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Introduction
In RAN#94-e meeting, a study item on evolution of NR duplex operation is approved and the corresponding description is provided in [1]. According to the SID, the subband non-overlapping Full Duplex (SB-FD) and potential enhancements on dynamic/flexible TDD are studied. Also, identification of deployment scenarios and developing evaluation methodology are also included in the scope as follows.
	In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges
The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).



In this contribution, we discuss on potential enhancements on dynamic/flexible TDD. Specifically, discussion is focused on the cross link interference (CLI) in terms of gNB-to-gNB CLI and UE-to-UE CLI.
gNB-to-gNB CLI handling
There were many subjects and regarding discussion for gNB-to-gNB CLI handling. The most of subjects was concluded as agreement or conclusion, and only remaining issue to be discussed for gNB-to-gNB CLI handling would be spatial domain enhancement. In this regard, we discuss details about spatial domain enhancements.

Spatial domain enhancements
The ultimate purpose of spatial domain enhancement for gNB-to-gNB CLI handling is to reduce or suppress CLI, which is based on exchange the beam information among gNBs. In that perspective, we focus on how the beam information is to be exchanged. Similar topics were discussed in Rel-17 eIAB and is being discussed in agenda item 9.12, i.e., Rel-18 NR mobility enhancement.
First of all, discussion in A.I. 9.12 should be monitored. Although the purpose of it is to support cell switch considering mobility of UE, it is based on the information exchange between gNB(s). The discussion regarding this item involves the UE performing at least DL synchronization for candidate cells based on SSB prior to the reception of the L1/L2 cell switch command. Additionally, there is ongoing discussion on whether to support synchronization based on channels other than SSB. To support this, the gNB needs to provide information on candidate cell's SSB or other signal/channel (e.g., CSI-RS) information, i.e., beam information, for UEs served by that gNB. This assumes that the gNB has knowledge of the candidate cell's beam information. Here, candidate cell refers to cells from which UEs served by a specific cell can potentially perform cell switch. This means adjacent gNBs, and from the perspective of gNB-to-gNB CLI handling, this is assumed to be a potential aggressor cell. Based on this, at least SSB information of candidate cells (or potential aggressor cells) is assumed to be shared among gNBs to support NR mobility enhancement.
The only difference is that gNB-to-gNB CLI handling assumes the exchange of gNB's DL Tx beam and UL Rx beam, while for mobility, only the gNB's DL Tx beam information exchange is assumed. However, the implementation of gNB's UL Rx beam cannot be enforced and its representation is also ambiguous. Therefore, realistically, it is necessary to focus on the exchange of DL Tx beam information, and in that case, the exchange of gNB's DL Tx beam information to support these two features will be common. Accordingly, it would be appropriate to exchange beam information among gNBs rather than aggressor to victim.

Proposal 1. For spatial domain enhancement of gNB-to-gNB CLI handling, DL Tx beam information can be exchanged for consistency with A.I. 9.12.

It would be optimal to have both the DL Tx beam information of the aggressor gNB and the UL Rx beam information of the victim gNB for gNB-to-gNB CLI handling, but this would impact the gNB scheduler and may not be practical as there is no appropriate representation for UL Rx beams. Additionally, gNB-to-gNB CLI can still be handled with just the DL Tx beam information of the aggressor gNB. For example, if the victim gNB knows the DL Tx beam information of the aggressor gNB, it can provide the measurement of CLI and the beam information to the potential aggressor gNB.
There needs to be a discussion on how to exchange beam information. One way to do this is through beam association, such as TCI state for a candidate cell. However, this requires pre-configured resources between gNBs, so it may not be suitable. Another way is to exchange beam information based on reference signal ID.
Similar features are supported in Rel-17 eIAB and Rel-18 NCR, which have beam indication/exchange. Among them, Rel-17 eIAB is more suitable because it has restricted and recommended beam indications. In Rel-17 eIAB, the child IAB-DU Restricted Beam Indication MAC CE is used by an IAB-node to indicate spatial and frequency resources where simultaneous transmission/reception from the IAB-MT and transmission from the IAB-DU cells is restricted. The IAB-MT Recommended Beam Indication MAC CE is used by an IAB-node to indicate recommendations for such restrictions to its parent node. Time resources where these restrictions/recommendations apply are indicated via RRC. In particular, the recommended beam indication is for the IAB-MT, so beam indication is based on the TCI state ID, SSB ID, CSI-RS index, and SRI of the MT. On the other hand, the restricted beam indication is for the IAB-DU, so beam indication is based on the SSB index, STC index, and CSI-RS index of the DU. As the gNB is essentially similar to the IAB-DU, spatial domain exchange of gNB-to-gNB CLI handling should be based on reference signal ID.

Proposal 2. Reference signal ID can be used for beam information exchange between gNBs.

The only difference between situation in Rel-17 eIAB and gNB-to-gNB CLI handling is that there is no relation between gNBs such as parent-child in eIAB. Assuming such relation is present, then the parent-child can be directly mapped to aggressor-victim or victim-aggressor. However, whether a gNB is victim or aggressor depends on CLI which can be instantaneous or at least dynamic. Therefore before defining any kind of behaviour based on such relation, it needs to be distinguished which gNB is victim or aggressor. That is, spatial domain information exchange should be based on CLI measurement, which should assume close coordination between gNBs. However, frequent information exchange between gNBs is not hard to be realized, and accurate CLI measurement is impossible without beam information. Therefore, rather than that, the exchange of beam information would be more appropriate to be shared between gNBs rather than informed from aggressor to victim or from victim to aggressor.

Proposal 3. It is desirable that beam information of gNB(s) is shared rather than provided from aggressor to victim or victim to aggressor gNB.

One of the typical pieces of information exchanged between gNBs is the intended TDD UL-DL configuration. Within the periodicity, intended slot format information is provided, and beam information exchange can also be applied using the same principle. In other words, within the given periodicity, the intended beam information of the gNB(s) can be provided based on the reference signal ID. However, if it is only for gNB-to-gNB CLI handling, intended beam information can be exchanged only during specific time intervals where the gNB-to-gNB CLI is expected to occur, rather than exchanging intended beam information for all time resources within the periodicity. For example, time intervals in which SBFD operation is performed or time intervals where the link direction is expected to be unaligned within the network can be considered.
Furthermore, in agenda item 9.3.2, it was agreed that the gNB indicates the UE on the SBFD symbol. At this time, the applied beam in the SBFD symbol and the applied beam in the non-SBFD symbol may differ from the gNB's perspective. The SBFD symbol is a time interval in which the DL and UL directions may differ according to the frequency from the gNB's perspective. Therefore, multiple beam indication for frequency domain with certain granularity can be considered. For example, it can be considered to exchange beam information for the entire or part of the bandwidth based on a specific granularity, for frequency resources where the link direction between gNBs is not aligned.
Based on the given spatial domain information, gNBs can have actions rather than to avoid gNB-to-gNB CLI occurrence before it happens, but to handle gNB-to-gNB CLI after it occurs. For example, the victim can inform the aggressor of the CLI results measured through a measurement report, or can avoid scheduling on the resource if the victim measures CLI, or the MCS selection of the scheduled UE on the resource can be different.

Proposal 4. Spatial domain information exchange of gNB-to-gNB CLI handling is targeting to CLI mitigation after gNB-to-gNB CLI occurrence rather than preventing.

UE-to-UE CLI handling
There were many subjects and regarding discussion for UE-to-UE CLI handling. Most of subjects are concluded to be agreement or conclusion, and only remaining issue to be discussed would be details of L1/L2 based UE-to-UE CLI handling. Since it is agreed that proponents are encouraged to provide the mechanism of L1/L2 based CLI measurement and reporting, our view regarding L1/L2 based UE-to-UE CLI enhancement in terms of measurement and report is provided in following sections. In addition to that, it is agreed that proponents are encouraged to provide the benefits of L1/L2 based CLI measurement and reporting compared with existing L3 CLI/CSI measurement. The Rel-16 UE-to-UE CLI measurement framework, i.e., L3 based CLI measurement is resultant of long-term characteristic, and it cannot be imply instantaneous CLI situation since it is not triggered by L1/L2 signaling.
In the case of flexible/dynamic TDD and changing link directions between gNBs, periodic resource measurements have limited reliability. This is because the link direction is constantly changing dynamically, and particularly, UL transmissions are not always periodic and have limited repetition numbers. Therefore, performance degradation of downlink reception due to UE-to-UE CLI experienced by the victim UE cannot be reflected in long-term characteristics or may only be reflected in some parts, making it insignificant. In other words, UE-to-UE CLI in dynamic/flexible TDD has short-term characteristics, and thus, L1/L2 based measurement and report that are tailored to this characteristic are necessary.
Further discussions are required on how to use the L1/L2 based CLI measurement results (e.g., uplink/downlink power control of aggressor/victim UE based on L1/L2 CLI measurement, downlink reception cancellation of victim UE, etc.). It depends on the level of precision and real-time information that L1/L2 CLI measurement can provide.

L1/L2 based UE-to-UE CLI measurement and report
Before going into detailed discussions, it is necessary to examine the scenarios in which UE-to-UE CLI occurs. First, the link direction between the UEs should be different, and secondly, the distance between the two UEs must be close enough for the victim UE to receive the aggressor UE's signal. This can be divided into intra-cell UE-to-UE CLI and inter-cell UE-to-UE CLI. Intra-cell UE-to-UE CLI occurs when the link direction between UEs within a cell is different. This can occur when some UEs fails to receive change of TDD configuration properly in cells that operate flexible TDD, but is mainly related to the SBFD environment. On the other hand, inter-cell UE-to-UE CLI occurs in both dynamic/flexible TDD and SBFD environments. In this case, it can be assumed that both the victim and aggressor are located at the cell edge in order for the distance between the two UEs to be close enough. Therefore, it is perfectly reasonable to focus on the environment where both the victim and aggressor UEs are located at the cell edge in inter-cell UE-to-UE CLI.

Observation 1. Inter-cell UE-to-UE CLI with both of victim and aggressor UE located at the cell edge is common scenario to both SBFD and dynamic/flexible TDD.

Measurement for L1/L2 based UE-to-UE CLI
In this section, measurement resource itself and further information to enhance more accurate measurement, i.e., spatial domain information and timing information for measurement are discussed.


Measurement resource
For the conventional L3 based CLI measurement, only periodic resource can be configured for both of SRS and CLI. Since the target of L1/L2 based UE-to-UE CLI enhancement is to deliver timely manner CLI information to gNB, it is natural that aperiodic resource should be considered for time domain configuration of measurement resource. If the periodic resource is considered for L1/L2 based CLI measurement resource, since the conventional configurable periodicity is between 120 ms and 30 min, which is dramatically long, could be shortened.

Proposal 5. For L1/L2 based UE-to-UE CLI measurement resource, consider aperiodic measurement resource configuration and/or shortened periodicity.

The CLI metric needs to be discussed. In the case of intra-cell UE interference, both the aggressor and victim UE are in the same cell. Therefore, the victim UE can be indicated to measure SRS-RSRP for a given sequence using the aggressor UE's SRS information even without coordination between gNBs. However, in the case of inter-cell UE interference, it may be difficult to exchange the aggressor UE's SRS information in real-time between gNBs. Even if the aggressor UE's SRS information cannot be exchanged in real-time, the location of time/frequency resources where SRS can be transmitted is limited, and this is common to both of the aggressor and victim UEs. Therefore, measuring interference for the time/frequency location where SRS can be transmitted by the victim UE, even without sequence information, would be more accurate than measuring based on CLI resources that are independent of the time/frequency location of SRS. Thus, SRS-RSSI should also be configurable. This is feasible even for intra-cell UE CLI. In conclusion, SRS-RSRP can be used for intra-cell UE CLI, and SRS-RSSI can be used for both intra-cell and inter-cell UE CLI measurements.

Proposal 6. For L1/L2 based UE-to-UE CLI measurement metric, SRS-RSSI can be considered.

L1/L2 based UE-to-UE CLI measurements are intended to estimate short-term CLI, and thus they may be more vulnerable to environmental changes than L3 measurements. To suppress this effect, configuration or indication of additional information for L1/L2 based CLI measurements can be considered.

Spatial domain information
In order to achieve more accurate and robust CLI measurement, beam information can be taken into consideration. While it is practically impossible for the victim UE to receive beam information from the aggressor UE or to apply a beam directed to aggressor UE since UE-to-UE measurement/signaling is not possible, it is highly likely that the direction in which the victim UE is facing is similar to or the same as the gNB serving the aggressor UE. Therefore, the beam information (e.g., SSB, CSI-RS) of the serving cell can be considered as the beam information for CLI measurement. For the configuration of beam information for cells other than the serving cell, there have been similar discussions in Rel-17 ICBM (Inter-cell beam management) and being discussed in Rel-18 Further NR mobility enhancements. In these items, the beam information configuration for candidate cells for beam change or cell change was discussed, and this concept can be applied to CLI by replacing the candidate cell to the (potential) aggressor UE belongs. This can provide relatively accurate information, especially in the case of CLI-RSSI measurement rather than sequence-based CLI measurement (SRS-RSRP).

Proposal 7. For L1/L2 based UE-to-UE CLI measurement resource, consider spatial domain configuration.

[image: ]
[bookmark: _Ref127202381]Figure 1. Potential UE-to-UE CLI scenario

Timing information
Existing CLI measurement timing depends on UE implementation. However, setting the timing is important in terms of accurate CLI measurement. According to agreements in Rel-18 NR mobility enhancement, TA acquisition of candidate cells is supported prior to the L1/L2 cell switch command. Similar to gNB-to-gNB CLI, a candidate cell can be considered an adjacent cell that the UE can potentially handover to, which can be the serving cell of the aggressor UE in the inter-cell UE CLI scenario previously mentioned, assuming that the UE is at the cell edge. This means that UEs can be divided into two groups; UEs with and without the capability to obtain TA information of the candidate cell in the network. For UEs without this capability, it is difficult to consider additional enhancements since there is no way for such UE to obtain UE-to-UE timing information or infer it from any other available information. On the other hand, UEs with the capability can differentiate the CLI measurement value of each candidate cell based on the UL TA of the candidate cells. For an inter-cell CLI scenario where the victim UE and the aggressor UE are located at the cell edge, an example is shown in Figure 1. 

[image: ]
[bookmark: _Ref127209706]Figure 2. Example of timeline UEs and gNBs

In the figure, gNB1 is performing DL and UE1, which is being served by gNB1, is the victim and receiving the signal from gNB1. gNB2 and gNB3 both have UL as their link direction, and UEs served by gNB2 and gNB3 are both aggressors performing UL. UE1 has the capability to obtain TA information for candidate cells (i.e., gNB2, gNB3). UE1, UEs served by gNB2, and UEs served by gNB3 are all adjacent enough to generate CLI. If they are not adjacent, the probability of experiencing CLI is low because UE's transmit power is not strong enough. An example of the timeline of the transmission and reception timing of UEs and gNBs is shown in Figure 2.
As seen from the figure, the timing of the CLI received by UE1 from UEs served by gNB2 is similar to the timing advance from UE1's perspective to gNB2, and the timing of the CLI received by UE1 from UEs served by gNB3 is similar to the timing advance from UE1's perspective to gNB3. This is because the distance between the UEs is close. In other words, the TA value to gNB 2 known by UE1 is the value advanced from the reception time of gNB2 to UE1 and gNB2's channel propagation delay, and the time UEs served by gNB2 transmit is the value advanced from the reception time of gNB2 to UEs served by gNB2 and gNB2's channel propagation delay. The channel propagation delay between UE1 and gNB2 and between UEs served by gNB2 and gNB2 can be considered similar. Therefore, TA values for candidate cells can be used to more accurately measure the CLI of the aggressor UE belonging to that cell. This can also be used to differentiate which cell the aggressor UE belongs to, depending on the cell deployment.

Proposal 8. For UEs capable of TA acquisition of candidate cell, TA of candidate cell can be used to accurate inter-cell UE-to-UE CLI measurement.

Report for L1/L2 based UE-to-UE CLI
The existing L1/L2 measurement based reporting includes the CSI reporting mechanism as a representative example. It is desirable to reuse this mechanism rather than introduce new one which could be over complicated. One of the possible candidate for reusing it is, setting up CLI measurement resources in place of existing CSI-RS resources and reporting using the existing CSI reporting mechanism. To enable such reuse of the existing reporting mechanism, it would be natural to report the L1/L2 CLI report contents as a UCI.

Proposal 9. L1/L2 based UE-to-UE CLI can be reported as UCI to reuse CSI reporting mechanism.

An important part of L1/L2 UE-to-UE CLI is the triggering method. If we follow the same methodology for L3 measurements, two types can be considered: gNB indicated report and event-triggered report. Similar discussions can be found for L1 measurement report for Rel-18 L1/L2 mobility. The result of this discussion is that for gNB scheduled L1 measurement report for Rel-18 L1/L2-triggered mobility, report as UCI (semi-persistent report on PUSCH, and aperiodic report on PUSCH) is supported and periodic and semi-persistent PUCCH is remained to be FFS. For event-triggered reports, discussions are ongoing, considering factors such as the definition of events in L1. Based on them, gNB indicated report, event triggered report is discussed.

gNB indicated report
For gNB indicated reports, it would be natural to report the L1/L2 CLI report contents as a UCI to reuse the existing reporting mechanism. To reduce spec impact and considering report on both PUCCH and PUSCH, treating the UCI for L1/L2 CLI reports content as the UCI for CSI would be one option. Alternatively, to minimize the spec impact, a new type of UCI that reports only on PUSCH could be considered. That is, a new type of UCI could be sent on PUSCH with a payload that is added to or combined with the payload of the existing UCI, or a bit for CLI reports on PUSCH could be punctured to report.

Event-triggered report
The existing definition of an event for L3 measurement is a mechanism that reports when a configured threshold is exceeded. For L1/L2 CLI, it is necessary to define the event based on L1/L2 requirements. The definition of the L3 measurement event can be used as a basis, where the UE performs CLI monitoring for the configured resources, and an event can be defined as the received CLI exceeding a configured threshold. Two options can be considered in this case, based on whether the UE performs the report based on event occurrence. If an event occurs, the UE can perform CLI measurement report through PUSCH or PUCCH without scheduling. This method allows the gNB to easily monitor the UE's CLI environment within the cell, even without the gNB indicating the UE to report the CLI measurement.
Alternatively, we could consider separating event occurrence and reporting. If L1/L2 measurements are reported to the UCI, specific bits of the UCI can be reserved, and when an event occurs, the CLI measurement results can be inserted into the corresponding bit. If no event occurs, the bit can be left empty, and reporting can follow the gNB indicated report. In other words, the UE can hold the measurement results based on event occurrence until the gNB indicates the CLI measurement report to be sent. While this approach may make it difficult for the gNB to sequentially understand the UE's CLI environment, it can prevent frequent transmission by the UE without scheduling.

Summary
In this contribution, we have discussed on potential enhancements on dynamic/flexible TDD. From the discussion, we obtained following proposals and an observations:

gNB-to-gNB CLI
Proposal 1. For spatial domain enhancement of gNB-to-gNB CLI handling, DL Tx beam information can be exchanged for consistency with A.I. 9.12.
Proposal 2. Reference signal ID can be used for beam information exchange between gNBs.
Proposal 3. It is desirable that beam information of gNB(s) is shared rather than provided from aggressor to victim or victim to aggressor gNB.
Proposal 4. Spatial domain information exchange of gNB-to-gNB CLI handling is targeting to CLI mitigation after gNB-to-gNB CLI occurrence rather than preventing.

UE-to-UE CLI
Observation 1. Inter-cell UE-to-UE CLI with both of victim and aggressor UE located at the cell edge is common scenario to both SBFD and dynamic/flexible TDD.
Proposal 5. For L1/L2 based UE-to-UE CLI measurement resource, consider aperiodic measurement resource configuration and/or shortened periodicity.
Proposal 6. For L1/L2 based UE-to-UE CLI measurement metric, SRS-RSSI can be considered.
Proposal 7. For L1/L2 based UE-to-UE CLI measurement resource, consider spatial domain configuration.
Proposal 8. For UEs capable of TA acquisition of candidate cell, TA of candidate cell can be used to accurate inter-cell UE-to-UE CLI measurement.
Proposal 9. L1/L2 based UE-to-UE CLI can be reported as UCI to reuse CSI reporting mechanism.
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Annex
Following agreements were made in RAN1#109-e meeting [2].
	Agreement
· For discussion in AI 9.3.3, consider the deployment scenarios for dynamic/flexible TDD which are agreed for evaluation purpose under AI 9.3.1 in RAN1#109-e.
· Under AI 9.3.3., no more discussion about the deployment scenario for potential enhancement on dynamic/flexible TDD 

Agreement
At least, following interference scenarios can be considered for study of dynamic/flexible TDD:
· gNB-to-gNB inter-cell co-channel interference
· UE-to-UE inter-cell co-channel interference
Guideline for future meetings
· Note: AI 9.3.3 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD.
· Note: AI 9.3.2 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for SBFD.

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

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

Conclusion
The following self-interference scenario and inter-subband CLI scenarios are not considered under AI 9.3.3 (Potential enhancements on dynamic/flexible TDD).
· gNB self-interference
· UE-to-UE intra-cell co-channel inter-subband CLI
· UE-to-UE inter-cell co-channel inter-subband CLI
· gNB-to-gNB inter-cell co-channel inter-subband CLI



Also, following agreements were made in RAN1#110 meeting [3].
	gNB-to-gNB CLI
1. gNB-to-gNB CLI measurement
Agreement
Study the feasibility and potential benefits of gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource configuration
· Measurement details
· Relevant information exchange
· Usage of measurement

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

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


	UE-to-UE CLI
1. Potential enhancements to UE-to-UE CLI measurement/reporting
Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB

2. Coordinated scheduling
Agreement
Study the feasibility and potential benefits of coordinated scheduling for time/frequency resources between gNBs (if needed) for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of coordinated scheduling for time/frequency resources
· Relevant information exchange (if needed)
3. Spatial domain enhancements
Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI handling based on spatial domain coordination method which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic /flexible TDD, at least includes:
· Details for spatial domain coordination by gNB
· Relevant information exchange (if needed)
Note1: Study can include method for FR1 and FR2



Following agreements were made in RAN1#110-bis-e meeting [4].
	gNB-to-gNB CLI

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

Agreement
For gNB-to-gNB co-channel CLI measurement, consider as baseline reusing existing DL channel(s)/signal(s)/measurement_resource(s)
· For example, SSB, NZP/ZP-CSI-RS, DMRS for PDCCH/PDSCH, CSI-IM, RSSI measurement resource, etc.
· FFS: Which type of DL channel(s)/signal(s) can be used for gNB-to-gNB co-channel CLI measurement
· FFS: How resources are used/configured

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

7. Potential enhancements to Rel-16 RIM
Conclusion
No further discussion for potential enhancement to Rel-16 RIM for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.

8. Sensing based mechanism
Conclusion
No further discussion for sensing based mechanism for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.



	UE-to-UE CLI

1. Potential enhancements to UE-to-UE CLI measurement/reporting
Agreement
For UE-to-UE co-channel CLI measurement, consider as baseline reusing existing channel(s)/signal(s)/measurement_resource(s)
· For example, SRS resources defined in Rel-16 for SRS-RSRP measurement, CLI-RSSI resources defined in Rel-16 for CLI-RSSI measurement
· FFS potential enhancements

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

4. Advanced Receiver
Conclusion 
Under AI 9.3.3, no further discussion on UE side advanced receiver for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD 

7. Sensing based mechanism
Conclusion
No further discussion for sensing based mechanism (i.e. LBT) for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD




Following agreements were made in RAN1#111 meeting [5].
	gNB-to-gNB CLI
1. gNB-to-gNB CLI measurement
Agreement
For gNB-to-gNB co-channel CLI measurement and/or channel measurement, at least periodic NZP CSI-RS/SSB is the baseline in RAN1 study.
· FFS: Whether SSB is CD-SSB or NCD-SSB
In the study RAN1 assumes that exchange of configuration for NZP CSI-RS /SSB can be an enabler for gNB-to-gNB CLI measurement and/or channel measurement. 

Agreement
For gNB-to-gNB co-channel CLI handling, beam level (i.e., based on measurement result per SSB resource and/or per CSI-RS resource) CLI measurement can be considered for study.

3. Spatial domain enhancements
Agreement
For spatial domain coordination, the exchange of beam related information among gNB(s) (e.g., victim gNB(s) and aggressor gNB(s)) can be an enabler for inter-gNB co-channel CLI management.
· For example 1 (from aggressor gNB to victim gNB), DL beam indication from aggressor gNB(s)
· For example 2 (from victim gNB to aggressor gNB), preferred/restricted DL beam and associated resource configuration, beam based inter-gNB co-channel CLI measurement result from victim gNB
· FFS: how to define DL beam indication
· FFS: how to define DL beam
Note: The above examples are only provided as starting point for further discussions


	UE-to-UE CLI
1. Potential enhancements to UE-to-UE CLI measurement/reporting
Agreement
For the purpose of UE-to-UE CLI mitigation, consider the following potential enhancements:
· For L1/L2 UE-to-UE CLI reporting, periodic, semi-persistent, aperiodic or event triggered reporting.
· For L1/L2 UE-to-UE CLI measurement, periodic, semi-persistent, or aperiodic measurement resource.
Companies are encouraged to bring additional details and evaluation results to determine the benefit of the above potential enhancements.

6. Power control based solution
Agreement
For UE-to-UE co-channel CLI handling, study whether/how to enhance UL power control mechanism.
· Existing UL power control mechanism is baseline
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