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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
In this section, our view regarding gNB-to-gNB CLI enhancement in terms of measurement, advanced receiver, coordinated scheduling, spatial domain enhancement and power control based solution is provided. Before starting discussion on detailed schemes and configurations for gNB-to-gNB CLI handling, the consideration of the actual gNB-to-gNB CLI scenarios should be preceded. To this end, it is necessary to discuss the pre-processing aspect and the post-processing aspect under the assumption of full coordination between gNBs.

Pre-processing for gNB-to-gNB CLI
The pre-processing for inter-gNB CLI refers to the operation of aggressor gNB before inter-gNB CLI occurs, that is, the aggressor gNB performs an certain operation for CLI avoidance so that its transmission does not occur in the network to the inter-gNB CLI, or it is related to the operation of aggressor gNB to reduce the occurrence of inter-gNB CLI. It is discussed by each of domains, i.e., time/frequency, spatial and signal domain.
The pre-processing in the time/frequency domain, that is, the method to prevent inter-gNB CLI from occurring, is that when one gNB uses time/frequency resources, the other does not, but this is not something that can be done with pre-processing unless traffic is perfectly predictable. Besides that, another way is to align the link direction between gNBs so that inter-gNB CLI does not occur. That is the definition of static TDD, the link direction for the entire network are perfectly aligned among the network so that there is no inter-gNB CLI. Because dynamic/flexible TDD and SBFD to make this flexible, it is not a suitable consideration as CLI enhancement in dynamic/flexible TDD and SBFD. The direction that can be considered for this is fallback to static TDD. However, this does not match the purpose of study and works properly only when the link direction of network is synchronized.
As pre-processing that can be considered in the spatial domain, CLI between inter-gNBs can be avoided by using a pre-set beams between gNBs, such as a method of setting different physical beam directions between gNBs or making them nulling each other through cooperation of precoders, and this is the spatial domain enhancement the group agreed to study further. However, it is necessary to consider about the level of inter-gNB CLI avoidance to be used. In other words, whether to completely eliminate the inter-gNB CLI or to reduce certain amount of the inter-gNB CLI should be considered. It is commonality that perfect inter-gNB CLI avoidance is undesirable in terms of potential limitation on scheduling flexibility and more importantly it is not realistic. Therefore, it is better to consider it in the direction of reducing inter-gNB CLI. Considerable examples of such methods are to enable gNBs to use the inter-gNB CLI avoidance technique only on resources that are expected to potentially cause inter-gNB CLI, or to provide configurations for CLI reduction and whether to use the configuration is remained for gNB implementation. Since the scheduling of gNB is up to gNB itself, so it is better to leave the application of potentially inter-gNB CLI mitigation technique to the gNB, and discuss the CLI avoid technique using the spatial domain in the resource where inter-gNB CLI is expected to occur.
As for pre-processing in the signal domain, from the point of view of the aggressor, there is no other purpose but processing to make post-processing for interference cancellation/suppression performed at the receiver, i.e., victim gNB convenient. For example, to reduce power, or to transmit a specific signal to facilitate interference rejection or cancellation at the receiving end of victim gNB. After all, that is the operation of the aggressor gNB for gNB-to-gNB channel measurement, and therefore, only enhancement of inter-gNB CLI measurement can be considered in the signal domain.

Post-processing for gNB-to-gNB CLI
For post-processing, after recognizing that inter-gNB CLI has occurred in the network, the aggressor gNB may change its transmission property for CLI avoidance, and/or the victim gNB may consider performing it in the reception stage for CLI suppression. Similarly, it is discussed at each domain in perspectives of the aggressor gNB and the victim gNB. However, considering the difference between pre-processing and post-processing from the aggressor gNB’s point of view, the only difference is whether the information of the occurrence of inter-gNB CLI can be used or not, i.e., whether the aggressor aware of the occurred inter-gNB CLI or not. The possible way to let aggressor gNB know the inter-gNB CLI situation, i.e., whether the gNB is aggressor or not, can be informed by network, which will eventually information by the victim gNB based on the measurement results. Then, there is no difference from pre-processing discussed above. Another considerable method is, as in RIM framework, the aggressor gNB can measure and determine whether it is aggressor or not by victim gNB transmitting certain signal using channel reciprocity. What can be considered from the aggressor's point of view is no different from that discussed in pre-processing above. Therefore, from the point of view of the victim gNB, it is discussed according to the domain.
The post-processing in the time/frequency domain can be considered is to adjust the link direction between gNBs since the different link direction fundamentally cause inter-gNB CLI in order to suppress the inter-gNB CLI when it occurs. That is, it will be a fallback to static TDD discussed in pre-processing. Otherwise, it can be discussed only about coordinated scheduling that uses different time/frequency resources between gNBs. The only difference between coordinated scheduling in pre-processing and it in post-processing is before and after CLI occurs.
As post-processing that can be considered in the spatial domain, similar to the pre-processing, direction change of transmission and reception beam or nulling it can be considered. It should be noted that the gNB's reception beam has never been defined. From the UE's point of view, it could be indirectly expressed as a spatial relation, but the beam of gNB was not defined even indirectly. So it seems a bit strange to consider spatial domain enhancement from the victim's point of view.
As a method that can be considered in the signal domain, there is a method to distinguish the desired signal from interference from the victim gNB's point of view. This would be eventually an advanced receiver, and it would be undesirable to define a specific receiver scheme at the receiver of the gNB, but it is possible to consider providing the necessary information for such a receiver to operate. Alternatively, there may be a method of distinguishing the desired signal and interference by power difference. In this case, the desired signal is a signal that the victim gNB receives from the UE it serves, so it can be considered readily operated.

gNB-to-gNB CLI measurement
According to the discussion above, there can be two types of inter-gNB CLI measurement between gNBs. The first one is for gNB-to-gNB CLI measurement is to determine the existence of CLI, which is necessary for later coordinated scheduling or to determine the time/frequency resource in which the advanced receiver should operate. That is, inter-gNB CLI measurement to determine whether to perform CLI suppression technique or not is needed. For inter-gNB CLI measurement of this nature, it is desirable that the determination on the existence of CLI due to measurement is valid. That is, the time/frequency resource determined to have inter-gNB CLI through gNB-to-gNB CLI measurement should be continuously or periodically present to satisfy its purpose. To do so, it would be appropriate for the victim gNB to measure on the resources where aggressor is expected to perform periodic or continuous transmission for the signal/channel. Since using an existing reference signal is agreed to be the baseline, measurement for this purpose can be performed for SSB and NZP-CSI-RS. In particular, one can say that SSB is most suitable because it has characteristics of cell-specific/ periodic/ maintains long time period, which is perfectly aligned to the purpose.
On the other hand, there can be inter-gNB CLI measurement for the purpose of accurate measurement of the CLI signal and/or channel, that is, for the victim gNB to perform interference suppression. In such a case, in order to accurately measure the interference channel, it can be considered that only the interference channel to be without desired signal. To do this, the victim gNB needs to empty a specific resource for UEs served from itself, and this will be UL resource muting that is commonly discussed. At this time, if the long term property of the inter-gNB channel is required, UL resource muting should be estimated periodically or estimated for a certain amount of necessary time duration. Therefore, the victim gNB should configure such that the UE does not transmit periodically or for a specific time period, different from an operation such as UL CI, in which cancellation depends on the capability or timeline for some signals/channels of the UE is changed. On the other hand, if short term property information of inter-gNB is needed, it can be easily configured in terms of UL resource muting, but the effective time for the information will be short and it is questionable whether it will be used effectively.

Proposal 1. Consider the gNB-to-gNB CLI measurement separately for a measurement to determine whether inter-gNB CLI suppression is applied or not and for a measurement enables gNB CLI suppression technique.

Advanced receiver
As previously discussed, the application of the advanced receiver is post-processing of the victim gNB to suppress the inter-gNB CLI. Although implementation of a specific advanced receiver of gNB cannot be assumed, it should be discussed what level of inter-gNB interference channel measurement is required to guarantee the performance of such an advanced receiver. For this purpose, it is necessary to discuss advanced receivers.
There are two main types of advanced receivers that can be considered. There is a successive interference cancellation type that cancels out interference by estimation of the interference signal itself, or there is an interference rejection combining type that reduces the influence of interference by estimating the channel where the interference is coming from. As one of the simplest method for successive interference cancellation to work well, there is a method of informing the interference signal itself, and transmitting a signal without a channel as it is can be done with network signaling, which is out of our interest. Or some other technique that guarantees the difference in the power level of the desired signal and the interference signal can be considered. Since the desired signal is from UEs that is served by the victim UE, the victim gNB can configure it right away, so it will be easier to adjust the power of the desired signal. Accurate measurement of interference channel is important to guaranteeing performance for both of SIC and IRC type receiver, and it is our understanding that it is one of the reason why to study gNB-to-gNB CLI measurement is agreed.

Proposal 2. For the performance of advanced receiver for gNB-to-gNB CLI, accurate inter-gNB interference channel measurement should be discussed.

Coordinated scheduling
In the previous RAN1#110bis-e meeting, it was agreed to study further regarding coordinated scheduling. According to the discussion above, in terms of CLI avoidance/suppression with coordinated scheduling, it can be considered to empty certain time/frequency resources, and this should be based on the CLI measurement of inter-gNB. Keeping that in mind, details of coordinated scheduling is discussed in terms of downlink and uplink separately.

DL resource blanking including time/frequency resource at aggressor gNB
In the case where potential aggressor gNB performs CLI avoidance by DL blanking on resources where CLI will potentially occur, it can be seen as the aspect of pre-processing discussed above. In such a case, if the gNB knows the resource that the potential inter-gNB CLI can be generated, whether those resources are emptied or not depends on the scheduling. On the other hand, when DL resource blanking is performed according to the inter-gNB CLI measurement result, that is, when a signal/channel scheduled for a specific time/frequency resource causes interference in the cell, resource blanking corresponding to the signal/channel can be performed. However, available signals/channels for blanking are very limited. At least cell-specific signal/channels are remained to be for UE operation and only part of UE-specific signal/channels can be blanked by scheduling.

UL resource restriction including time/frequency resources among gNBs
It is not natural for the victim gNB to perform avoidance by restricting own UL resource where the inter-gNB CLI will potentially occur. Therefore, if the inter-gNB CLI is present, the victim gNB may consider restricting the corresponding UL resources. For this, the subject that configures the UL resource restriction is the victim gNB, and the subject that the reception of the desired signal is degraded due to the inter-gNB CLI is also the victim gNB. Therefore, coordination between gNBs is not required, and there is no need to be based on inter-gNB CLI measurement. In addition, for UL resource restriction, there is uplink cancellation indication (UL CI) introduced in URLLC, which configures to restrict transmission of PUSCH overlapped with the indicated time/frequency resource. Therefore, regarding UL resource restriction, whether to extend to other UL signals/channels based on UL CI can be a good starting point for coordinated scheduling. Also, in our understanding, since UL resource muting is a configuration from the victim gNB's perspective for accurate CLI measurement, it should be differentiated from coordinated scheduling.

Proposal 3. For coordinated scheduling of gNB-to-gNB CLI, DL resource blanking on time/frequency resource based on inter-gNB CLI measurement and UL resource restriction on time/frequency resource not based on inter-gNB CLI measurement can be considered.

Spatial domain enhancements
During the last RAN1#110bis-e meeting, many companies proposed on potential spatial domain enhancements for gNB-to-gNB CLI. For example, recommended/limited beams similar to Rel-17 eIAB and beam pairing/nulling accounting for digital/analog precoding. In our understanding, forcing any specific recommended/restricted beam or paired beam/nulled beam to gNB may impair scheduling flexibility, so it should be carefully studied. Therefore, such inter-gNB beam information should be informative rather than indicated. In addition, in order to derive such a coordinated beam between gNBs, the exchange of beam information between gNBs should be preceded. Therefore, beam information exchange on which beam the gNBs use should be considered first and it can be as a starting point for discussion of spatial domain enhancement. The existing scheme for exchanging similar configuration information between gNBs is an intended TDD UL DL configuration. Therefore, it is assumed that beam information is exchanged between gNBs based on the Intended TDD UL DL configuration. That is, it would be appropriate to exchange beam information by adding beam information to the intended TDD UL DL configuration.

Proposal 4. At least the beam information of gNBs should be shared to consider spatial domain enhancement.

Power control based solution
In terms of power control for inter-gNB CLI avoidance/reduction in aggressor gNB point of view, the only possible power adjustment is power reduction on downlink. However, if this operation is not forced on the aggressor gNB, the gNB can be configured on the serving UE in the conventional way. For example, the gNB may set the power offset relative to the reference signal via RRC to the UE through powerControlOffset IE or powerControlOffsetSS IE. On the other hand, it can be configured for IAB-MT via MAC-CE through the provided DL Tx power adjustment introduced in Rel-17 eIAB. This only updates the existing RRC parameter via MAC-CE, so it is only a difference in speed however the function is the same. Therefore, the functionality of power adjustment for CLI mitigation seems to be sufficient with the existing mechanism. If considered, similar enhancement in Rel-17 eIAB can be the only option.
On the other hand, in terms of inter-gNB CLI avoidance/reduction in victim gNB point of view, the only UL Tx power adjustment is power boosting, which is readily supported by UE-specific indication through the open loop power control parameter, and by group of UE common indication via TPC command of DCI format 2_2 on PUSCH and PUCCH. Therefore, the conventional mechanism is sufficient for the power control based solution.

Proposal 5. For the enhancement of power control based solution for inter-gNB CLI handling,
· For DL power control, similar enhancement in Rel-17 eIAB can be the only option if considered.
· For UL Tx power adjustment, the conventional mechanism is sufficient.

UE-to-UE CLI
In this section, our view regarding UE-to-UE CLI enhancement in terms of measurement/report, spatial domain enhancement, UE and gNB transmission and reception timing, and power control based solution is provided.

Potential enhancements to UE-to-UE CLI measurement/reporting
In the previous meeting, L1/L2 based CLI measurement and report is agreed to be studied for the potential enhancements to UE-to-UE CLI measurement/reporting. Therefore, the scenarios of concern where L1/L2 based CLI measurement and report is expected to be used should be discussed. Before that, the characteristics of L1/L2 based CLI should be identified. First of all, the L1/L2 based CLI features a shorter time from configuration to report compared to the existing L3 measurement. Therefore, gNB can quickly identify whether interference between UEs is present and reflect CLI avoidance/suppression technique in future scheduling. In this understanding, the CLI scenario between inter-cell UEs and the CLI scenario between intra-cell UEs are discussed further. It should be noted that the purpose of UE-to-UE CLI measurement/reporting including L1/L2 based report is to identify the aggressor and/or victim UEs only since the UE’s behavior should be indicated by gNB.

Intra-cell UE CLI scenario
Among intra-cell UEs, pairs of {aggressor, victim} UEs exist within a cell. If the gNB identifies this pair of UEs from the CLI measurement of the UE, the inter-UE CLI can be reduced by scheduling or further identified solution.
For this, it is necessary to know the reference signal information transmitted by the aggressor UE, and it should be based on RSRP rather than RSSI. This implies that the measurement be based on the sequence used by the candidate aggressor UE for transmission from the point of view of the measuring UE. This can be done in two ways; The first one is to configure a specific sequence to the UE by the gNB to perform measurement and report based on it, and the other one is to configure a multiple of sequences to the UE and report the sequence having the highest RSRP in the configured measurement resource. In the second case, a processing time may be required, and if the processing time is comparably long, CLI information reported by the UE may be outdated and thus may not be effective in actual inter-UE CLI reduction. Considering that if the aggressor UE is transmitting SRS in aperiodic manner, it is not realistic or even can limit the scheduling of gNB for the victim UE to identify the aggressor UE according to the correct timing through an aperiodic measurement. That is, it may only be possible for a victim UE to identify a potential aggressor UE through an aperiodic measurement for the SRS that the aggressor UE periodically transmits.
On the other hand, when RSSI is used as a metric of such measurement, the measuring UE cannot identify the aggressor UE because there is no reference signal information used by the candidate aggressor UE for transmission. However, it may require less processing time compared to RSRP based measurement since it reports the direct measurement of power in a specific resource. The bright side is, since the gNB is well aware of schedule status of the UEs in the cell, the gNB have change to identify the aggressor UE depending on whether the resource for measuring the CLI is scheduled.

Inter-cell UE CLI scenario
Different from the intra-cell UE interference scenario, the UE pair of {aggressor, victim} does not exist within the cell, and the UE of the cell is either an aggressor or a victim UE. Therefore each cases are discussed separately.
In case the UE in the cell is aggressor UE, the aggressor UE cannot be identified by itself different from the inter-gNB CLI case. Considering the inter-gNB case that when the victim gNB transmits in the direction of receiving interference, it may be assumed that the aggressor can also receive interference by the signal from the victim gNB since the gNB is static unlike the UE, channel reciprocity can be assumed for the inter-gNB CLI channel. Such an assumption does not valid to the inter-UE CLI channel since the UE is not static. Therefore, the only way to determine that the UE of the cell is an aggressor UE in gNB perspective is to be informed by neighboring gNB which can be determined by the CLI measurement of UE in the neighboring gNB. That is, there is no way for the gNB to be aware that the UE in the cell is an aggressor UE unless UE-to-UE CLI measurement report from the neighbor gNB that serves the victim UE is shared.
In case the UE in the cell is victim UE, it is possible to determine whether the UE is the victim UE as a result of the CLI measurement of that UE unlike the case where the UE in the cell is an aggressor. In particular, the gNB can confirm that it is the victim UE if the UE performs sequence-based RSRP measurement. If not, i.e., in case of RSSI measurement, it is hard for the gNB to confirm that the UE is going through the inter-UE CLI or channel degradation due to other factors, such as intra-cell interference received from the gNB or even a self-interference. However, in the case of intra-cell interference from the gNB, it is possible for the gNB to indirectly estimate through shared scheduling information, and in the case of inter-cell interference, there is room for discrimination through coordination between cells. In conclusion, it is possible for the gNB to determine whether the UE in the cell is a victim or not through a rapid measurement and report from the UE, i.e., L1/L2-based CLI measurement and report, however identification of the aggressor UE may be more difficult than in the case of intra-cell inter-UE CLI if the sequence is not configured.
Based on the discussion above, the following can be considered for L1/L2 based CLI measurement. For the measurement configuration for L1/L2 based CLI measurement, an aperiodic configuration is required in the time domain. For example, periodicity of CLI-RSSI resource can be disabled and enable it to be configured as aperiodic resource can be considered.
As the triggering method of L3-based CLI measurement, the measure was performed by timer expiration and event-trigger methods. Since the location of the time/frequency resource is indicated in the aperiodic resource, the SRS-RSRP and CLI-RSSI measured by the aperiodic time resource can be used instead of those methods in L3 measurement. It should be noted that when L1/L2 based CLI measurement is performed as an event-trigger, the payload size will vary depending on the event, which lead complication in the report procedure.
For the L1/L2 based CLI report, a method of defining a new type of UCI or including it in the existing UCI can be considered. One can say that practical reporting delay for L1/L2 CLI report should be considered. It should be noted that CSI may require a lot of computational delay due to the calculation of rank, precoder, etc. are considered, whereas CLI measurement is a simple measurement based on with/without sequence in a specified time/frequency resource. It is quite questionable whether the same reporting delay should be considered as CSI computational complexity. It also needs to be discussed.

Proposal 6. For L1/L2 based CLI measurement/report, detailed scenarios for inter-cell/intra-cell UE should be discussed.
· For intra-cell UE CLI scenario, RSRP- and RSSI-based L1/L2 CLI measurement can be beneficial for identifying aggressor and victim UE.
· For inter-cell UE CLI scenario, RSSP-based L1/L2 CLI measurement can be beneficial for identifying aggressor and victim UE.

Spatial domain enhancements
Spatial domain enhancement can be considered in terms of CLI avoidance and CLI suppression. Firstly for CLI avoidance, one can say to consider the configuration of the UE's transmit/receive beam on the purpose of avoidance. However, it is not realistic for the UE to request a change of a specific transmission/reception beam by predicting the occurrence of CLI. Since the UE will report the measurement result to the gNB, it would be appropriate to expect such a decision from the gNB's scheduling.
On the other hand, for CLI suppression, similar to the avoidance case, the UE can directly perform the measurement, but it is undesirable for the UE to determine the transmission/reception beam change according to the CLI measurement result, and making this determination by the UE may lead to misunderstanding of the beam between the UE and the gNB. Similar to the inter-gNB case, before discussing on detailed CLI suppression technique in the spatial domain, it is necessary for the gNB to understand the CLI situation of the UE in the spatial domain first, and therefore it is required to configure the beam for CLI measurement of UE. It should be noted that in FR1, it would not be appropriate to consider this enhancement in consideration of the antenna capability of UE, but it can be considered in FR2.

Proposal 7. For spatial domain enhancement of UE-to-UE CLI, beam indication for UE-to-UE CLI measurement can be the starting point of the discussion.

UE and gNB transmission and reception timing
For the inter-UE CLI enhancement for UE and gNB transmission and reception timing topics, the proposals discussed at the last meeting is as follows:

	Study whether/how to enhance SRS-RSRP measurement accuracy considering on reception timing of SRS from aggressor UE for SRS-RSRP measurement
· Note: if study of L1/L2 based CLI measurement is agreed, above is modified as following.
For UE-to-UE co-channel CLI handling, study whether/how to enhance CLI measurement accuracy considering reception timing at victim UE for CLI measurements



It is to consider timing enhancement for SRS-RSRP measurement accuracy, however it is our understanding that whether this can enhance measurement accuracy should be carefully considered first. Since the delay between multi-users will be different due to the variant positions of UE, one can say that it is almost impossible to indicate a precise UE-specific reception timing value for the aggressor UE to victim UE pair. However, it should be noted that the timing difference between aggressor UE and the victim UE is dominated by the time difference between UL and DL, and UE-specific TA value is negligible considering the small cell environment due to the radius of cell. 
Therefore, rather than this, in the case of a small cell with certain limited coverage area, it may be considered to indicate a representative reception timing to group of UEs or UEs within a cell for accurate CLI measurement accounting for the UL DL timing difference. However, it should be noted that it implies that the data reception timing of the UE and the timing for CLI measurement can be differed, which may affect the performance of the DL reception. To reduce such impact, certain time duration that UE is not required to receive or measure, similar to but different from measurement gap, may be introduced. That is, when the UE perform SRS-RSRP measurement according to the timing indicated for CLI measurement, the UE is allowed not to receive the symbol/slot of a certain duration before and/or after the measurement.

Proposal 8. For the enhancement regarding UE and gNB transmission and reception timing, it may be considered that representative measurement timing indication rather than a UE-specific reception timing indication for UE-to-UE CLI measurement.

Power control based solution
For transmission power control of PUSCH, there are proposals to consider UL power control according to the existence of inter-UE CLI, similar to the power control enhancement in URLLC. However, it is not only PUSCH that causes interference between UEs, but also PUCCH and SRS. Therefore, it is questionable whether the configuration of power control according to the interference level only to the PUSCH is effective for inter-UE CLI reduction. In addition, measurement enhancement for revealing the aggressor UE has not been discussed although such enhanced power control should be applied to the aggressor UE. Considering those, power control based solution should be deprioritized.

Proposal 9. Deprioritize power control based solution for UE-to-UE CLI handling.

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

gNB-to-gNB CLI
Proposal 1. Consider the gNB-to-gNB CLI measurement separately for a measurement to determine whether inter-gNB CLI suppression is applied or not and for a measurement enables gNB CLI suppression technique.

Proposal 2. For the performance of advanced receiver for gNB-to-gNB CLI, accurate inter-gNB interference channel measurement should be discussed.

Proposal 3. For coordinated scheduling of gNB-to-gNB CLI, DL resource blanking on time/frequency resource based on inter-gNB CLI measurement and UL resource restriction on time/frequency resource not based on inter-gNB CLI measurement can be considered.

Proposal 4. At least the beam information of gNBs should be shared to consider spatial domain enhancement.

Proposal 5. For the enhancement of power control based solution for inter-gNB CLI handling,
· For DL power control, similar enhancement in Rel-17 eIAB can be the only option if considered.
· For UL Tx power adjustment, the conventional mechanism is sufficient.

UE-to-UE CLI
Proposal 6. For L1/L2 based CLI measurement/report, detailed scenarios for inter-cell/intra-cell UE should be discussed.
· For intra-cell UE CLI scenario, RSRP- and RSSI-based L1/L2 CLI measurement can be beneficial for identifying aggressor and victim UE.
· For inter-cell UE CLI scenario, RSSP-based L1/L2 CLI measurement can be beneficial for identifying aggressor and victim UE.

Proposal 7. For spatial domain enhancement of UE-to-UE CLI, beam indication for UE-to-UE CLI measurement can be the starting point of the discussion.

Proposal 8. For the enhancement regarding UE and gNB transmission and reception timing, it may be considered that representative measurement timing indication rather than a UE-specific reception timing indication for UE-to-UE CLI measurement.

Proposal 9. Deprioritize power control based solution for UE-to-UE CLI handling.
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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
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