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RAN plenary #94e, the study item on evolution of NR duplex operation was approved [1]. The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum. 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).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 




In RAN1 #109e, the discussion on dynamic/flexible TDD schemes and solutions were kicked off and few agreements were made in [3] addressing different issues. In this contribution, we continue the discussion on the feasibility and potential enhancement for dynamic/flexible TDD.  
High level agreements made in RAN1 #109e for agenda 9.3.3 are listed below. Based on the guideline below, agenda 9.3.3 will handle 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 TDD.  In this contribution, we will discuss the potential solutions for inter-gNB and inter-UE CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic TDD. The potential solutions that are specific for SBFD will be discussed in agenda 9.3.2.
	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.
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




[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]Summary of Rel-16 study on dynamic TDD
In Rel-16, coexistence study for the dynamic TDD deployment across adjacent channels were conducted and outcome was captured in TR 38.828 [2]. The main focus of the study was the on co-existence of CLI among different operators in adjacent channels. The outcome of this study showed that there are deployment scenarios where performance is degraded and dynamic TDD is not suitable. While there are some deployment scenarios where little to no performance degradation was observed. The next is summary of the simulations results and recommendations for different scenarios.
Deployment Scenarios with performance degradation 
In FR1, performance degradation due to BS-to-BS interference is observed in macro-to-macro deployments. For indoor-to-indoor scenarios, some performance degradation is observed under high BS transmit power. For macro-to-indoor, performance degradation exists in some scenarios due to UE-to-UE interference. In FR2, BS-to-BS interference leads to some performance degradation in macro-to-macro deployments and some scenarios in indoor-to-indoor and micro-to-micro deployments. Note, in this study that interference from co-located aggressor BS leads to Rx blocking at victim BS in all scenarios and no simulation results were provided for this case.
Deployment Scenarios without performance degradation 
In FR1, no performance degradation is observed due to BS-to-BS interference for in indoor-to-macro and macro-to-indoor deployments. UE-to-UE interference has no impact on performance in macro-to-macro, indoor-to-macro, and indoor-to-indoor deployments. In FR2, no performance degradation is observed due to BS-to-BS interference in indoor-to-macro and macro-to-indoor deployments. UE-to-UE interference has no impact on performance in macro-to-macro, indoor-to-macro, indoor-to-indoor and micro-to-micro deployments.
Outcome and Recommendation
The following recommendations are made regarding feasibility of dynamic TDD in FR1. Dynamic TDD is not suitable for macro-to-macro deployments because of performance degradation caused by BS-to-BS interference. No performance degradation is expected when operating dynamic TDD between an indoor network and a macro network and vice versa assuming sufficient isolation. For indoor-to-indoor deployments, dynamic TDD is feasible if some conditions are met.
In FR2, for macro-to-macro deployments, dynamic TDD is feasible in certain deployments with coordination between operators to avoid performance degradation caused by BS-to-BS interference. Dynamic TDD is feasible in indoor-to-macro and macro-to-indoor deployments with sufficient isolation. For Indoor-to-Indoor deployments, dynamic TDD is feasible under careful layout planning and parameterization. Finally, dynamic TDD can also be used in certain micro-to-micro deployments with careful planning.
Observation 1: For FR1, deployments scenario with large Tx Power BS suffers from inter-gNB interference.
· In general, inter-UE CLI is not an issue except for macro-to-indoor deployment. 

Observation 2: For FR2, Dynamic TDD is possible under careful assumption of layout and power parameterization to avoid inter-gNB interference. 
Scope of the potential enhancement of dynamic TDD
The study item description [1] has a clear note that for potential enhancements on dynamic/flexible TDD, RAN1 should utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. Given Rel-16 dynamic TDD study on inter-operator adjacent channel coexistence, this work should not be repeated. The focus of Rel-18 SI on potential enhancement on dynamic TDD should be limited to co-channel intra-operator deployment. 
Observation 3: Rel-18 study on potential enhancement of dynamic TDD suggests utilizing the outcome of Rel-15 and Rel-16 studies outcome to avoid repetition of same discussion, e.g., inter-operator Dynamic TDD coexistence study. 
Proposal 1: The focus of Rel-18 study on potential enhancement for dynamic TDD should be limited to co-channel intra-operator deployment. 
Feasibility of Dynamic TDD 
Dynamic TDD using non-overlapping subbands across gNB 
To enable dynamic TDD deployment in FR1 macro cell deployment with flexile adaptation of slot format based on traffic, we considered subband half-duplex (SBHD) deployment. In asynchronous slots, where gNBs have different traffic direction, the frequency resources of this slot could be split into DL subband and UL subband as shown in Figure 4‑1. This subband split provides frequency isolation between aggressor and victim gNBs which helps in mitigating inter-gNB CLI.


[bookmark: _Ref101946782]Figure 4‑1: subband isolation to enable dynamic TDD

In the scenario where all slots are considered flexible subband as shown in Figure 4‑2, it provides flexibility to adapt to traffic demand and addresses new hybrid topologies where use cases dictate use of different slot structures. In addition, the ability to select direction based on traffic profile, and reducing blocking delay. Also, the availabity of fore UL TX opportunities for cell-edge UEs helps improving UL coverage. Finally, this deployment can be achieved by utilizing existing radio HW. This can prove subband operation as a viable approach to mitigate cross-link interference. The only drawback of using all slots as flexible subband is potential loss of frequency resources that may leads to some performance loss for heavily loaded system. However, SBHD could be enabled for asynchronous slots. 
[image: ]
[bookmark: _Ref101948606]Figure 4‑2: SBHD slots structure across cells

Observation 4: SBHD can enable dynamic TDD and mitigate the impact of inter-gNB CLI. 
Observation 5: SBHD-based dynamic TDD enables flexible adaption of slots direction based on traffic which leads to reduced latency and improved UL coverage. 

To study the feasibility of macro-to-macro dynamic TDD using subband half-duplex mode, the following link-budget consider a macro base station with 45 dBm Tx Power and BS array gain of 20 dBi which gives 68 dBm of EIRP. The thermal noise power assuming 7 dB noise figure and 100 MHz system BW is -87 dBm. 


	
	Out of subband blocker
	subband jammer

	EIRP 
	68 dBm

	Inter-gNB Path Loss (500 m)
	98 dB
	98 dB

	Subband Freq. isolation 
	0
	45 dB

	shadowing
	5 dB
	5 dB

	Tx/Rx beam nulling or beam isolation
	10~15 dB 
	10~15 dB

	Rx Power
	- 45 ~ 50 dBm
	-90 to -95 dBm



Assuming sufficient Tx and Rx beamform nulling of 10 dB or higher, the residual interference within the UL subband is lower than thermal noise floor and amount of IoT is negligible. 
Observation 6: Link budget analysis shows that SB-based dynamic TDD is feasible for macro-cell deployment. 
Proposal 2: Support subband half-duplex as solution to enable dynamic TDD at least for FR1

Qualcomm OTA SBHD Demonstration 
[image: ]

It was demonstrated a 5G NR test network supporting subband half-duplex which enables Dynamic TDD and allows for more flexible service multiplexing as well as improve latency and coverage. In this OTA network operates in the 3.5 GHz spectrum with 100 MHz bandwidth, supporting two gNB with advanced multi-user massive MIMO and 5G NextGen Core. Two commercial devices, device 1 is a cell edge UE driving UL heavy bursty traffic served by gNB1 and device 2 is driving downlink heavy burst traffic served by gNB2. The Baseline scenario is fixed TDD with DDDU slot format. While in the SBHD network, different cells have different slots structure which allow adaptation of traffic needs and reduce switch latency. gNB1 has D’U’D’U’ slot format to deliver more UL opportunity while gNB2 has D’D’D’U’ slot format to serve the DL heavy user slot formant where D’ and U’ are DL and UL slots with subband mode. In slot 1 and 3 and 4 gNB1 and gNB2 are either transmitting on downlink or receiving on uplink and there is no cross-link interference. In slot 2, gNBs have different direction and the DL-to-UL interference is mitigated through the subband operation. 
Compared to Device 1 uplink perceived throughput and latency is significantly improved due to increased UL duty cycle. Device 2 still gets 75% DL duty cycle from gNB2, and its downlink perceived throughput and latency are mostly not impacted.  
Observation 7: A prototype test network validated the feasibility of dynamic TDD in macro-cell deployment using subband half-duplex. 

Dynamic TDD using fully overlapping UL and DL
At least for FR2, fully overlapping UL and DL for dynamic TDD shall be considered as illustrated in Figure 4‑3. There could be aligned and misaligned slots across cells. For the misaligned dynamic TDD slots, there will be inter-cell inter-gNB and inter-UE CLI, which could be mitigated with beam isolation, proper beam-pair selection, lower Tx Power for FR2 deployment scenarios.
[image: ]
[bookmark: _Ref102122989]Figure 4‑3 Dynamic TDD with aligned and misaligned slots

Observation 8: In FR2, Dynamic TDD with misaligned slots format is possible where CLI could be mitigated with proper beam-pair selection and lower Tx power. 

Inter-UE Cross-link interference mitigation techniques 
An agreement related to inter-UE CLI was made in RAN1 #109e for agenda 9.3.3 which is listed below. Based on the agreement below, RAN1 agreed on a list of 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 this meeting. 
	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



In general, we support to study of potential enhancement to dynamic/flexible TDD and/or SBFD of candidates of potential enhancement method of UE-to-UE CLI handling: potential enhancements to UE-to-UE CLI measurement/reporting, coordinated scheduling, spatial domain enhancements, UE and gNB transmission and reception timing, power control-based solution, OTA or backhaul information exchange for some particular schemes. Benefits per candidate of potential enhancement will be addressed in following sections separately. 
In our view, we prefer no further study on advanced receiver, and it could be up to UE implementation and the performance gain is unclear without simulation results. We also prefer no further study on sensing-based mechanism. Its potential benefit is not clear to us, considering the sensing complexity, accuracy, and possible delay.
To summarize, we support most of the candidates in the list highlighted in the agreement above other than “Advanced receiver” and “Sensing based mechanism”.
Proposal 3: Support to study the candidate’s solution for inter-UE CLI other than “Advanced receiver” and “Sensing based mechanism”.

Potential enhancements to UE-to-UE CLI measurement/reporting
Rel-16 CLI framework is based on layer 3 reporting which inherently has limited flexibility. L3 reporting is carried out on PUSCH channel and is collected by gNB-CU first then communicated to the gNB-DU. This will introduce some latency on the CLI report availability to the gNB-DU. However, L1 or L2 based CLI reporting doesn’t suffer from such increased latency.  In addition, L3 reporting is based on periodic CLI measurement resources with L3 filtering. This is not suitable for enabling fast beam selection in response to interference variation as compared to L1 based beam selection. Furthermore, RRC reconfiguration is needed to update the configuration of the CLI measurement resource which is typically in order of tens of millisecond. 
Compared with Rel-16 CLI reporting which has limited flexibility and slow adaptability, L1/L2 report can be obtained by gNB-DU with much lower latency, and hence can better reflect current CLI. In addition, L1 report can be sent on-demand to facilitate fast CLI mitigation.

Proposal 4: Support L1/L2 based inter-UE CLI measurement/reporting to increase flexibility and reduce reporting latency compared to Rel-16 L3 based framework. 

In addition, L1-CLI report can reuse similar framework as CSI report. L1 report can better reflect current CLI, and request CLI for intended beam with low latency when needed, e.g., upon traffic arrival. Similar to CSI report, L1-CLI report can have periodic, semi-persistent, or aperiodic CLI resources and report types. In particular, AP CLI reporting and AP SRS transmission for CLI measurement can be triggered by a UE-dedicated DCI or a new group-common (GC) DCI. 
Rel-16 CLI framework supports CLI RSRP/RSSI measurement using SRS-RSRP and CLI-RSSI measurement resources, respectively. In addition, CLI can be incorporated into other metrics, e.g. SINR, CQI, where CLI can be considered as the interference source. For those cases, CLI measurement can be based on an interference measurement resource (IMR). The IMR can be linked to a CSI-IM resource. For more accurate CLI measurement, we can consider an enhanced CSI-IM resource, or a new resource dedicated for CLI measurement. For example, the enhanced CSI-IM resource or the new CLI measurement resource can be defined to have a comb pattern to better reflect CLI-RSRP based on SRS transmissions.
As for signalling, we can consider the following two design options for reporting L1 CLI. 
· Separate L1 CLI reporting: L1 CLI reporting is configured as a new reporting quantity which indicates only the CLI metric to be reported, e.g., reportQuantity can be CLI-RSSI, CLI-RSRP, CLI-SINR, …, etc
· Joint L1 CSI and CLI reporting: L1 CLI reporting is configured as part of a new CSI reportQuantity indicating both CSI and CLI metrics to be included in the report, e.g., reportQuantity can be cri-RI-CQI-cli-RSSI

Proposal 5: L1 CLI measurement and report framework supports the following features 
· Support L1-CLI report with P/SP/AP CLI resources and report types
· CLI measurement metrics can be RSSI, RSRP
· CLI measurement can be incorporated into other metrics as the interference part, e.g. SINR, CQI
· CLI measurement can be based on CSI-IM (with enhanced patterns), or dedicated CLI measurement resource
· Separate or joint reporting of CSI and CLI

An alternative to L1 CLI is the L2 CLI framework, where UE is configured with SP/P CLI measurement resources. UE measures CLI and sends CLI report via an UL MAC-CE. L2 CLI reporting can be based on SP reporting activated by a MAC-CE or triggered by an L2-event, e.g. measured interference exceeds a configured CLI threshold. Figure 5‑1 shows an example on the signaling for L2 CLI.
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Description automatically generated]
[bookmark: _Ref111129982][bookmark: _Ref111129974]Figure 5‑1 L2 CLI framework
Proposal 6: Support L2-based CLI measurement and reporting

In R16, up to maxReportCLI most interfering CLI resources are reported in either periodic or event triggered report. However, for gNB SBFD, gNB may be more interested in which UE can be paired with the reporting UE with negligible CLI. For example, in the figure below, among the two measured CLI resources, UE1 only reports CLI resource #2 with least CLI caused by UE2.
Proposal 7: In addition to most interfering CLI resources, UE can be configured to report top X least interfering CLI resources for CLI report. 
[image: Timeline
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[bookmark: _Hlk111124235]Figure 5‑2 Least interfering CLI resources for CLI report

At least for inter-CU/operator scenarios, inter-gNB/operator coordination is beneficial to support inter-UE CLI measurement across gNBs. Inter-UE CLI measurement resource configuration and reporting could be exchanged via OTA or backhaul signalling. OTA signalling could be useful when there is no ideal backhaul, or when backhaul signalling has longer latency.
Proposal 8: Support to study OTA or backhaul information exchange for inter-UE CLI mitigation at least for inter-CU/operator scenarios e.g. for UE-to-UE CLI measurement/reporting.

Rel-16 CLI framework does not support subband CLI reporting, i.e., reporting CLI for one or more subbands in the measurement bandwidth. It supports wideband CLI reporting which may not be suitable for measuring CLI leakage from an adjacent subbands in SBFD, since CLI leakage to adjacent subbands is non-uniform over the measurement bandwidth.
In dynamic/flexible TDD operation, CLI leakage is non-uniform over the DL subbands and may require CLI reporting with increased frequency granularity. The UL and DL could be either fully overlapped, partially overlapped or non-overlapping as the case for subband half-duplex. This motivates that subband reporting could be also used for dynamic TDD e.g. for frequency resource selection on low CLI RB sets cross cells.
Proposal 9: Support subband-based CLI reporting to facilitate subband based scheduling for both SBFD and dynamic TDD in which CLI could be non-uniform across the DL RBs. 
Coordinated Scheduling
In general, gNB can exchange scheduling info for time/frequency/spatial domains to mitigate inter-UE CLI. For example, with coordinated scheduling, different cells can exchange scheduling information on different frequency resources cross cells, so that one cell can avoid scheduling on the subband that overlaps with its neighbour cell to achieve frequency isolation for dynamic TDD. Such frequency isolation could be beneficial for inter-UE CLI mitigation in FR1, e.g. via SBHD. Therefore, we support coordinated scheduling for restricted resources including time/frequency/spatial domains.
Proposal 10: Coordinated scheduling information for time/frequency/spatial domain can be exchanged via OTA or BH signalling for inter-UE CLI mitigation.

Spatial domain enhancements
Rel-16 CLI framework does not support signalling/configuration of Rx beam (QCL-D) for CLI measurement. Specifically, Rx beam for CLI measurement is up to UE implementation as QCL-D follows one of the latest received PDSCH and the latest monitored CORESET. In turn, gNB cannot characterize CLI for different Rx beams in order to enable CLI-aware beam management.
Proposal 11: Support UE Rx beam (QCL-D) configuration and indication per CLI measurement resource for enabling CLI-aware beam management.
In R17 IAB, to mitigate self-interference between IAB-DU and IAB-MT, beam coordination is introduced between IAB-MT link and IAB-DU link. Specifically, IAB node can indicate preferred IAB-MT DL/UL beams to its parent node, while its parent can indicate restricted IAB-DU DL/UL beams to the IAB node. The R17 IAB framework can be extended to SBFD for UE to dynamically report a set of recommended beams, not preferred beams, or both, to mitigate inter-UE CLI.
[image: ]
[bookmark: _Hlk111125587]Figure 5‑2 Beam coordination between IAB node and parent node in R17 IAB

Proposal 12: UE can dynamically report to the gNB a set of recommended beams, not preferred beams, or both.
· UE determines the recommended and/or not preferred beams based on measurement of inter-UE CLI using different RX beams (QCL-D)

In addition, similar to R17 IAB, gNB in SBFD can indicate restricted UE beam/panel to mitigate inter-UE CLI. As illustrated in the figure below, gNB can inform UE that when a particular SSB is used as QCL source to indicate UE Rx/Tx beam, UE shall not use Rx/Tx beam on a particular panel to mitigate inter-UE CLI. Note that which panel to use is currently up to UE implementation.

[image: ]
Figure 5‑3 gNB indicates restricted UE Rx/Tx panels to mitigate inter-UE CLI

To mitigate the inter-UE CLI, gNB can configure slot-specific UE DL/UL spatial parameters for SBFD slots than non-SBFD slot, e.g. beam or precoding matrix. Similarly for potential enhancement on dynamic TDD, different UE beams can be applied to slots where two cells have same or different traffic directions.
Proposal 13: Inter-UE CLI can be mitigated by configuring slot-specific DL/UL spatial parameters, e.g. beam or precoding matrix 
· For SBFD, spatial parameters configured for SBFD slots can be different from those configured for HD slots
· For dynamic TDD, spatial parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.

UE and gNB transmission and reception timing
In R17 IAB, different timing modes (Case 6 & 7) are introduced for timing coordination between IAB-MT link and IAB-DU link to support simultaneous operation, e.g. Rx+Rx, Tx+Tx, Rx+Tx. Moreover, IAB node can feed back to its parent node that a particular timing mode is required, e.g. Case 6 timing mode. 
Similar to the preferred timing mode feedback in R17 IAB, UE in SBFD or flexible TDD may indicate the preferred neighbor UE TA adjustment or report the Rx timing of neighbor UE. This is to align the Rx timing from gNB and from neighbor UE for inter-UE CLI mitigation, as illustrated in the figure below.

[image: ]
Figure 5‑4 UE indicates preferred neighbor UE TA adjustment to mitigate inter-UE CLI

Another use case for UE to indicate preferred neighbor UE TA adjustment is described below. In Rel-16, when the UE measures SRS-RSRP and CLI-RSSI, a constant offset relative to the downlink reference timing in the serving cell shall be applied. The constant offset value is derived by UE implementation and shall be at least Tc*NTA_offset. The assumption of the time alignment of the CLI measurement depends on the assumption that the aggressor and victim UEs have similar UL timing (e.g TA) due to proximity. However, the two UEs could be served by different gNB and have different TA (e.g. HetNet deployment where two indoor UEs one severed by Macro cell and other is served by the indoor TRP). It is beneficial for the victim UE to indicate to the gNB a recommended timing adjustment of aggressor UE. 
Proposal 14: The CLI measurement UE can recommend TA adjustment for aggressor UE corresponding to a particular CLI resource transmission. 
To mitigate the inter-UE CLI, gNB can configure slot-specific TA for SBFD slots than non-SBFD slot. Similarly for potential enhancement on flexible TDD, different TAs can be applied to slots where two cells have same or different traffic directions.
Proposal 15: Inter-UE CLI can be mitigated by configuring slot-specific TA.
· For SBFD, TA configured for SBFD slots can be different from those configured for HD slots.
· For dynamic TDD, TA configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.

Power control based solution
In R17 IAB, to mitigate self interference from IAB-MT to IAB-DU, IAB node can feed back the desired IAB-MT PSD range to its parent node. Furthermore, to handle self interference from IAB-DU to IAB-MT or CLI from neighbor UE/MT, IAB node can feed back the desired parent node DL Tx power adjustment to its parent node. 
Similar coordination schemes can be extended to gNB FD for inter-UE CLI mitigation. For example, UE can indicate to gNB the desired UL power backoff for a neighbor UL UE to mitigate corresponding CLI. Alternatively, UE can also indicate the desired DL power boost to cope with the CLI cause by a neighbor UL UE. In both cases, the neighbor UL UE can be identified by the corresponding CLI measurement resource.
Proposal 16: CLI measurement UE can recommend UL power backoff for neighbor UL UE corresponding to a particular CLI resource.
Proposal 17: CLI measurement UE can recommend DL power boost to cope with the CLI from neighbor UL UE corresponding to a particular CLI resource.
In addition, if R16 inter-UE CLI framework is reused in SBFD or flexible TDD, DL UE may report gNB when high inter-UE CLI is detected. Based on the report, gNB may take action to mitigate CLI, e.g. reduce UL Tx power, increase guard band, or terminate FD. However, the action may experience certain latency from the time when the high inter-UE CLI is detected.
To reduce CLI mitigation latency, UL UE can autonomously adjust Tx power to limit CLI, e.g. based on pathloss measurement via the pathloss RS transmitted from the DL UE. Through the pathloss measurement, UL UE can determine max Tx power to limit caused CLI to be below a threshold. The pathloss RS from DL UE can be SRS transmitted periodically and the Tx power of SRS may have to be fixed and known to the UL UE. 
[image: ]
Figure 5‑5 CLI Aware UE autonomous UL power control

Proposal 18: Investigate UL UE autonomously adjust Tx power to limit inter-UE CLI caused to DL UE based on inter-UE pathloss measurement.
[bookmark: _Hlk111128715]To mitigate the inter-UE CLI, gNB can configure slot-specific power control parameters for SBFD slots than non-SBFD slot. Similarly for potential enhancement on flexible TDD, different power control parameters can be applied to slots where two cells have same or different traffic directions.
Proposal 19: Inter-UE CLI can be mitigated by configuring slot-specific power control parameters 
· For SBFD, power control parameters configured for SBFD slots can be different from those configured for HD slots
· For dynamic TDD, power control parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.
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Inter-gNB Cross-link interference mitigation techniques 
An agreement related to inter-gNB CLI was made in RAN1 #109e for agenda 9.3.3 which is listed below. Based on the agreement below, RAN1 agreed a list of candidates of potential enhancement methods of gNB-to-gNB CLI handling where further prioritization/down-scoping of candidate schemes for study can be done in this meeting. 
	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



In general, we support to study most of the candidate potential inter-gNB CLI enhancements for dynamic/flexible TDD and/or SBFD, which include gNB-to-gNB CLI measurement and reporting, coordinated scheduling, spatial domain enhancements, UE and gNB transmission and reception timing, power control based solution, potential enhancements to Rel-16 RIM, whether or not a particular scheme requires OTA or backhaul information exchange. Benefits per candidate of potential enhancement will be addressed in following sections separately. 
In addition, we prefer not to further study advanced receiver, which could be up to gNB implementation, and corresponding performance gain is unclear without simulation results. We also prefer not to further study on sensing-based mechanism. Its potential benefit is not clear to us, considering the sensing complexity, accuracy, and possible delay.
To summarize, we support most of the candidates in the list highlighted in the agreement other than “Advanced receiver” and “Sensing based mechanism”.
Proposal 20: Support to study the candidate’s solution for inter-gNB CLI other than “Advanced receiver” and “Sensing based mechanism”.

Potential enhancements to gNB-to-gNB CLI measurement and reporting
Inter-gNB CLI measurement
As baseline, half duplex can be assumed for gNB CLI measurement and RS transmission. In this case, CLI measurement and RS transmission should be coordinated such that each cell can measure every intended neighbour cell. To achieve this, for example, a central NW unit can configure inter-gNB CLI RS Tx and Rx windows separately for each cell for inter-gNB CLI measurement. The central NW unit can be gNB-CU or OAM. As illustrated in Figure 6-1, Each period of the Tx windows could contain multiple cells’ Tx windows and each period each cell shall have multiple Rx windows corresponding to the Tx windows of multiplex cells. In addition, each cell can sweep different gNB Tx/Rx beams across multiple Tx/Rx windows to measure per Tx/Rx beam pair inter-gNB CLI.  

[image: ]
Figure 6‑1 Inter-gNB CLI RS Tx/Rx Configuration

In addition, inter-gNB CLI measurement RS can reuse or can be modified based on existing RS, e.g. RIM-RS or DL RS such as SSB or CSI-RS.
Proposal 21: Investigate inter-gNB CLI measurement RS Tx and Rx time window configuration per cell.
Proposal 22: Inter-gNB CLI measurement RS can be based on existing RS (e.g. SSB, CSI-RS, RIM-RS).
Moreover, gNB HD or FD capability can be considered in the inter-gNB CLI measurement RS Tx and Rx time window configuration. For example, for HD only cell, TDMed Tx & Rx windows should be configured, while for FD capable cell, Tx & Rx windows can be overlapped.
Proposal 23: Consider gNB HD/FD capability in the inter-gNB CLI RS Tx and Rx time window configuration.
As for the inter-gNB CLI report, it can be sent either via OTA or backhaul, and the report can be periodic or event triggered with possible contents as inter-gNB CLI metric per Tx/Rx beam pair, allowed/disallowed beams, etc.
Proposal 24: Support to study OTA or backhaul information exchange for inter-gNB CLI reporting.
Inter-gNB CLI channel measurement



Figure 6‑2 CLI channel measurement and reporting facilitate inter-gNB Tx/Rx beamforming/nulling

Multiple aggressor gNBs can cause CLI to a victim gNB. In order to reduce the overhead of CLI channel measurement from multiple gNBs, first the victim gNB can identify one or more dominant aggressor gNBs and perform CLI channel measurement only for the dominant aggressors. In order to get accurate CLI channel measurement, victim gNB sends UL-muting indication to its connected UEs to prevent UL transmissions in the inter-gNB CLI-channel measurement resources. Additionally, victim gNB can report inter-gNB CLI-channel measurements to the aggressor gNBs. One possible enhancement for inter-gNB CLI mitigation in dynamic/flexible TDD and subband full duplex is to optimize Tx beamforming and Rx nulling at the gNBs based on knowledge of inter-gNB CLI channel.
In order to guarantee the accuracy of CLI channel measurement at the victim gNB. Victim gNB can send to its connected UEs an UL-muting indication (semi-static patterns) to prevent UEs from transmitting UL signals that can interfere with CLI channel measurement. Other alternatives to semi-static patterns include ULCI-based and slot-format based muting
Proposal 25: Support of inter-gNB CLI channel measurement and reporting to neighbouring gNBs for enabling Tx/Rx beamforming or nulling.
· Semi-static UL-muting patterns are configured to prevent UL transmissions from interfering with the inter-gNB CLI channel measurement

1.1 Coordinated Scheduling
In general, gNB can exchange scheduling info for time/frequency/spatial domains to mitigate inter-UE CLI. For example, with coordinated scheduling, different cells can exchange scheduling information on different frequency resources cross cells, so that one cell can avoid scheduling on the subband that overlaps with its neighbour cell to achieve frequency isolation for dynamic TDD. Such frequency isolation could be beneficial for inter-gNB CLI mitigation in FR1, e.g. via SBHD. Therefore, we support coordinated scheduling for restricted resources including time/frequency/spatial domains.
Proposal 26: Coordinated scheduling information for time/frequency/spatial domain can be exchanged via OTA or BH signalling for inter-gNB CLI mitigation.
In addition, victim cell can signal neighbor cells whether DL transmission is allowed on a pre-determined candidate UL resource of the victim cell, e.g. a set of RRC UL symbols for victim cell to protect its high priority UL transmission. For example, the determination can be based on whether the total inter-gNB CLI measured on that UL resource exceeds a certain threshold or not, and can be indicated via OTA or BH to neighbor cells.
Proposal 27: Support coordinated scheduling on DL Tx restriction on UL resources between cells.

1.2 Spatial domain enhancements
In R16, RIM is introduced and is mainly to mitigate inter-gNB interference due to atmosphere ducting effect. It does not optimize the selected gNB beam to mitigate inter-gNB interference. This can be improved in SBFD and flexible TDD. Similar to existing beam management in FR2-1, inter-gNB beam management for inter-gNB CLI mitigation can be based on inter-gNB CLI RS measurement. Based on the measurement results, gNB (or central coordinator) should further identify compatible DL beam(s) per aggressor gNB that will cause negligible interference to used UL beam(s) of victim gNB.
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Figure 6‑3 Tx/Rx inter-gNB beam-pairs

Proposal 28: Support to investigate schemes for inter-gNB CLI mitigation in dynamic/flexible TDD and SBFD to identify compatible inter-gNB beam pairs, which can be based on inter-gNB CLI measurement and reporting per candidate DL/UL beam pair. 
In codebook-based DL operation, an aggressor gNB may need to restrict DL precoding in slots where CLI/CLI-leakage occurs at the victim gNB. In particular, aggressor gNB configures the UE with PMI codebook subset restriction, however, this restriction is only needed for DL transmissions in slots where gNBs have conflicting traffic directions. That is, gNB keeps track of two PMIs for each UE, one PMI for HD slots and one PMI for slots with conflicting traffic directions.
Proposal 29: gNB adopts a slot-specific DL codebook restrictions, where a subset of PMI codebook is restricted in slots where a neighboring gNB has a conflicting traffic direction.
To mitigate the inter-gNB CLI, gNB can coordinate with neighbor gNB and configure slot-specific UE DL/UL spatial parameters for SBFD slots than non-SBFD slot, e.g. beam or precoding matrix. Similarly for potential enhancement on dynamic TDD, different UE beams can be applied to slots where two cells have same or different traffic directions.
Proposal 30: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific DL/UL spatial parameters, e.g. beam or precoding matrix 
· For SBFD, spatial parameters configured for SBFD slots can be different from those configured for HD slots
· For dynamic TDD, spatial parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.

1.3 UE and gNB transmission and reception timing
Another issue is how to determine inter-gNB CLI RS Tx/Rx timing w.r.t. gNB’s own DL/UL symbol timing for traffic. One possibility is that gNB transmits RS based on its own DL symbol timing, while receiving individual RS based on detected RS arrival time, where the reception is in a dedicated Rx window. By using DL symbol timing, gNB can simultaneously transmit DL traffic via different panels or beams if applicable. It is assumed that Rx gNB can detect Rx timing per sequence with unknown arrival time, e.g. via correlation detection, which can also measure the RSRP. Moreover, gNB can distinguish RSs from multiple Tx gNBs overlapped in time and frequency if low-correlation CLI sequences are used.
Proposal 31: Investigate how to determine inter-gNB CLI RS Tx/Rx timing for accurate inter-gNB CLI measurement.
To mitigate the inter-gNB CLI, gNB can coordinate and configure slot-specific TA for SBFD slots than non-SBFD slot. Similarly for potential enhancement on flexible TDD, different TAs can be applied to slots where two cells have same or different traffic directions. For example, gNB can match the UL TA to the strongest jamming neighbor gNB to better align the reception of UL signal and neighbor gNB interference at the gNB for inter-gNB CLI mitigation, in the case that e.g. victim gNB is U symbol, while aggressor gNB is D symbol.
Proposal 32: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific TA.
· For SBFD, TA configured for SBFD slots can be different from those configured for HD slots.
· For dynamic TDD, TA configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.

To reduce timing offset between UL Rx and CLI channel measurement RS, gNB can configure UEs with different timing advance (TA) values for CLI measurement occasions in order to reduce ICI between ULs and CLI channel measurement RS. In current spec, UE needs minimum number of symbols before applying new TA value. The applicability of this proposal will depend on UEs’ capability of how fast it can apply this TA adjustment. UE may need to be configured with zero or negative TA values to reduce the timing offset, which may require a restriction on scheduling the UE on consecutive UL and DL symbols, i.e., a guard symbol between D and U may need to be configured for these UEs. Additionally, if UE needs to fallback to default TA, then a guard period is needed to allow UE to adjust its TA.
Proposal 33: Simultaneous UL reception and inter-gNB CLI measurement can be achieved by configuring UE with zero or negative TA.
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Figure 7‑4 Example: zero TA for reducing timing offset
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1.4 Power control based solution
One possible power based enhancement for inter-gNB CLI mitigation in dynamic/flexible TDD is that based on the inter-gNB CLI measurements per DL/UL beam pair, one gNB could request another gNB to have X dB power backoff on time/frequency/spatial resources to mitigate inter-gNB CLI. The power adjustment is needed for slots where inter-gNB CLI persist (e.g. SBFD slot and asynchronous slots in dynamic TDD).
Proposal 34: Support of gNB requesting another gNB to have X dB power backoff on time/frequency/spatial resources to mitigate inter-gNB CLI.
To mitigate the inter-gNB CLI, gNB can coordinate and configure slot-specific power control parameters for SBFD slots than non-SBFD slot. Similarly for potential enhancement on flexible TDD, different power control parameters can be applied to slots where two cells have same or different traffic directions.
Proposal 35: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific power control parameters 
· For SBFD, power control parameters configured for SBFD slots can be different from those configured for HD slots
· For dynamic TDD, power control parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.

1.5 Potential enhancements to Rel-16 RIM
In Rel-16, remote interference management (RIM) was introduced to facilitate interference detection and mitigation from a remote gNB caused by the atmospheric ducting effect. The DL transmission from a remote gNB interferes with UL reception at victim gNB, as propagation delay experienced by a transmission from the remote gNB is larger than the guard period between DL and UL. 
In Rel-16 RIM framework, RIM-RS is transmitted by the gNBs which carries the set ID of the transmitting gNB. Additionally, RIM-RS is used for conveying information about presence of ducting phenomenon and whether the applied interference mitigation is sufficient or not.
In dynamic/flexible TDD and SBFD operation, gNBs may experience CLI from neighbouring gNBs and this inter-gNB CLI will dependent on Tx/Rx beams used at the gNBs, especially in FR2. In Rel-16 RIM framework, there is no support for beam-based interference detection. In turn, Rel-16 RIM will have limited utility for interference management in dynamic/flexible TDD which may require advance coordination for beam management between neighboring gNBs.
The described proposals in above sections could be potential enhancements to Rel-16 RIM, inter-gNB coordination schemes for inter-gNB CLI mitigation in dynamic/flexible TDD and SBFD to identify compatible inter-gNB beam pairs, which is enabled by inter-gNB CLI measurement and reporting per candidate DL/UL beam pair. gNB (or central coordinator) can signal the non-compatible or compatible beam pairs and potentially other operation parameters such as power backoff and the report can be sent in OTA or via BH. 
Proposal 36: Support to study enhancements to Rel-16 RIM for inter-gNB CLI mitigation to identify usable beam pair and/or restricted beam of aggressor and victim gNBs.

Conclusion
In this contribution, we discussed the feasibility and potential enhancement for dynamic/flexible TDD. Below are the summary of the observations and proposals.
Observation 1: For FR1, deployments scenario with large Tx Power BS suffers from inter-gNB interference.
· In general, inter-UE CLI is not an issue except for macro-to-indoor deployment. 

Observation 2: For FR2, Dynamic TDD is possible under careful assumption of layout and power parameterization to avoid inter-gNB interference. 
Observation 3: Rel-18 study on potential enhancement of dynamic TDD suggests utilizing the outcome of Rel-15 and Rel-16 studies outcome avoid repetition of same discussion, e.g., inter-operator Dynamic TDD coexistence study. 
Observation 4: SBHD can enable dynamic TDD and mitigate the impact of inter-gNB CLI. 
Observation 5: SBHD-based dynamic enables flexible adaption of slots direction based on traffic which leads to reduced latency and improved UL coverage. 
Observation 6: Link budget analysis shows that SB-based dynamic TDD is feasible for macro-cell deployment. 
Observation 7: A prototype test network validated the feasibility of dynamic TDD in macro-cell deployment using subband half-duplex 
Observation 8: In FR2, Dynamic TDD with misaligned slots format is possible where CLI could be mitigated with proper beam-pair selection and lower Tx power. 
Proposal 1: The focus of Rel-18 study on potential enhancement for dynamic TDD should be limited to co-channel intra-operator deployment. 
Proposal 2: Support subband half-duplex as solution to enable dynamic TDD at least for FR1
Proposal 3: Support to study the candidate’s solution for inter-UE CLI other than “Advanced receiver” and “Sensing based mechanism”.
Proposal 4: Support L1/L2 based inter-UE CLI measurement/reporting to increase flexibility and reduce reporting latency compared to Rel-16 L3 based framework.
Proposal 5: L1 CLI measurement and report framework supports the following features 
· Support L1-CLI report with P/SP/AP CLI resources and report types
· CLI measurement metrics can be RSSI, RSRP
· CLI measurement can be incorporated into other metrics as the interference part, e.g. SINR, CQI
· CLI measurement can be based on CSI-IM (with enhanced patterns), or dedicated CLI measurement resource
· Separate or joint reporting of CSI and CLI

Proposal 6: Support L2-based CLI measurement and reporting

Proposal 7: In addition to most interfering CLI resources, UE can be configured to report top X least interfering CLI resources for CLI report. 
Proposal 8: Support to study OTA or backhaul information exchange for inter-UE CLI mitigation at least for inter-CU/operator scenarios e.g. for UE-to-UE CLI measurement/reporting.
Proposal 9: Support subband-based CLI reporting to facilitate subband based scheduling for both SBFD and dynamic TDD in which CLI could be non-uniform across the DL RBs.
Proposal 10: Coordinated scheduling information for time/frequency/spatial domain can be exchanged via OTA or BH signalling for inter-UE CLI mitigation.
Proposal 11: Support UE Rx beam (QCL-D) configuration and indication per CLI measurement resource for enabling CLI-aware beam management.
Proposal 12: UE can dynamically report to the gNB a set of recommended beams, not preferred beams, or both.
· UE determines the recommended and/or not preferred beams based on measurement of inter-UE CLI using different RX beams (QCL-D)

Proposal 13: Inter-UE CLI can be mitigated by configuring slot-specific DL/UL spatial parameters, e.g. beam or precoding matrix 
· For SBFD, spatial parameters configured for SBFD slots can be different from those configured for HD slots
· For dynamic TDD, spatial parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.

Proposal 14: The CLI measurement UE can recommend TA adjustment for aggressor UE corresponding to a particular CLI resource transmission. 
Proposal 15: Inter-UE CLI can be mitigated by configuring slot-specific TA.
· For SBFD, TA configured for SBFD slots can be different from those configured for HD slots.
· For dynamic TDD, TA configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.

Proposal 16: CLI measurement UE can recommend UL power backoff for neighbor UL UE corresponding to a particular CLI resource.
Proposal 17: CLI measurement UE can recommend DL power boost to cope with the CLI from neighbor UL UE corresponding to a particular CLI resource.
Proposal 18: Investigate UL UE autonomously adjust Tx power to limit inter-UE CLI caused to DL UE based on inter-UE pathloss measurement.
Proposal 19: Inter-UE CLI can be mitigated by configuring slot-specific power control parameters 
· For SBFD, power control parameters configured for SBFD slots can be different from those configured for HD slots
· For dynamic TDD, power control parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.

Proposal 20: Support to study the candidate’s solution for inter-gNB CLI other than “Advanced receiver” and “Sensing based mechanism”.
Proposal 21: Investigate inter-gNB CLI measurement RS Tx and Rx time window configuration per cell.
Proposal 22: Inter-gNB CLI measurement RS can be based on existing RS (e.g. SSB, CSI-RS, RIM-RS).
Proposal 23: Consider gNB HD/FD capability in the inter-gNB CLI RS Tx and Rx time window configuration.
Proposal 24: Support to study OTA or backhaul information exchange for inter-gNB CLI reporting.
Proposal 25: Support of inter-gNB CLI channel measurement and reporting to neighbouring gNBs for enabling Tx/Rx beamforming or nulling.
· Semi-static UL-muting patterns are configured to prevent UL transmissions from interfering with the inter-gNB CLI channel measurement

Proposal 26: Coordinated scheduling information for time/frequency/spatial domain can be exchanged via OTA or BH signalling for inter-gNB CLI mitigation.
Proposal 27: Support coordinated scheduling on DL Tx restriction on UL resources between cells.
Proposal 28: Support to investigate schemes for inter-gNB CLI mitigation in dynamic/flexible TDD and SBFD to identify compatible inter-gNB beam pairs, which can be based on inter-gNB CLI measurement and reporting per candidate DL/UL beam pair. 
Proposal 29: gNB adopts a slot-specific DL codebook restrictions, where a subset of PMI codebook is restricted in slots where neighboring gNB has a conflicting traffic direction.
Proposal 30: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific DL/UL spatial parameters, e.g. beam or precoding matrix 
· For SBFD, spatial parameters configured for SBFD slots can be different from those configured for HD slots
· For dynamic TDD, spatial parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.

Proposal 31: Investigate how to determine inter-gNB CLI RS Tx/Rx timing for accurate inter-gNB CLI measurement.
Proposal 32: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific TA.
· For SBFD, TA configured for SBFD slots can be different from those configured for HD slots.
· For dynamic TDD, TA configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.

Proposal 33: Simultaneous UL reception and inter-gNB CLI measurement can be achieved by configuring UE with zero or negative TA.
Proposal 34: Support of gNB requesting another gNB to have X dB power backoff on time/frequency/spatial resources to mitigate inter-gNB CLI.
Proposal 35: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific power control parameters 
· For SBFD, power control parameters configured for SBFD slots can be different from those configured for HD slots
· For dynamic TDD, power control parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.

Proposal 36: Support to study enhancements to Rel-16 RIM for inter-gNB CLI mitigation to identify usable beam pair and/or restricted beam of aggressor and victim gNBs.
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