Figure-11, it depicts the UL UPT performance for cell edge UEs in different Case 1 scenarios for both SBFD and dynamic TDD. More results, including the DL UPT, DL/UL latency, 50% UPT and 95% UPT etc., are provided in the appendix. As shown, the UL UPT can be increased a lot by enabling beam nulling for all RU cases for both SBFD and dynamic TDD, thanks to the reduction of blocking interference for SBFD. 
In Table A-3 in the Appendix, the simulation results for Case 3-2 are also provided. Similarly, UL UPT gain is observed by enabling beam nulling. 
	  
(a) SBFD, Dense Urban Macro scenario                      (b) SBFD, Urban Macro scenario
 
(c) Dynamic TDD, Dense Urban Macro scenario             (d) Dynamic TDD, Urban Macro scenario


Figure-11 Simulation results of UL UPT for cell edge UEs, w/ or w/o beam nulling, Case 1
Observation 5: Beam nulling can bring clear UL UPT gain for cell edge UEs for all RU cases for both SBFD and dynamic TDD. 
Proposal 11: Support beam nulling for spatial domain coordination of gNB-to-gNB CLI handling.
· The potential specification impact includes channel measurement and channel state information exchanged from victim gNB to aggressor gNB.
[…]
A. Simulation assumptions and results for beam nulling for SBFD
In this section, the detailed simulation results of beam nulling for SBFD are provided for Dense Urban Macro scenario in Table A-1 and Urban Macro scenario in Table A-2 respectively. From the simulation results, it can be observed that beam nulling can bring clear UL performance gain for SBFD, especially for cell edge UEs.
Table A-1 Simulation results of beam nulling for SBFD in Dense Urban Macro scenario, Deployment Case 1
	Reported Parameters
	1-layer scenario for SBFD: {DDDSU} vs. {XXXXX}

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD w/o BeamNull (A)
	SBFD with BeamNull (B)
	Gain of B over A (%)
	TDD
	SBFD w/o  BeamNull
(A)
	SBFD with BeamNull
(B)
	Gain of B over A (%)
	TDD
	SBFD w/o BeamNull (A)
	SBFD with BeamNull (B)
	Gain of B over A (%)

	DL Average-UPT CDF (Mbps)
	Mean
	885.07
	870.86
	826.75
	-5.15%
	623.91
	544.75
	548.72
	0.73%
	373.32
	312.51
	311.68
	-0.27%

	
	5%
	368.31
	375.67
	328.93
	-12.43%
	201.02
	147.47
	145.05
	-1.64%
	25.68
	8.98
	9.72
	8.24%

	
	50%
	919.24
	942.09
	856.66
	-9.07%
	583.68
	535.07
	532.02
	-0.57%
	299.87
	245.99
	225.21
	-8.45%

	
	95%
	1310
	1137
	1137
	0.00%
	1153
	1045
	1057
	1.13%
	929.41
	855.07
	853.52
	-0.18%

	UL Average-UPT CDF  (Mbps)
	Mean
	120.68
	139.98
	140.89
	0.19%
	98.55
	116.8
	120.56
	3.22%
	84.66
	91.38
	97.67
	6.88%

	
	5%
	27.09
	41.7
	58.64
	31.83%
	20.42
	30.05
	35.55
	18.67%
	7.93
	10.04
	13.86
	38.05%

	
	50%
	133.75
	158.64
	159.54
	0.57%
	100.7
	124.17
	129.83
	4.56%
	84.51
	90.72
	98.69
	8.79%

	
	95%
	173.37
	167.16
	167.16
	0.00%
	166.17
	167.16
	167.16
	0.00%
	162.32
	164.22
	164.25
	0.02%

	DL Packet-Latency CDF (ms)
	Mean
	5.42
	5.23
	5.82
	10.52%
	9.07
	11.62
	11.67
	0.43%
	22.41
	30.97
	33.44
	7.98%

	
	5%
	2.98
	3.48
	3.48
	0.00%
	3.16
	3.63
	3.59
	-1.10%
	3.55
	4.02
	4.02
	0.00%

	
	50%
	4.16
	4.05
	4.52
	10.62%
	6.88
	7.91
	8.05
	1.77%
	12.84
	14.13
	15.41
	9.06%

	
	95%
	11.16
	10.55
	12.16
	15.26%
	21.05
	31.16
	30.63
	-1.70%
	78.59
	128.95
	126.09
	-2.22%

	UL Packet-Latency CDF (ms)
	Mean
	9.7
	8.84
	8.44
	-0.47%
	14.96
	13.45
	12.61
	-6.25%
	26.49
	27.05
	24.95
	-7.76%

	
	5%
	5.59
	5.95
	5.98
	0.50%
	5.73
	5.98
	5.98
	0.00%
	5.88
	6.02
	5.98
	-0.66%

	
	50%
	7.41
	6.3
	6.27
	-0.48%
	9.95
	7.2
	6.7
	-6.94%
	12.73
	12.55
	11.52
	-8.21%

	
	95%
	23.38
	22.48
	15.66
	-21.78%
	40.66
	36.77
	33.59
	-8.65%
	108.23
	103.34
	99.2
	-4.01%

	Type-1 RU (%)
	DL
	6.53%
	6%
	6.54%
	-
	26.74%
	30.25%
	30.72%
	-
	63.3%
	65.39%
	66.34%
	-

	
	UL
	1.92%
	1.91%
	9.16%
	-
	7.08%
	7.04%
	6.52%
	-
	12.18%
	12.1%
	10.89%
	-

	Type-2 RU (%)
	DL
	8.17%
	7.9%
	8.62%
	-
	33.42%
	39.85%
	40.46%
	-
	79.12%
	86.14%
	87.4%
	-

	
	UL
	9.62%
	9.49%
	1.84%
	-
	35.4%
	35.09%
	32.46%
	-
	60.91%
	60.28%
	54.26%
	-



Table A-2 Simulation results of beam nulling for SBFD in Urban Macro scenario, Deployment Case 1
	Reported Parameters
	1-layer scenario for SBFD: {DDDSU} vs. {XXXXX}

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD w/o BeamNull (A)
	SBFD with BeamNull (B)
	Gain of B over A (%)
	TDD
	SBFD w/o  BeamNull
(A)
	SBFD with BeamNull
(B)
	Gain of B over A (%)
	TDD
	SBFD w/o BeamNull (A)
	SBFD with BeamNull (B)
	Gain of B over A (%)

	DL Average-UPT CDF (Mbps)
	Mean
	864.53
	767.06
	772.01
	0.65%
	660
	551.82
	551.22
	-0.11%
	456.29
	333.1
	330.72
	-0.71%

	
	5%
	329.9
	221.13
	228.34
	3.26%
	194.58
	66.39
	74.87
	12.77%
	32.88
	8.33
	3.57
	-57.14%

	
	50%
	898.37
	814.55
	820.51
	0.73%
	647.6
	534.61
	552.27
	3.30%
	406.76
	280.09
	270.91
	-3.28%

	
	95%
	1295
	1137
	1137
	0.00%
	1205
	1079
	1079
	0.00%
	1068.92
	839.02
	858.24
	2.29%

	UL Average-UPT CDF  (Mbps)
	Mean
	62.73
	89.401
	91.24
	2.06%
	62.14
	81.89
	86.11
	5.15%
	52.19
	67.16
	72.3
	7.65%

	
	5%
	0
	6.63
	8.43
	27.15%
	0
	5.23
	9.17
	75.33%
	0
	5.12
	10.12
	97.66%

	
	50%
	57.2
	83.96
	83.96
	0.00%
	55.61
	71.7
	80.34
	12.05%
	39.08
	58.39
	66.12
	13.24%

	
	95%
	165.19
	166.17
	166.17
	0.00%
	156.86
	163.27
	163.27
	0.00%
	147.18
	158.64
	159.54
	0.57%

	DL Packet-Latency CDF (ms)
	Mean
	5.92
	7.96
	7.41
	-6.91%
	9.39
	13.59
	14.63
	7.65%
	20.8
	28.58
	28.78
	0.70%

	
	5%
	3.05
	3.52
	3.52
	0.00%
	3.16
	3.59
	3.59
	0.00%
	3.34
	3.7
	3.8
	2.70%

	
	50%
	4.34
	4.88
	4.8
	-1.64%
	6.48
	7.52
	7.38
	-1.86%
	9.8
	12.84
	12.73
	-0.86%

	
	95%
	12.13
	18.38
	18.09
	-1.6%
	24.91
	47.41
	42.55
	-10.25%
	74.23
	116.7
	121.2
	3.86%

	UL Packet-Latency CDF (ms)
	Mean
	34.17
	27.93
	24.61
	-11.89%
	47.73
	38.49
	28.24
	-26.63%
	54.94
	47.13
	34.96
	-25.82%

	
	5%
	7.55
	6.02
	6.02
	0.00%
	6.8
	6.05
	6.02
	-0.50%
	7.16
	6.16
	6.16
	0.00%

	
	50%
	12.95
	11.73
	11.73
	0.00%
	15.48
	14.34
	12.7
	-11.44%
	22.38
	18.73
	17.05
	-8.97%

	
	95%
	110.55
	105.48
	101.23
	-4.03%
	146.45
	136.55
	101.95
	-25.34%
	200.73
	182.09
	108.09
	-40.64%

	Type-1 RU (%)
	DL
	7.89%
	9%
	9.28%
	-
	29.87%
	33.76%
	33.59%
	-
	61.09%
	62.45%
	63.61%
	-

	
	UL
	1.33%
	4.03%
	4.26%
	-
	4.46%
	33.59%
	10.16%
	-
	12.68%
	18%
	17.78%
	-

	Type-2 RU (%)
	DL
	9.86%
	11.85%
	12.22%
	-
	37.33%
	44.48%
	44.25%
	-
	76.36%
	82.27%
	83.79%
	-

	
	UL
	6.64%
	20.05%
	21.21%
	-
	22.29%
	44.25%
	50.6%
	-
	63.4%
	89.68%
	88.58%
	-



Annex B: Simulation results from UE-to-UE CLI handling
1) Simulation results from TR 38.858
[bookmark: _Toc152011390]7.4.3.1.3	Performance evaluation or analysis
2 sources ([19], [33]) provide SLS evaluation results for performance comparison with coordinated scheduling.
The summary of DL average-UPT gain and UL average-UPT gain are provided in Table 7.4.3.1.3-1, 7.4.3.1.3-2 and 7.4.3.1.3-3.
[bookmark: MCCQCTEMPBM_00000091]Table 7.4.3.1.3-1: Coordinated scheduling (SBFD Alt-4)
	[bookmark: MCCQCTEMPBM_00000175]Simple description of key assumptions (FR1 Urban Macro, RSI based on 1dB desense, SBFD slot configuration Alt-4 ({DDDSU} vs. {XXXXX}), Twice area & same TxRUs (Option 2), and Packet Size with 0.5Mbytes for DL and 0.125Mbyte for UL)

	
	[19, Scheme#1]
	[19, Scheme#2]
	[33]

	
	Low load
	Medium load
	High load
	Low load
	Medium load
	High load
	Low load
	Medium load
	High load

	DL average-UPT gain
	Mean
	20.20%
	37.84%
	39.73%
	18.99%
	36.76%
	40.89%
	3.25%
	0.90%
	0.79%

	
	5%
	101.99%
	NaN
	NaN
	93.44%
	NaN
	NaN
	-7.66%
	-15.36%
	-26.38%

	
	50%
	16.39%
	46.89%
	41.32%
	18.05%
	42.38%
	48.63%
	2.77%
	-1.10%
	-0.94%

	
	95%
	7.79%
	9.64%
	13.30%
	7.88%
	12.85%
	8.98%
	4.05%
	4.87%
	7.76%

	UL average-UPT gain
	Mean
	1.84%
	0.18%
	-12.96%
	1.96%
	10.17%
	-6.50%
	25.63%
	-8.76%
	-28.58%

	
	5%
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	142.32%
	-60.24%
	-98.65%

	
	50%
	4.61%
	0.76%
	-43.17%
	4.26%
	9.43%
	-28.22%
	19.29%
	-39.95%
	-78.11%

	
	95%
	-2.51%
	-0.56%
	-2.65%
	-2.51%
	6.19%
	-5.60%
	35.82%
	29.12%
	14.57%

	DL packet-Latency increase
	Mean
	-80.92%
	-50.92%
	-21.92%
	-80.46%
	-50.53%
	-24.32%
	10.22%
	156.82%
	64.99%

	
	5%
	0.00%
	-6.67%
	-5.56%
	0.00%
	-6.67%
	-5.56%
	-0.73%
	-1.17%
	-2.08%

	
	50%
	-13.64%
	-23.08%
	-14.81%
	-13.64%
	-20.51%
	-20.37%
	-1.67%
	-0.29%
	-2.09%

	
	95%
	-45.45%
	-42.70%
	-11.62%
	-44.44%
	-41.62%
	-28.17%
	89.56%
	105.91%
	98.23%

	UL packet-Latency increase
	Mean
	33.13%
	-6.43%
	40.15%
	-1.11%
	-0.03%
	30.71%
	-12.64%
	76.76%
	311.76%

	
	5%
	0.00%
	0.00%
	-11.54%
	0.00%
	-5.00%
	-11.54%
	-22.99%
	-20.49%
	-15.44%

	
	50%
	-5.08%
	8.57%
	51.81%
	-22.03%
	24.29%
	38.55%
	-13.24%
	83.84%
	339.72%

	
	95%
	4.03%
	-5.74%
	52.07%
	1.54%
	-10.69%
	28.16%
	-13.79%
	62.69%
	198.83%


Note:	In the evaluation of source 1 ([19]), 100dB(spatial isolation)+10dB(digital isolation) for inter-sector CLI is assumed. And in the evaluation of source 2 ([33]), 93dB(spatial isolation) for inter-sector CLI is assumed.
[…]
Summary of observations
For the following observations, UPT gain in the range of {-5%, 5%} is considered as similar UPT.
For SBFD with coordinated scheduling:
In case of SBFD Alt 4, based on results from 2 sources,
[bookmark: MCCQCTEMPBM_00001388]-	Coordinated scheduling based on L3 UE-UE CLI measurement has higher mean DL Average-UPT and higher or similar 5% DL Average-UPT for all load levels.
[bookmark: MCCQCTEMPBM_00001389]-	Coordinated scheduling based on L1 UE-UE CLI measurement has higher mean DL Average-UPT and higher or similar 5% DL Average-UPT for all load levels.
[bookmark: MCCQCTEMPBM_00001390]-	Intra-cell coordinated scheduling has similar mean DL Average-UPT and lower 5% DL Average-UPT for all load levels.
[bookmark: MCCQCTEMPBM_00001391]-	Coordinated scheduling based on L3 UE-UE CLI measurement has similar mean UL Average-UPT for low and medium load levels, lower mean UL Average-UPT for high load level and similar 5% UL Average-UPT for all load levels.
[bookmark: MCCQCTEMPBM_00001392]-	Coordinated scheduling based on L1 UE-UE CLI measurement has higher or similar mean UL Average-UPT for low and medium load level, lower mean UL Average-UPT for high load level, and similar 5% UL Average-UPT for all load levels.
[bookmark: MCCQCTEMPBM_00001393]-	Intra-cell coordinated scheduling has higher mean UL Average-UPT for low load level, lower mean UL Average-UPT for medium and high load level and higher 5% UL Average-UPT for low load level, lower 5% UL Average-UPT for medium and high load level.
In case of SBFD Alt 2, based on results from 2 sources,
[bookmark: MCCQCTEMPBM_00001394]-	Coordinated scheduling based on L3 UE-UE CLI measurement has higher mean DL Average-UPT and higher or similar 5% DL Average-UPT for all load levels.
[bookmark: MCCQCTEMPBM_00001395]-	Coordinated scheduling based on L1 UE-UE CLI measurement has higher mean DL Average-UPT and higher or similar 5% DL Average-UPT for all load levels.
[bookmark: MCCQCTEMPBM_00001396]-	Intra-cell coordinated scheduling has lower mean and 5% DL Average-UPT for all load levels.
[bookmark: MCCQCTEMPBM_00001397]-	Coordinated scheduling based on L3 UE-UE CLI measurement has lower or similar mean UL Average-UPT and similar 5% UL Average-UPT for all load levels.
[bookmark: MCCQCTEMPBM_00001398]-	Coordinated scheduling based on L1 UE-UE CLI measurement has higher mean UL Average-UPT for low load level, lower mean UL Average-UPT for medium and high load level and similar 5% UL Average-UPT for all load levels.
[bookmark: MCCQCTEMPBM_00001399]-	Intra-cell coordinated scheduling has higher or similar mean UL Average-UPT and higher 5% UL Average-UPT for all load levels.
In case of SBFD Alt 1, based on results from 1 source,
[bookmark: MCCQCTEMPBM_00001400]-	Coordinated scheduling based on L3 UE-UE CLI measurement has higher mean and 5% DL Average-UPT for all load levels.
[bookmark: MCCQCTEMPBM_00001401]-	Coordinated scheduling based on L1 UE-UE CLI measurement has higher mean and 5% DL Average-UPT for all load levels.
[bookmark: MCCQCTEMPBM_00001402]-	Coordinated scheduling based on L3 UE-UE CLI measurement has lower or similar mean UL Average-UPT and similar 5% UL Average-UPT for all load levels. 
[bookmark: MCCQCTEMPBM_00001403]-	Coordinated scheduling based on L1 UE-UE CLI measurement has lower or similar mean UL Average-UPT and similar 5% UL Average-UPT for all load levels. 
According to source 1, Coordinated scheduling based on L3 UE-UE CLI measurement (scheme 1) and coordinated scheduling based on L1/L2 UE-UE CLI measurement (scheme 2) can achieve better mean DL Average-UPT than semi-static SBFD without inter-UE CLI handling (reference scheme). However, there is a slight loss in mean UL Average-UPT at low and medium load levels and moderate loss at high load level since for both scheme 1 and scheme 2, DL scheduling is prioritized over UL in case there is strong UE-UE CLI. In addition, 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.
2) Simulation results from InterDigital, Inc. [11]
2.1.2.1	Initial performance analysis on L1/L2-based CLI measurement and reporting
In this section, preliminary SLS results investigating impact of UE-to-UE CLI measurement and reporting are presented. For these simulations we focus on an outdoor UMa scenario that utilizes a clustered dropping of UEs, resulting in high UE-UE CLI. SLS assumptions are provided in the appendix and are based on those provided in section 7 of [3]. We consider two UE-to-UE CLI measurement and reporting schemes and compare their performance. Scheme 1 is based on layer 3 reporting based on CLI measurement resources, whereas Scheme 2 is based on a genie aided L1/L2-based UE-to-UE CLI measurement and reporting scheme. The UE-to-UE CLI measurement for both schemes is available at the gNB, allowing the gNB to make use of this information and potential UE-to-UE CLI impact of uplink UE transmissions on downlink UEs. The gNB utilizes this for an interference aware scheduling scheme where uplink and downlink scheduling for SBFD subbands is done based on minimizing impact of UE-to-UE CLI.
From Table 1, we observe that the large latency associated with L3-based CLI measurement and reporting (Scheme 1) renders this information somewhat outdated. As a result gNB’s efforts at using this measurement for scheduling purposes does little in terms of managing the UE-to-UE interference, resulting in a significant performance degradation for the downlink UEs - 38% and 47% at low and medium loads, respectively. 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.  
Table 1. SBFD system performance based on CLI measurement/reporting schemes
	Reported Parameters
	Low load
	Medium load

	
	TDD
	SBFD Scheme 1
	SBFD Scheme 2
	TDD
	SBFD Scheme 1
	SBFD Scheme 2

	DL UPT [Mbps]
	428.215

	265.15
(-38.08%)
	361.313
(-15.62%)
	361.92

	190.5
(-47.36%)
	259.573
(-28.28%)

	UL UPT 
[Mbps]
	78.904

	86.884 
(+10.11%)
	87.913
(+11.42%)
	74.585
	85.982
(+15.28%)
	88.31
(+18.40%)



Observation 7. Use of CLI measurement and reporting schemes can help the gNB schedule downlink and uplink UEs so as to reduce the effects of UE-to-UE CLI on downlink UE performance.
Proposal 7. Support L1/L2-based UE-to-UE CLI measurement and reporting, utilizing a SINR-type metric for the CLI reporting. 
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