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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).




Discussion
In this contribution, we discuss on potential enhancements on dynamic/flexible TDD.

Pre-assumption for discussion
Backhaul
In Rel-16 CLI handling WI, information exchange between gNBs via Xn interface is assumed for the UE-to-UE CLI handling in dynamic TDD environment. Each of UEs in the cell measures the CLI and report to gNB, then the gNB exploits those information for the scheduling. Hence, since the information exchange is assumed via Xn interface, there was argument whether the information exchange is applied or not when the SRS configuration that each of UEs transmit in the cell is updated.
For the discussion regarding on potential enhancement on dynamic/flexible TDD in Rel-18 DE SI, it needs to be determined whether similar assumption in Rel-16 dynamic TDD, which is information exchange via Xn interface, is based on or ideal backhaul and/or centralized scheduling are based on. Furthermore, whether non-ideal or ideal backhaul is assumed between the gNBs with SBFD operation should be determined.
However, the same assumption will lead same outcome which is inevitably ends up with repeat of previous discussion. In that sense, in Rel-18 dynamic/flexible TDD and Rel-18 SBFD, this assumption can be relieved. That is, discussion can be based on the ideal backhaul and/or centralized coordination. It is not an impossible assumption since it is the basic principle in discussion regarding multi-TRP operation. Same principle should be applied for the discussion in AI 9.3.3.

Proposal 1: For discussion in Rel-18 dynamic/flexible TDD and SBFD operation, ideal backhaul and/or centralized coordination can be assumed.

Interference Scenarios
With that, distinction of CLI handling technique which is SBFD-specific and the CLI handling techniques to be discussed in AI 9.3.3., i.e., can be applied for both of dynamic/flexible TDD and SBFD or dedicated for the dynamic/flexible TDD. One of possible approach is distinguish CLI handling technique according to the interference scenario. Following interference scenarios are agreed not to be dealt with.
· 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
Besides the self-interference, criteria to distinguish whether it is SBFD-specific or not is appropriate to be whether the frequency resource of aggressor and victim is between intra-subband or inter-subband. By definition of the intra-subband, it is the scenario that victim and the aggressor is within the same subband, therefore the victim UE can measure the interference from the aggressor in the BWP of victim UE via RSRP measurement based on a certain sequence or directly via RSSI in a certain time/frequency resources. On the other hand, considering the inter-subband interference scenario, that is the frequency resource of victim and the aggressor UE is allocated in different subbands, the interference from aggressor is impossible to be measured by conventional CLI framework, i.e., interference measurement within the active BWP. In such case, the interference from the victim UE’s perspective is the emission between subbands. Based on the conventional CLI measurement within active BWP, the interference only can be inferred by the victim UE with measurement of RSSI which is apart from the aggressor’s subband. At least RSRP measurement based on the sequence cannot be applied for such case.
In conclusion, direct CLI measurement of inter-subband is impossible considering conventional CLI framework, therefore CLI handling techniques dedicated for interference avoidance of potential emission from other subband or enabling inter-subband CLI measurement will be the SBFD-specific CLI handling techniques. With that, it is our understanding that CLI handling techniques applied for the above interference scenarios are the SBFD-specific CLI handling techniques. For the other cases rather than those, it should be open to discuss.

Observation 1: For the intra-subband interference scenario, CLI measurement via RSRP and RSSI with conventional CLI framework. On the other hand, indirect CLI measurement via RSSI is only possible for the inter-subband interference scenario.

CLI handling technique to be discussed
In previous RAN1 #109-e meeting, potential CLI handling mechanisms are listed for gNB-to-gNB CLI case and UE-to-UE CLI case separately and agreed for the prioritization/down-scoping among those. Furthermore in AI 9.3.3, only for CLI handling mechanisms dedicated for dynamic/flexible TDD or commonly applied for SBFD and dynamic/flexible TDD are agreed to be discussed, and the outcome of previous or before releases are not to be repeated. In that sense, CLI handling techniques captured in Rel-14 should be carefully confirmed. Following list is shortened version for those techniques captured in [2]. The corresponding CLI handling mechanisms should be deprioritized for discussion even it is listed in the agreement of previous meeting and reuse the outcome of former study. The techniques not corresponded in [2] should be prioritized for discussion.
· Advanced receiver
· eMMSE-IRC
· Interference cancellation
· Packet exchange for interference cancellation
· MMSE-IRC
· IS/IC receiver
· Reduced complexity maximum likelihood (RML) receiver
· Hybrid dynamic/static UL/DL resource assignment
· Distributed hybrid dynamic/static UL/DL resource assignment (For Macro deployment, intra-site coordination is a considered)
· Switching/adaptation between semi-static and dynamic operations
· Scheduling coordination
· Beam coordination
· Link adaptation
· Power control
· Sensing
· Cell/TRP clustering
· OTA signaling
· Co-channel multiple connectivity
· Dynamic TDD type definition
· Load/link-based resource/scheduling adaptation

Proposal 2: At least the outcome of TR 38.802 should be reused, and discussion regarding corresponding techniques should be deprioritized.

Continuing the discussion, classification of gNB-to-gNB CLI handling techniques listed in previous meeting is necessary to prevent repeat and avoid unnecessary discussion. The list of gNB-to-gNB CLI handling techniques is shown in Table 1. To be specific, the detailed description of the techniques from companies in previous meeting are categorized and if there is corresponding technique captured in [2], the keyword is shown. And the last column of the table indicates whether those technique can be applied for intra-subband interference handling or not.

Table 1. gNB-to-gNB CLI handling techniques with the corresponding keyword in TR 38.802 and whether can be applied for intra-subband scenario
	
	Detailed description provided in RAN1 #109-e
	Keyword captured in TR 38.802
	Intra-subband interference handling

	gNB-to-gNB CLI measurement
	The existing DL RS (e.g., SSB, CSI-RS) can be reused as measurement RS for gNB-to-gNB CLI
	Signal detection with existing RS (e.g., DMRS, CSI-RS, SRS)
	o

	
	UL rate matching/cancellation mechanism for more accurate gNB-to-gNB measurement
	-
	o

	
	New DL reference signal design to support intra-operator gNB-to-gNB CLI measurement
	-
	o

	
	Measure the effective channel between aggressor gNB and victim gNB
	-
	o

	
	Dedicated resources for inter-gNB CLI measurement
	-
	o

	
	The measurement metric should be defined, such as CLI sensitivity level
	-
	o

	
	Resource configuration and RS sequence properties for IM resources to optimally handle TRP-TRP interference measurement
	Inter-TRP signalling to enable scheduling of victim or aggressor to protected resources
	o

	Coordinated scheduling
	Separated DL/UL frequency resource allocation
	-
	-

	Spatial domain enhancement
	Feasibility and performance of Tx beamforming based on gNB-to-gNB interference channel estimation
	RS for long-term CLI measurement
	o

	
	desired/prohibited beam indication using Xn-AP to support intra-operator gNB-to-gNB CLI mitigation
	Signaling for Intended UL/DL transmission direction configuration (X2/OTA)
	o

	
	advanced beamforming algorithm to suppress the gNB-to-gNB CLI
	Support for dynamic selection of RS transmission direction
	o

	
	Analog beamforming
	-
	o

	
	inter-gNB beam pairs
	-
	o

	Advanced Receiver
	Advanced IRC receivers and muting resource for interference covariance matrix estimation
	eMMSE-IRC
	o

	
	Enhanced gNB receiver should be considered as a possible solution for CLI mitigation
	Packet exchange for interference cancellation)
	o

	
	Advanced receiver-based interference mitigation scheme
	Reduced complexity maximum likelihood (RML) receiver
	o

	UE and gNB transmission and reception timing
	Timing misalignment between the received UL transmission of target UE and CLI interference from aggressor gNB
	Timing alignment on cross-link.
DL/UL subcarrier alignment
	o

	Power control based solution
	Boosting the UE Tx power in slot that are subject to high CLI
	Interference-aware power control(Different power control parameters are considered according to the interference condition)
	o

	
	Reducing the Tx power of the aggressor cell to reduce the CLI impact on the victim cell
	Interference-aware power control(Different power control parameters are considered according to the interference condition)
	o

	Potential enhancements to Rel-16 RIM
	Rel-16 RIM Framework-1 as baseline for gNB-to-gNB interference management
	-
	o

	
	R16 RIM-RS type 1 or 2 are not suitable for purpose of intra-operator gNB-to-gNB CLI measurement
	-
	o

	Sensing based mechanism
	Sensing based scheme to avoid CLI
	LBT-based CLI avoidance as an option
	o

	
	Network listening based interference measurement
	LBT-based CLI avoidance as an option
	o



In summary, considerable gNB-to-gNB CLI handling technique for discussion which is not captured in studies before and appropriate for the intra-subband interference scenarios are as follows; gNB-to-gNB CLI measurement, spatial domain enhancement, potential enhancement to Rel-16 RIM. In case of coordinated scheduling, i.e., separate downlink/uplink frequency resource allocation, is for the avoidance of CLI environment in our perspective of view. It is appropriate for especially for the inter-subband interference scenario since assuming same subband of victim UE and the aggressor UE, the interference cannot be avoided or reduced. Except that, other techniques can be applied for the intra-subband interference scenario. Therefore, discussion regarding on coordinated scheduling, advanced receiver, UE and gNB transmission and reception timing, power control based solution and sensing based mechanism should be deprioritized for discussion to prevent repeat.

Proposal 3: For the gNB-to-gNB CLI handling technique, followings should be deprioritized:
· Coordinated scheduling
· Advanced receiver
· UE and gNB transmission and reception timing
· Power control based solution
· Sensing based mechanism

Similar to the gNB-to-gNB CLI handling techniques, classification of UE-to-UE CLI handling techniques listed in previous meeting is necessary to prevent repeat and avoid unnecessary discussion. The list of those techniques is shown in Table 2. To be specific, the detailed description of the techniques from companies in previous meeting are categorized and if there is corresponding technique captured in [2], the keyword is shown. And the last column of the table indicates whether those technique can be applied for intra-subband interference handling or not.

Table 2. UE-to-UE CLI handling techniques with the corresponding keyword in TR 38.802 and whether can be applied for intra-subband scenario
	
	Detailed description provided in RAN1 #109-e
	Keyword captured in TR 38.802
	Intra-subband interference handling

	Potential enhancement to UE-to-UE CLI measurement/reporting
	L1/L2 based UE-to-UE CLI measurement and report
	-
	o

	
	Aperiodic UE-to-UE CLI measurement
	-
	o

	
	Dynamic UE CLI measurement
	-
	o

	
	Different numerologies on CLI measurement
	-
	o

	Coordinated scheduling
	Similar to gNB-to-gNB CLI handling
	-
	-

	Spatial domain enhancement
	Spatial domain information exchange
	-
	o

	
	Joint beam management between gNB, victim UE, and aggressor UE
	Information on i) Rx beam index for TRP-to-TRP CLIM and ii) Tx beam index for UE-to-UE CLIM from serving gNB to interfering gNB.
	o

	Advanced Receiver
	IRC receiver
	eMMSE-IRC
	o

	UE and gNB transmission and reception timing
	Timing misalignment between the received UL transmission of target UE and CLI interference from aggressor gNB
	Timing alignment on cross-link.
DL/UL subcarrier alignment
	o

	Power control based solution
	UE UL power control and gNB DL power adjustment
	resource-specific power control configuration
	o

	Sensing based mechanism
	-
	LBT-based CLI avoidance as an option
	o



Same logic with gNB-to-gNB CLI handling technique case is applied. Considerable UE-to-UE CLI handling technique for discussion which is not captured in studies before and appropriate for the intra-subband interference scenarios are as follows; potential enhancement to UE-to-UE CLI measurement/reporting and spatial domain enhancement. Similarly, the coordinated scheduling is for the avoidance of CLI environment especially for the inter-subband interference scenario. Except that, other techniques can be applied for the intra-subband interference scenario. Therefore, discussion regarding on coordinated scheduling, advanced receiver, UE and gNB transmission and reception timing, power control based solution and sensing based mechanism should be deprioritized for discussion to prevent repeat.

Proposal 4: For the UE-to-UE CLI handling technique, followings should be deprioritized:
· Coordinated scheduling
· Advanced Receiver
· UE and gNB transmission and reception timing
· Power control based solution
· Sensing based mechanism

UE to UE L1/L2 signaling based CLI measurement and report
Among the all of the CLI handling techniques in previous section, the most considerable techniques are the gNB-to-gNB CLI measurement and the UE-to-UE CLI measurement. The difference between them is that for UE-to-UE CLI measurement, conventional framework is defined, however in case of gNB-to-gNB CLI measurement, there is no conventional framework to be referred. Moreover mandating the measurement of interference to gNB is hard to be achieved, which makes the enhancing the UE-to-UE CLI measurement and report to be the most feasible approach.
Before beginning the discussion, understanding of conventional UE-to-UE CLI framework is necessary. The signaling of it is based on the L3 measurement/report. It is because the instantaneous information exchange between inter-operator is hard to be assumed, however, considering the ideal backhaul and centralized coordination, enhancing the CLI measurement and report based on L1/L2 signaling can be considered.
The conventional CLI measurement can be triggered by two way: when the RSSI exceeds configured threshold, i.e., event-triggered CLI measurement and when the periodicity is arrived. The configurable periodicity is between 120 ms and 30 min. For the measurement, the metric of it is different depending on the resource type. The metric is RSSI when the measurement resource is CLI-RSSI resource and it is RSRP when the measurement resource is SRS. Considering the dynamic/flexible TDD operation and SBFD operation, i.e., resource of the cells can be changed dynamically, it is certain that the lack of dynamics of CLI measurement, furthermore based on the assumption of ideal backhaul or centralized coordination, it can be expected that the measurement results can be reflected to the scheduler.
With that, considering the L1/L2 signaling based UE-to-UE CLI measurement and report, followings can be considered for the potential enhancement. First, triggering method for measurement can be considered. For periodic measurement, it can be easily extended for the L1/L2 signaling, for example aperiodic or semi-static measurement. However, for event triggered measurement, it needs to be carefully considered. The reporting mechanism can be associated with the triggering method. Besides the association of triggering and reporting, which uplink channel is used to report CLI measurement, i.e., which uplink channel is to contain L1/L2 signaling based enhanced CLI measurements, should be considered. Secondly, for the measurement resource perspective, one of possible approach is enabling aperiodic or semi-persistent resources to be used, i.e., conventional restriction on CLI measurement resources can be relieved. Last but not least, measurement metric can be reconsidered. For example, SINR, RSRP, RSSI and RSRQ which is used in beam management can be considered.

Proposal 5: L1/L2 signaling based UE-to-UE CLI measurement/reporting should be discussed.

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

Proposal 1: For discussion in Rel-18 dynamic/flexible TDD and SBFD operation, ideal backhaul and/or centralized coordination can be assumed.
Observation 1: For the intra-subband interference scenario, CLI measurement via RSRP and RSSI with conventional CLI framework. On the other hand, indirect CLI measurement via RSSI is only possible for the inter-subband interference scenario.

Proposal 2: At least the outcome of TR 38.802 should be reused, and discussion regarding corresponding techniques should be deprioritized.
Proposal 3: For the gNB-to-gNB CLI handling technique, followings should be deprioritized:
· Coordinated scheduling
· Advanced receiver
· UE and gNB transmission and reception timing
· Power control based solution
· Sensing based mechanism
Proposal 4: For the UE-to-UE CLI handling technique, followings should be deprioritized:
· Coordinated scheduling
· Advanced Receiver
· UE and gNB transmission and reception timing
· Power control based solution
· Sensing based mechanism

Proposal 5: L1/L2 signaling based UE-to-UE CLI measurement/reporting should be discussed.
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Annex
Following agreements were made in RAN1#109-e meeting [3].

	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
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