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1 Introduction
In RAN #94 meeting, a new SID [1] on evolution of NR duplex has been approved. And below agreements were reached in the RAN1 #112 meeting.
RAN1#112
	Agreement
For the study of gNB-to-gNB co-channel interference measurement, it is assumed that both CD-SSB and NCD-SSB can be used for gNB-to-gNB CLI measurement.
Agreement
Study the benefit of knowledge among gNBs of configurations such as
· SBFD time/frequency configuration
Agreement
For spatial domain enhancement of gNB-to-gNB co-channel CLI handling, DL Tx beam information of the gNB can be exchanged between gNBs. Reference signal resource ID (e.g., NZP-CSI-RS resource ID, SSB index) can be used as beam information exchange between gNBs.
Agreement
For L1/L2 based UE-to-UE CLI measurement, SRS-RSRP and CLI-RSSI are to be further studied as baseline metrics.
Agreement
For the study of L1/L2 based UE-to-UE co-channel CLI measurement, measurement resource for CLI-RSSI measurement as defined in Rel-16 and SRS resource for SRS-RSRP measurement as defined in Rel-16 can be considered. Enhancement of measurement resource can be studied.  
Agreement
For L1/L2 based UE-to-UE co-channel CLI measurement and reporting mechanism, study the following measurement and report framework.
· Use existing CSI framework as the baseline.
· Others are not precluded.
Agreement
For spatial domain enhancement of gNB-to-gNB CLI handling, study the benefit and the procedure of the information exchange of at least the preferred/non-preferred DL beams of the aggressor gNBs, based on the beam information exchanged between gNBs



This contribution provides NEC views on potential enhancements on dynamic/flexible TDD.
2 Discussion
2.1 CLI management for dynamic/flexible TDD
2.1.1 gNB-to-gNB CLI Measurement
For CSI-RS based measurement, although RAN1 has agreed to study periodic NZP-CSI-RS for CLI measurements, we think that aperiodic or semi-persistent CSI-RS should also be equally discussed. Given that CSI-RS transmission is mainly expected to be used for identification of aggressor gNB and associated aggressor beams, we do not visualize the need for CSI-RS to be transmitted very frequently or periodically. Further, for enabling power saving features at gNB, gNB may choose to only transmit CSI-RS sporadically and hence may avoid using periodic CSI-RS for CLI measurements. For this reason, it may be beneficial to adopt a framework of aperiodic or semi-persistent CSI-RS transmission from a gNB rather than using periodic CSI-RS transmission.
Proposal 1: Study aperiodic or semi-persistent CSI-RS along with periodic CSI-RS for gNB-gNB CLI measurements 
For measurement metric, CLI sensitivity level should be defined. The CLI sensitivity level can be defined as a risk of experiencing interference for a certain resource(s). And it can be quantized or averaged based on the sequence detection error/false alarm probability or the RSSI or RSRP or the SNR. Each sensitivity level is a range of the value. And a CLI tolerance level can also be defined for a traffic type, such as eMBB, URLLC, MTC, or for transmitted physical or logical channels/signals. And before gNB scheduling the UL transmission, gNB should make the CLI measurement and determine whether the sensitivity level of the scheduled resource for UL transmission is low, and gNB can indicate UE for the UL transmission only if the tolerance of the traffic/signal of the DG-UL matched with the CLI sensitivity level of the transmission resource. If the sensitivity level of certain resource is high, then only the channel/signal with low CLI tolerance level can be transmitted on this resource.
Proposal 2: Define CLI sensitivity level as a measurement metric for gNB-gNB CLI measurements
Also, if CLI-RS transmission is performed frequently then we need to further discuss how to protect the resource for CLI measurement. For UE, some indication is needed to resolve the issue when the PRACH/PUCCH/PUSCH resource overlaps or at least part overlaps with the CLI-RS resource. Such as do rate matching or reserve the resource. This especially holds true for CSI-RS based CLI measurement where in UL rate matching would be required for protecting the CSI-RS resource (which is currently not present). Note that to ensure the CLI IM accuracy, if some blank resource is reserved, the spectrum efficiency will be affected. 
Proposal 3: Support UL rate matching/puncturing procedures at least for CLI measurement based on CSI-RS
· FFS for SSB

2.1.2 gNB-to-gNB Coordinated Scheduling
Given that study of inter-gNB coordinated transmission has been agreed in 3GPP in RAN1#110, we need to define relevant information which needs to be shared to accomplish this. In Rel-16, we agreed that gNB can share the TDD configuration (UL and DL slots information) with each other to mitigate CLI arising from TDD frame conflicts. However, just sharing the DL/UL slot configuration may not be sufficient in all cases. Actual CLI experienced by victim gNB during aggressor gNB’s transmissions is also dependent on beams and transmission power used by the aggressor gNB. Hence, scheduling decision by victim gNB to mitigate CLI is dependent on these factors as well.
Hence, it would be beneficial to study further information which should be exchanged between gNBs to mitigate CLI including SBFD based frame structure, beam scheduling and transmission power information.
Proposal 4: Following information exchange between gNBs is supported for coordinated inter-gNB scheduling 
· DL beam scheduling information
· DL transmission power information 

Also, to mitigate CLI effectively for gNB-gNB CLI, it is beneficial to study information exchange between gNBs. There are already discussions for dynamic TDD which are based on assumption that coordinated scheduling is possible if gNBs are aware of contentious slots/symbols. While in semi-static case, nearby gNBs shall support common SBFD configuration but given that 3GPP is discussing different aspects of dynamic SBFD scheduling (e.g., by DL transmission in UL subband or dynamic UL subband scheduling), there are expected to be frequent cases where we observe co-subband gNB DL to gNB UL CLI. 
In such cases, CLI can be properly mitigated if gNBs share between each other the SBFD configuration used by each of the gNBs. This can be used to identify the slots/symbols and frequency resources where interference is likely to deteriorate the radio performance and take appropriate action based on the mechanisms being considered in dynamic TDD section. 
Proposal 5: For inter-gNB CLI mitigation, gNBs exchange with each other the UL subband frequency resource configuration and SBFD time occasions
2.1.3 UE-to-UE inter-cell co-channel interference
For SRS-RSRP measurement report, L3 measurement reporting was specified in Release 16. L3 reporting is based on periodic CLI measurement resources with L3 filtering, which mainly focused on long-term statistical interference. However, this is not suitable for enabling fast beam selection in response to interference variation as compared to L1 based beam selection. Therefore, L1 layer based UE-to-UE CLI measurement reporting should be supported. The L1-CLI report can be periodic or SPS or aperiodic and dynamically triggered by DCI or event. The report configuration/indication information for UE-to-UE CLI beam management can include at least one of the following.
· The TCI state IDs. 
· The resources For CLI Measurement, such as SRS-ResourceConfigId or CLI-RSSI Resource Id.
· The reportConfigType{periodic, sps, aperiodic}.
Besides, for the spatial domain, the Rel-16 CLI framework does not support signalling/configuration of Rx beam (QCL-D) for CLI measurement. And the Rx beam for CLI measurement is up to UE implementation and the QCL-D of the SRS follows one of the latest received PDSCH and the latest monitored CORESET. However, with the CLI, a beam that was selected as the best beam direction between a victim UE and gNB may not be the best beam in case when a directional CLI is received at the victim UE from the aggressor UE. In other words, DL beam selection for UE receiving should consider the CLI from neighbour UE of other cell. Therefore, the receive beam for SRS should be configured or indicated for fast interference variation condition for SRS beam receiving. And the DL beam management can be enhanced to take the CLI into account. The configuration information for UE-to-UE CLI measurement should include a list of TCI states for CLI beam measurement. That is the received beam for CLI SRS measurement can be given to UE.
Furthermore, for UE-to-UE CLI, besides the interference and report scheme specified in R16, other scheme, such as TPC or new measurement methods can be considered. For example, new metrics (CLI sensitivity level and CLI tolerance level) for CLI management can be defined and gNB can adjust the transmission direction or the channel/traffic to reduce the CLI according to whether the CLI sensitivity level of the transmission resource meet the requirement of the CLI tolerance level of the channel/traffic.
Proposal 6: The configuration information for UE-to-UE CLI measurement should include a list of TCI states for CLI beam measurement.
Proposal 7: The report configuration/indication information for UE-to-UE CLI should include K (K>=1) TCI states with highest L1-SRS-RSRP or L1-SINR or L1-CLI-RSSI.
In addition, when gNB-to-gNB and UE-to-UE are both considered simultaneously, the RS overhead should be considered if both RS are used for inter UE and gNB CLI measurement. And a common framework for cross-link interference mitigation schemes for both gNB and UE should be studied. If the DL and UL RS used for gNB-gNB or UE-UE IM occupy different time-frequency resource elements, and the REs for transmitting RS of one link should be blanked or muted on the other link to assure the reliability of the measurement, the spectrum efficiency will be effected. Therefore, the unified design for CLI RS should be considered to reduce the overhead for IM.
Proposal 8: Unified design for CLI RS for gNB-to-gNB and UE-to-UE measurement should be considered to reduce the RS overhead.
2.1.4 BFR enhancement with CLI
CLI may impact the BFR procedure, such as BFD and NBI due to extra interference, therefore, the CLI measurement should be considered for enhancement of the BFR procedure. 
For example, in presence of high CLI, the beam failure is likely to be declared as the BFI counter would reach the configured maximum number before the expiry of beam failure recovery timer. And this beam failure is expected to be declared more frequently when configured beamFailureInstanceMaxCount is small, and the beamFailureRecoveryTimer is large. However, this should not be counted as an actual BFR because radio conditions of the UE may be good, and the interference may only be temporary. Therefore, some enhancements should be considered for BFR in presence of large CLI.
One possible enhancement could be that UE can estimate the CLI from the SRS measurement, and then the CLI can be cancelled from the hypothetical BLER calculation for PDCCH. This is expected to reduce the number of BFD instances and the details of the procedure (e.g., network UE coordination) can be further discussed. Other possible mechanism to address this is by enhancing the UE procedure for BFD instead. For example, after a UE detects the DL radio link quality in a set that the UE uses for monitoring PDCCH to be worse than the threshold Qout,LR, then a procedure of CLI detection can be initiated. And if all or part of the beams in the set are influenced by the CLI, then UE can classify this event as occurring due to the CLI influence, and UE shall not initiate the BFR procedure. Also, the potential victim UE that has detected a beam failure instance can take different actions than existing BFI (e.g., due to beam blockage) if the BFI is caused by CLI in NR dynamic TDD systems. Besides, NBI should also be enhanced when CLI is considered. 
Further, differentiation of the BFR caused by CLI and BFR caused by beam blockage is needed, and gNB/UE can adopt different scheme for BFR with CLI. One enhancement can include configuration of dedicated PRACH/SR resource to UE for reporting the BF caused by CLI. Moreover, CLI-related coordination scheme can be specified where the aggressor UE changes a UL beam to avoid the CLI to the victim UE. Or gNB schedules the UE to the other subband or gNB changes the DL receive beam for this UE to avoid the CLI. 
Proposal 9:
· Differentiation the BFR caused by CLI with the beam blockage is needed. 
· Eliminate the effect of the CLI to BFR for BFD and NBI should be considered.
2.2 Slot format enhancement for dynamic/flexible TDD operation 
NR TDD specifications allows dynamic/flexible allocation of downlink and uplink in time. UE can be configured with tdd-UL-DL-ConfigurationCommon, or additionally provided tdd-UL-DL-ConfigurationDedicated, where the parameter tdd-UL-DL-ConfigurationDedicated overrides only flexible symbols per slot configured by tdd-UL-DL-ConfigurationCommon. A slot configuration period and a number of downlink symbols, uplink symbols, and flexible symbols in each slot of the slot configuration period are determined from tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated and are common to each configured BWP. Besides, a set of slot format combinations by slotFormatCombinations can be configured, where each slot format combination in the set of slot format combinations includes one or more slot formats. A SFI-index field value in a DCI format 2_0 indicates to a UE a slot format for each slot in a number of slots. 
For the flexible symbols, some new methods can be considered to improve configuration flexibility for NR TDD operations and to help UE to save power, such as if the flexible symbols configured as UL, then UE does not need to do PDCCH blind detection or receive the CSI-RS on these symbols. For example, the flexible symbols per slot over the number of slots as provided by common-DCI can be further assigned to UE as DL or UL through another UE-specific DCI format x_y. This DCI can be scrambled by a specific RNTI, such as UE-SFI-RNTI, and it overrides only flexible symbols per slot over the number of slots as provided by common-DCI indicated. The priority of the slot format indicated by this DCI is higher than the DCI scrambled by C-RNTI, but lower than DCI 2_0 and tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated. UE-specific SFI indication in DCI format x_y provides the following information:
-  A slot index for a slot provided by slotIndex.
- nrofDownlinkSymbols provides a number of downlink symbols in the slot from the first flexible symbol. 
 - nrofUplinkSymbols provides a number of uplink symbols from the last flexible symbol in the slot. 
The remaining symbols in the slot are still flexible symbols. Furthermore, for the flexible symbols, they can also be considered as shared resource between UL and DL, therefore, LBT scheme applied in shared spectrum can be considered to determine the flexible symbols used for DL or UL transmission.
Proposal 10: Enhancement for the flexible symbols allocation can be studied, such as:
· Methods to achieve different UE interpretation different slot format for flexible symbols can be studied.
· LBT scheme can be applied to determine the flexible symbols used for DL or UL transmission.
3 Conclusion
Based on the discussion in the previous sections, this contribution is concluded with following proposals:
Proposal 1: Study aperiodic or semi-persistent CSI-RS along with periodic CSI-RS for gNB-gNB CLI measurements
Proposal 2: Define CLI sensitivity level as a measurement metric for gNB-gNB CLI measurements
Proposal 3: Support UL rate matching/puncturing procedures at least for CLI measurement based on CSI-RS
· FFS for SSB

Proposal 4: Following information exchange between gNBs is supported for coordinated inter-gNB scheduling 
· DL beam scheduling information
· DL transmission power information 
Proposal 5: For inter-gNB CLI mitigation, gNBs exchange with each other the UL subband frequency resource configuration and SBFD time occasions
Proposal 6: The configuration information for UE-to-UE CLI measurement should include a list of TCI states for CLI beam measurement.
Proposal 7: The report configuration/indication information for UE-to-UE CLI should include K (K>=1) TCI states with highest L1-SRS-RSRP or L1-SINR or L1-CLI-RSSI.
Proposal 8: Unified design for CLI RS for gNB-to-gNB and UE-to-UE measurement should be considered to reduce the RS overhead.
Proposal 9:
· Differentiation the BFR caused by CLI with the beam blockage is needed. 
· Eliminate the effect of the CLI to BFR for BFD and NBI should be considered.
Proposal 10: Enhancement for the flexible symbols allocation can be studied, such as:
· Methods to achieve different UE interpretation different slot format for flexible symbols can be studied.
· LBT scheme can be applied to determine the flexible symbols used for DL or UL transmission
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5 3GPP Agreements
RAN1#111
	Agreement
For gNB-to-gNB co-channel CLI measurement and/or channel measurement, at least periodic NZP CSI-RS/SSB is the baseline in RAN1 study.
· FFS: Whether SSB is CD-SSB or NCD-SSB
In the study RAN1 assumes that exchange of configuration for NZP CSI-RS /SSB can be an enabler for gNB-to-gNB CLI measurement and/or channel measurement. 
Agreement
For the purpose of UE-to-UE CLI mitigation, consider the following potential enhancements:
· For L1/L2 UE-to-UE CLI reporting, periodic, semi-persistent, aperiodic or event triggered reporting.
· For L1/L2 UE-to-UE CLI measurement, periodic, semi-persistent, or aperiodic measurement resource.
Companies are encouraged to bring additional details and evaluation results to determine the benefit of the above potential enhancements.  
Agreement
For spatial domain coordination, the exchange of beam related information among gNB(s) (e.g., victim gNB(s) and aggressor gNB(s)) can be an enabler for inter-gNB co-channel CLI management.
· For example 1 (from aggressor gNB to victim gNB), DL beam indication from aggressor gNB(s)
· For example 2 (from victim gNB to aggressor gNB), preferred/restricted DL beam and associated resource configuration, beam based inter-gNB co-channel CLI measurement result from victim gNB
· FFS: how to define DL beam indication
· FFS: how to define DL beam
Note: The above examples are only provided as starting point for further discussions
Agreement
For gNB-to-gNB co-channel CLI handling, beam level (i.e., based on measurement result per SSB resource and/or per CSI-RS resource) CLI measurement can be considered for study.
Agreement
For UE-to-UE co-channel CLI handling, study whether/how to enhance UL power control mechanism.
· Existing UL power control mechanism is baseline



RAN1#110-bis-e
	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.
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.
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.
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
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 required 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)
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. 
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 



RAN1#110
	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 specific and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource configuration
· Measurement details
· Relevant information exchange
· Usage of measurement
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 specific 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
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
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
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)
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



RAN1#109e
	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
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





