Page 1

3GPP TSG RAN WG1 #111	                                          	R1-2211363
Toulouse, France, November 14th – 18th, 2022

Agenda item:	9.3.3
Source:		Xiaomi
Title:	Discussion on potential enhancements on dynamic/flexible TDD
[bookmark: DocumentFor]Document for:	Discussion
Introduction
In RAN1#110bis-e meeting [1], the following agreements were made on the dynamic 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 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
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

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 


In this contribution, we present the discussion on the aspects related to the possible enhancements on dynamic/flexible TDD. 
Discussion
Potential issues for Rel-18 dynamic/flexible TDD
The main challenge to support the flexible/dynamic TDD is how to handle the cross-link interference which is expected to be very serious in some co-channel deployment scenarios.
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(a) Inter-gNB CLI                                                                     (b) Inter-UE CLI
Figure 1 Inter-gNB and inter-UE CLI
The Rel-16 Work Item Cross Link Interference (CLI) handling to support flexible resource adaptation for unpaired NR cells achieves the following objectives[2] :
· CLI measurements and reporting at a UE (i.e., CLI-RSSI and SRS-RSRP), and network coordination mechanism(s) (i.e., exchange of intended DL/UL configuration) are developed.
· Layer 3 filtering can be applied to the measurement result for both CLI-RSSI measurement and SRS-RSRP measurement.
· Both event triggered and periodic reporting are supported for CLI-RSSI measurement and SRS-RSRP measurement.
· Perform coexistence study to identify conditions of coexistence among different operators in adjacent channels is accomplished.
However, if the TDD pattern can be adapted dynamically, e.g, with a slot level among cells, the L3 measurement and periodic reporting may not be sufficient to accommodate the dynamic changes of the interference level. Meanwhile, Rel-16 CLI only specifies the solutions on the inter-UE CLI. The inter-gNB CLI is expected to be more severe due to higher transmit power and LoS propagation, which needs to be studied in Rel-18.

UE-to-UE CLI handling schemes
[bookmark: _Hlk118291785][bookmark: _Hlk118291361]
[bookmark: _Hlk118223471]UE-to-UE CLI measurement and reporting
Accurate CLI measurement is necessary to enable CLI handling. In Rel-16, L3 based CLI measurement and reporting for UE-to-UE CLI were specified. The periodical intervals for L3 based reporting vary from 120ms to 30min (i.e., 120ms, 240ms, …,12min, 30min), as configured in IE ReportInterval. The CLI level is related to the channel condition between the aggressor UE and victim UE as well as the number of the aggressor UEs. The channel condition between the aggressor UE and victim UE is typically stable. However, the number of the aggressor UEs depends on scheduling and could be varied dynamically. Consequently, the interference strength is fluctuating with time elapsing.
The L1/L2 based measurement and reporting are expected to provide a fast accommodation to the fluctuating CLI level. It was agreed to further study L1/L2 based measurement and reporting for UE-to-UE co-channel CLI handling in previous meetings with exiting measurement resources (i.e., SRS resources for SRS-RSRP measurement and CLI-RSSI resources for CLI-RSSI measurement) as a baseline. In order to support the L1/L2 based CLI measurement/reporting, the legacy CSI measurement and reporting framework can be considered as the starting point. Currently, the periodic, semi-persistent and aperiodic CSI reporting are supported. For periodic CSI reporting and semi-persistent CSI reporting, the reporting periods  vary from 4 slots to 320 slots (i.e., 4 slots, 5slots, 8slots, …,320slots), as configured in IE CSI-ReportConfig. For aperiodic CSI reporting, the timeline of gNB triggering CSI reporting via CSI request field in DCI has been defined. Similar mechanism can be re-used with potential enhancement for the CLI measurement and reporting considering the UE processing/reporting delay. 
The L1/L2 based periodic and aperiodic reporting can be introduced for SRS-RSRP and CLI-RSSI reporting. The aperiodic SRS-RSRP and CLI-RSSI reporting can be triggered by DCI independently. Meanwhile, processing/reporting delays should also be investigated with reference to CSI computation time. Furthermore, if L1/L2 based CLI reporting is processed on PUCCH/PUSCH, how to multiplex between different UCIs needs further investigation.
Proposal 1: The CSI measurement/reporting framework can be reused with potential enhancement to support the L1/L2 CLI measurement/reporting considering the UE processing/reporting delay.
Proposal 2: The L1/L2 based CLI measurement and reporting can be further studied with the following aspects:
· Periodic and aperiodic reporting for SRS-RSRP and CLI-RSSI reporting.
· Processing/reporting delays referring to CSI computation time.
· UCI multiplexing 

[bookmark: _Hlk118291233]Time alignment for UE-to-UE CLI handling
The victim UE needs to receive CLI-RS transmitted by the aggressor UE for CLI measurement, e.g., SRS. If the victim UE follows its serving cell’s DL timing and receives the CSI-RS from the aggressor UE on its DL symbols, a time offset between its DL reception timing and actual SRS arrival timing may be expected as illustrated in figure 2. The transmission delay between the aggressor UE and victim UE can be assumed to be zero as they are expected to be close to each other. However, the UL timing for the SRS transmission by the aggressor UE is not known by the victim UE, and thus, the measurement accuracy would be decreased. The following two alternatives can be considered to resolve this issue:
· Alt 1: The aggressor UE adjust its transmission timing of the SRS.
· Alt 2: the victim UE adjust its reception timing for CLI measurement.
Alt 2 is preferred as the impact to the system is expected to be much less compared to that with Alt 1. The information associate to the TA applied as the aggressor UE can be configured to the victim UE to adjust its reception timing.  
[bookmark: _Hlk118478850]Proposal 3: The information related to the TA applied as the aggressor UE can be configured to the victim UE to enable the accurate CLI measurement.
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Figure 2: The time offset for reception of SRS at victim UE.
Coordinated scheduling 
The DL/UL blanking/reservation/muting including time/frequency resource for UE-to-UE co-channel CLI handling was discussed in RAN1#110bis-e meeting, while the details of resource indication needs further study. Similar mechanism with rate matching patterns (RMP) can be re-used with potential enhancement for the indication of reserved resources. 
The aggressor UE can avoid transmitting information or the victim UE can avoid receiving information on the reserved resources, by puncturing or rate matching.
[bookmark: _Hlk118478874]Proposal 4: The RMP can be reused with potential enhancement to support UL/DL reserved resource indication.

gNB-to-gNB CLI handling schemes

gNB-to-gNB CLI measurement
It was agreed to further study gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD including the measurement resource configuration, measurement details and the relevant information exchange, by reusing existing DL measurement resource (s) as a baseline. For the gNB-gNB CLI measurement, similar to the UE-UE CLI measurement, the gNB measures the interference level from interfering cell’s DL transmission. The interference can be the total received interference from multiple interfering cells. Meanwhile, the interference can also be the received interference from each interfering cell. In order to identify the interfering source, the interference measurement can be based on the common reference signal such as SSB or other reference signals. In order to perform the gNB-gNB CLI measurement, the measurement resource configuration including the target RS related information such as the RS type and the time/frequency domain resource carrying the RS should be exchanged between the aggressor gNB and victim gNB. The victim gNB can then perform the CLI measurement on the configured time/frequency resource.
One issue related to gNB-gNB CLI measurement is how to guarantee the accurate measurement. The gNB performs CLI measurement on the slots that are configured as UL slots. It is possible some served UEs may be scheduled to perform UL transmission. If the UL transmission is collided with the CLI RS from the aggressor, the accuracy of CLI measurement may be degraded. It was agreed that the uplink resources muting can be further studied to enable an accurate measurement. The resources that is used for perform the CLI measurement can be indicated or configured to the UE. In case a UE is scheduled to perform the UL transmission on the collided resources, UE performs rate matching/muting on the collided resources. 
The other issue is the timing mis-alignment issue between the aggressor gNB and victim gNB. The RS transmitted by the aggressor may have impact on the transmission of two symbols as illustrated in the figure below. Mechanism similar with time alignment for UE-to-UE handling can be further studied.
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Figure 3: Illustration of the mis-aligned timing issue.
Proposal 5: 
For the gNB-gNB CLI measurement:
· The measurement resource configuration should at least include the information related to the target RS type and the time/frequency domain resources carrying the RS.
· UE can be configured/indicated to perform the rate matching around the resources used for interference measurement.
· Mechanism of time alignment for gNB-to-gNB CLI handling should be further studied.

Coordinated scheduling 
The coordination-based solutions are based on the long term measurement results, the gNB can make proper scheduling decisions including adaptation on the time or frequency resource or intended TDD UL/DL configuration for data transmission to avoid severe interference. Meanwhile, the victim gNB can request the required time or frequency domain resource or TDD configuration to avoid the gNB-gNB CLI.
For the time domain resource coordination, it is possible that the victim gNB can request the reserved time resource to protect its UL transmission. For example, some slots can be reserved as “UL” only resource to protect its transmission of the important information. Then the aggressor gNB can set the protected slots as the UL slots to avoid the CLI.
For the frequency domain resource coordination, this is related to the SBFD, the victim gNB can request to reserve some frequency resource to protect its UL transmission. For example, some UL RBs/subbands/RB sets can be reserved to protect its transmission of the important information. Then the aggressor gNB can hold its DL transmission on the reserved UL resources.
For the TDD UL/DL coordination, the inter-gNB exchange of intended UL/DL configuration over Xn interface has been specified in Rel-16. However, only semi-static TDD pattern is expected considering the latency of the Xn interface. Coordinated scheduling based on dynamic TDD pattern need to be further studied. Meanwhile, the SBFD related UL/DL configuration may also be included for the information exchange.  
Proposal 6: The time/frequency domain resources can be reserved to protect the UL transmissions at the victim gNB.
Proposal 7: Dynamic and SBFD related TDD UL/DL configuration can be further studied for coordinated scheduling.

Power control 
For the gNB-gNB CLI, the power control scheme may include the aggressor gNB adjust its DL transmission power to reduce the interference level and the victim UE adjust its UL transmission power to boost its signal strength.
For the case the aggressor gNB adjust its DL transmission power to reduce the interference level, based on the CLI measurement result, the victim gNB can request the wanted DL power level from the aggressor gNB on intended resources. Based on the response on the request from the aggressor gNB, the victim gNB makes proper scheduling grant.
For the case the victim UE adjust its UL transmission power to boost its signal strength, based on the CLI measurement result, the victim gNB configures different power parameters on different sets of resources, the UEs can then adjust its UL transmission power based on the configurations. The power control scheme may need to be updated taking into account the CLI interference level from the aggressor.
Proposal 8: The power adaptation schemes to alleviate the CLI issue can be further studied.

Conclusions
In this contribution, we provide the potential scenario and candidate solutions for the dynamic/flexible TDD, the following proposals are made based on our analysis:
For the UE-to-UE CLI handling:
Proposal 1: The CSI measurement/reporting framework can be reused with potential enhancement to support the L1/L2 CLI measurement/reporting considering the UE processing/reporting delay.
Proposal 2: The L1/L2 based CLI measurement and reporting can be further studied with the following aspects:
· Periodic and aperiodic reporting for SRS-RSRP and CLI-RSSI reporting.
· Processing/reporting delays referring to CSI computation time.
· UCI multiplexing 
Proposal 3: The information related to the TA applied as the aggressor UE can be configured to the victim UE to enable the accurate CLI measurement.
Proposal 4: The RMP can be reused with potential enhancement to support UL/DL reserved resource indication.
For the gNB-to-gNB CLI handling:
Proposal 5: 
For the gNB-gNB CLI measurement:
· The measurement resource configuration should at least include the information related to the target RS type and the time/frequency domain resources carrying the RS.
· UE can be configured/indicated to perform the rate matching around the resources used for interference measurement.
· Mechanism of time alignment for gNB-to-gNB CLI handling should be further studied.
Proposal 6: The time/frequency domain resources can be reserved to protect the UL transmissions at the victim gNB.
Proposal 7: Dynamic and SBFD related TDD UL/DL configuration can be further studied for coordinated scheduling.
Proposal 8: The power adaptation schemes to alleviate the CLI issue can be further studied.
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