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Introduction
[bookmark: _GoBack]In RAN1#110 meeting [1], the following agreements were made on the dynamic TDD:
Agreement
Study the feasibility and potential benefits of gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource configuration
· Measurement details
· Relevant information exchange
· Usage of measurement

Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB

R1-2207883	Summary #3 of potential enhancement on dynamic/flexible TDD	Moderator (LG Electronics)

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

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
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 interfering cells, the L3 measurement and periodic reporting may not be enough to accommodate the dynamic changes of the interference level. Meanwhile, Rel-16 CLI only specify 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.

Candidate solution for Rel-18 dynamic/flexible TDD
gNB-gNB CLI handling

The following methods were identified as candidate potential enhancement methods for further study:
· 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

gNB-gNB CLI measurement
It was agreed to further study the feasibility and potential benefits of gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD including the measurement resource configuration, measurement details and the relevant information exchange. 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 measurement is how to guarantee accurate gNB-gNB measurement. The gNB performs CLI measurement on the slots that is 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. Thus, the UL rate matching/cancellation may be needed. The resources that is used for perform the CLI measurement can be indicated or configured to the UE. Meanwhile, the RS pattern from the aggressor gNB for the purpose of interference measurement may need to be exchanged between the aggressor gNB and victim gNB which may requires signaling support over the Xn interface.
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. The network listening based interference measurement can be further studied.
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Figure 2: Illustration of the mis-aligned timing issue.



Proposal 1: 
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.
· The UE can be configured/indicated to perform the rate matching around the resources used for interference measurement.
· Network listening based interference measurement can be further studied.

Coordinated scheduling 
The coordination based solutions is based on the long term measurement results, the gNB can make proper scheduling decisions including adaptation on the time or frequency resource for data transmission to avoid severe interference. Meanwhile, the victim gNB can request the required time or frequency domain resource 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.
Proposal 2: The time/frequency domain resources can be reserved to protect the UL transmissions at the victim gNB.

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 3: The power adaptation schemes to alleviate the CLI issue can be further studied.



UE-UE CLI handling
Similarly, the following methods were identified as candidate potential enhancement methods for further study:
· 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

Accurate CLI measurement is necessary to enable CLI handling. CLI measurement and reporting by the UE had been specified in Rel-16 which was a long term measurement. gNB can make proper scheduling decisions based on the long term measurement. However, for the UE-UE CLI measurement, if the TDD pattern of the interfering cells can be dynamically changed, the interference level may be varying. In this sense, dynamic CLI measurement can be studied. UE can compete for the transmission opportunity based on the instantaneous measurement similar to the LBT-like mechanism when operating on unlicensed spectrum. The instantaneous measurement can be either based on energy detection, or signal detection. 
Proposal 4: Potential enhancements to UE-to-UE CLI measurement/reporting such as dynamic UE CLI measurement and reporting should be prioritized in the study.

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 gNB-gNB CLI handling:
Proposal 1: 
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.
· The UE can be configured/indicated to perform the rate matching around the resources used for interference measurement.
· Network listening based interference measurement can be further studied.
Proposal 2: Some time/frequency domain resources can be reserved to protect the UL transmissions at the victim gNB.
Proposal 3: The power adaptation schemes to alleviate the CLI issue can be further studied.

For the UE-UE CLI handling:
Proposal 4: Potential enhancements to UE-to-UE CLI measurement/reporting such as dynamic UE CLI measurement and reporting should be prioritized in the study.
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