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1. [bookmark: _Ref521334010]Introduction
In the RAN1 #110bis-e meeting[1], the following agreement on the potential enhancement on dynamic/flexible TDD were reached:
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)

In the summary of the DF-TDD in RAN 1 110bis-e[4], there is no agreement on the power control based solution, but there is proposal on this topic:
· Study the feasibility and potential benefits of power domain solution 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, at least includes:
· Details of gNB Tx power adjustment
· Details of UE Tx power control 
· Relevant information exchange
· 
In this contribution, we further provide our studies on potential enhancement on dynamic/flexible TDD, especially the gNB-to-gNB and UE-to-UE CLI measurement and report. Besides, we also provide some views on the power domain solution.
2. gNB-to-gNB CLI measurement and reporting
In RAN1 109-e, 110[2[ and 110bis-e meeting[1], the gNB-to-gNB inter-cell co-channel interference and UE-to-UE inter-cell co-channel interference are considered as the interference scenarios for study of dynamic/flexible TDD, and gNB-to-gNB CLI measurement and reporting is considered as the potential enhancement scheme for the dynamic/flexible TDD. This section discusses our considerations on the gNB-to-gNB CLI measurement and reporting.
  We consider the potential deployment scenarios: two urban macro cells with DL dominant frame structure (DDDSU) and one indoor small cell with UL dominant frame structure (DSUUU) as shown in Figure 1.
[image: ]
[bookmark: _Ref111107635]Figure 1. The deployment scenario of the flexible TDD
2.1. gNB-to-gNB CLI measurement
As shown in  Figure 1, in slot 2, the DL transmission to UE0 in the Macro gNB0 (aggressor) will interfere the UL reception from UE2 in small cell gNB(victim). For mitigating the CLI, the victim gNB should firstly measure the interference from the aggressors. 
Firstly, the SSB can also be considered as a CLI measurement resource. Before the measurement, the SSB configuration should be exchanged between gNBs. For successfully measuring the CLI by using SSB in one slot, the victim gNB should be configured to receive the UL in the same slot, thus the victim gNB can measure the CLI by using SSB, where the SS-RSRP can be used as a measurement results. However, the frequency-domain resource of SSB is only 20MHz. Using SSB for CLI measurement is not enough for the case that the bandwidth is larger than 20MHz. 
The DMRS of PDCCH or PDSCH were proposed as one of the candidates for CLI measurement. From our view, common CORESET or PDSCH conveying system messages, such as SIBx can be considered as the candidates because there are all cell-specific. However, the frequency domain resource of those channels usually occupy a certain number of PRBs, but not cover the whole bandwidth. For example, the maximum number PRB of CORESET0 is 96. Therefore, using DMRS of cell-specific PDCCH or PDSCH for CLI measurement is not enough for the large bandwidth cases.  On the other hand, the UE-specific PDCCH or PDSCH can be allocated the whole bandwidth, but one UE is not always existed. For example, UE0 is scheduled over the whole bandwidth in slot N, while UE1 is scheduled over the whole bandwidth in slot N+1. So, it increase the size of the information to be exchanged between the gNBs. When there are numbers of UEs scheduled by FDM way over the whole bandwidth, the size of such information becomes large, and it is hard for victim gNB to measure the CLI by using the DMRS of different UEs. Therefore, DMRS of PDCCH or PDSCH is not a good candidates for the CLI measurement.
Observation1: Using SSB for CLI measurement is not enough for the case that the bandwidth is larger than 20MHz. DMRS of PDCCH or PDSCH is not a good candidates for the CLI measurement.
Considering the restriction of SSB and per our understanding, the existing CSI-RS for interference measurement (CSI-IM) can be reused for the CLI measurement in the aggressor gNB as a start point. The basic procedure of the periodic CLI measurement are:
· Step1: The configurations of the CSI-IM together with other configuration information should be exchanged between aggressor gNBs and the victim gNBs, for example, by the Xn interface.
· Step2: The CSI-IM is transmitted by the aggressor gNB. For each CSI-IM, it is cell-specific CSI-RS with a unique resource ID, for example, the physical cell ID together with the CSI-IM resource ID.
· Step3: The victim gNB measures the CLI from the aggressors by using the CSI-IM. For the CLI measurement in the aggressor gNB, there is no transmission in the resource element of the CSI-IM. Since there is only UL transmission from the UE2 in the CSI-IM REs. From the victim gNB side, the victim gNB can compare the RSSI of the CSI-IM REs with the RSSI of the other REs, then obtain the CLI from the aggressor gNB.
· Step4: The victim gNB compares the CLI of the aggressor gNB with the CLI threshold. Once it is larger than the threshold, then the victim should record the CLI, and report to the aggressor gNB by the Xn interface according to the CLI report configuration.
· Step5: The aggressor gNB and the victim gNB use the CLI results for the further scheduling. 
For successful measure the CLI, the CSI-IM should be configured in the slot where the two gNB have the opposite directions. The periodic measurement resource can be configured by the aggressor gNB, then the victim gNB measure the CLI at the occasion of the measurement resource. 
The periodic CSI-IM resource is always activated after the configuration, there will be resource waste when there is no CLI exists. Therefore, the measurement resource can be aperiodic or semi-persistent. For example, once the victim gNB detects that there is the reception performance loss in one slot compared with other slots, it can assume that there is CLI exists in this slot. In this case, it can trigger the aggressor gNB to activate the aperiodic or semi-persistent CSI-IM if there is CSI-IM in this slot, or to configure the aperiodic or semi-persistent CSI-IM if there is no CSI-IM in this slot. After the CSI-IM activation or configuration, the aggressor gNB will exchange such information together with the effective time with victim gNB. Then, the victim gNB perform the CSI-I CLI measurement in this slot. Once there is no CLI exists, the victim gNB can trigger the aggressor gNB to release or deactivate the CSI-IM. After the CSI-IM release or deactivate, the aggressor gNB will inform victim gNB together with the effective time about the CSI-IM release and deactivate. 
Proposal 1: The existing CSI-RS for interference measurement (CSI-IM) can be reused for the CLI measurement and report in the D/F-TDD, the measurement resource can be periodic, aperiodic orsemi-persistent.
  In case of several aggressor gNBs, the CSI-IM configurations of the different gNBs should be different, in other words, the resource location of the CSI-IM should not be configured in the same RE, so the aggressor gNB can calculate the CLI from different aggressor gNBs. To achieve this, the CSI-IM configuration information should be exchanged between different aggressor gNBs and victim gNBs, for instance, by Xn interface.  In this case, the information exchange between several gNB can be handled by a central controller. The central controller can be a CU, a master gNB, or OAM.
In reality, the aggressor and the victim will change with the time varies. When the aggressor gNB starts the reception and the victim gNB starts the transmission in the same slots, the aggressor becomes victim, and victim becomes aggressor. Therefore, the CSI-IM should be configured in the DL slot of all the aggressor gNBs. 
Proposal 2: The mechanism of the CSI-RS for interference measurement (CSI-IM) can be extended to the multiple aggressor gNBs case. A central controller can be used to handle the information exchange between gNBs.
CSI-IM is one kind of ZP-CSI-RS where there is no transmit power on the CSI-IM resource. Therefore, the CLI measurement using the CSI-IM have one drawback: the aggressor gNB should transmit other DL data, typically PDSCH, together with the CSI-IM. Otherwise, the victim gNB cannot measure the CLI from the aggressor gNB correctly. Therefore, the NZP-CSI-RS based CLI measurement can be used as another option.
The procedure of the CLI measurement using periodic NZP-CSI-RS are:
· Step1: The configurations of the CSI-RS together with other configuration information should be exchanged between aggressor gNBs and the victim gNBs, for example, by the Xn interface.
· Step2: The CSI-RS resource is transmitted in the aggressor gNB. For each CSI-RS, it is cell-specific CSI-RS with a unique resource ID, for example, the physical cell ID together with the CSI-IM resource ID.
· Step3: The victim gNB measures the CLI RSRP from the aggressors by measuring the CSI-RS. In order to get the precise measurement results, the victim gNB will not schedule the UL transmission in the same resource which is configured as CSI-RS resource by aggressor gNB.
· Step4: The victim gNB compares the CLI RSRP of the aggressor gNB with the CLI threshold. Once it is larger than the threshold, then the victim should record the CLI and report to the aggressor gNB by the Xn interface.
· Step5: The aggressor gNB and the victim gNB use the CLI results for the further scheduling.
Comparing with the measurement using CSI-IM, the victim gNB can directly measure the CLI RSPR by the CSI-RS from the aggressor gNB. For multiple aggressor gNB, the position of the CSI-RS should be configured in different resources or in same resource. For the former one, the CLI from the aggressor gNB can be measured directly, and then report the CLI to the aggressor gNB for further scheduling. However, if the same CSI-RS resource is used, then it will be difficult for the victim gNB to measure the exact CLI RSRP from the aggressor gNB, but only the CLI RSSI instead. Then the victim gNB can use the CLI RSSI for its further scheduling, but cannot help the scheduling of the aggressor gNB. Obviously, the different CSI-RS resource locations have the advantage on measurement precise over same CSI-RS location. 
Similar as the CSI-IM, the CSI-RS for CLI can also be aperiodic or semi-persistent. For example, once the victim gNB detects that the reception performance in one slot decreases compared with other slots, it can assume that there is CLI. In this case, it can trigger the aggressor gNB to configure or to activate the aperiodic/semi-persistent CSI-RS. After the CSI-RS configuration or activation, the aggressor gNB will exchange such information and the effective time with victim gNB. Then, the victim gNB perform the CLI measurement as the configuration. Once there is no CLI exists, the victim gNB can trigger the aggressor gNB to release or deactivate the CSI-RS. After the CSI-RS release or deactivate, the aggressor gNB will inform victim gNB together with the effective time about the CSI-RS release and deactivate.
In case of several aggressor gNBs, the CSI-RS configurations of the different gNBs should be different, in other words, the resource location of the CSI-RS should not be configured in the same RE, so the aggressor gNB can calculate the CLI from different aggressor gNBs. To achieve this, the CSI-RS configuration information should be exchanged between different aggressor gNBs and victim gNBs, for instance, by Xn interface. In this case, the information exchange between several gNB can be handled by a central controller. The central controller can be a CU, a master gNB, or OAM.
In reality, the aggressor and the victim will change with the time varies. When the aggressor gNB starts the reception and the victim gNB starts the transmission in the same slots, the aggressor becomes victim, and victim becomes aggressor. Therefore, the CSI-RS should be configured in the DL slot of all the aggressor gNBs.
Proposal 3: The NZP-CSI-RS can also be used for CLI measurement in order to get more precise measurement results. The measurement resource can be periodic, aperiodic or semi-persistent.
2.2. gNB-to-gNB CLI reporting
After the measurement of the CLI, the CLI information should be reported to the aggressor gNB from the victim gNB. The reporting CLI information include the CLI Received Signal Strength Indicator (CLI-RSSI) or reference signal received power (RSRP). The reported CLI can include both the long-term statistic results and /or the instance results. For the long term CLI results, it is calculated by using the previous long term statistic results and the instance results, and can be calculated by the aggressor gNBs or by the victim gNB. In order to reducing the payload of the reporting data between the aggressor gNB and victim gNB, it is suggested that the long term statistic result been calculated by the aggressor gNB. 
The CLI report can be event-triggered, for example, trigger the CLI report once the CLI is larger than the CLI threshold, or can be periodic. In case the periodic CLI report, there should be considerations on the relationship between the periodicity of CLI resource and the periodicity of CLI report. For example, the one-to-one mapping between the CLI resource and the CLI report. However, there also can be one-to-multiple or multiple-to-one mapping depends on the configurations.
In the dynamic/flexible TDD, one cell is the aggressor gNB in one slot, but becomes victim gNB in another slots. In order to identify the CLI report, the CLI information reporting should include the physical cell ID and the corresponding CSI-RS/CSI-IM ID, then report this CLI information to the correct cells.
Proposal 4: The CLI report including CLI-RSSI or RSRP (if any) can be exchanged between the aggressor gNB and victim gNB. The report can be event-triggered or periodic.
2.3. RAN measurement capabilities
For gNB-to-gNB CLI measurement and reporting, the new gNB measurements: CLI-RSSI and/or CLI-RSRP are needed by the victim gNB. Since the victim gNB may become the aggressor gNB as the time varies, so all the gNB should support the above two new measurement abilities or one of the measurement abilities.
For CLI-RSSI, it is defined as linear average of the total received power (in [W]) observed only in the configured OFDM symbols of the configured measurement time resource(s), in the configured measurement bandwidth from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.
For CLI-RSRP, it is defined as linear average of the power contributions (in [W]) of the resource elements carrying the CLI reference signals (i.e., CSI-RS). CLI‑RSRP shall be measured over the configured resource elements within the considered measurement frequency bandwidth in the configured measurement time occasions.
Proposal 5: The new RAN measurement abilities should be introduced for supporting the CLI measurement and reporting: CLI-RSSI and/or CLI RSRP
3. UE-to-UE CLI measurement and report
In Rel16, the SRS resources may be configured for SRS-RSRP measurement for CLI, the number of the SRS resources one UE can measurement is not more than 32, the number of the SRS resource the UE received per slot is not more than 8 [12]. In Rel18, the above configurations can be used as the start point.
Per our understanding, the basic procedures of the UE-to-UE CLE measurement and report are described as follows:
· Step1: The configurations of the SRS together with other configuration information should be exchanged between the serving gNB of the two UEs by the Xn interface. The SRS configurations of all the potential aggressor UEs should be covered.
· Step2: The SRS configurations of the aggressor UE and the SRS measurement and report configurations of the victim UE are configured by the serving gNB.
· Step3: The aggressor UE transmits the SRS, and the victim UE receives the SRS according to the configurations in the step2. 
· Step4: The victim UE measures the SRS according to measurement configuration, then reports the measurement results to its serving gNB. 
· Step5: The two serving gNBs exchange the measurement results, and use the results for the future scheduling of UEs. 
The SRS can be configured as periodic, aperiodic or semi-persistent. For the aperiodic or semi-persistent SRS, the SRS activation is triggered by victim UE, and goes through the serving gNB of victim UE, the serving gNB of aggressor UE, then reaches to aggressor gNB. The procedure is time-wasted. Therefore, the periodic SRS is the good candidate for UE-UE CLI measurement. The SRS resource introduced in Rel16 can be reused for CLI measurement, but the different sequence ID is used for CLI SRS. Besides, for successful UE-UE CLI measurement, the SRS resource should be configured in the slot that the aggressor UE is configured as UL while the victim UE is DL.
Proposal 6: The Rel16 SRS for UE-to-UE CLI measurement can be considered as the starting point. The SRS configuration in Rel16 can be reused, but introduce the dedicated sequence ID.
In the step4, the victim UE measured the SRS resource from the aggressor UE, then report it, i.e., SRS-RSRP, to its serving gNB. The measurement of the CLI depends on the configuration. However, for the reporting of the CLI measurement results, the detailed report configurations, including report resource configurations, the activation or triggering of the CLI report, the report bit generations and so on should be studied. 
From our perspective, the CLI report on PUSCH or CLI report on PUCCH can be considered as the start point. This is because the CLI measurement and report is similar as the CSI report, using the similar mechanism can save lot of the efforts and also resources. The CLI report can be aperiodic, semi-persistent or periodic, which depends on the configurations. For example, if the SRS for CLI is configured as periodic, then the CLI report should be periodic, semi-persistent or aperiodic. 
The CLI may from multiple aggressor UEs, so the CLI report should also include multiple measurements results for different aggressor UE. The CLI report bit can be generated firstly by the order of the serving cell ID of the aggressor UE, then SRS IDs of the aggressor UE. The CLI report can be attached to the end of the CSI report. However, there will be so many UE in one serving cell, if all the UE are considered as the aggressor UE, then the payload of the CLI report will became much large, which is a big challenge for the CLI  report on the PUCCH or PUSCH. Therefore, the number of the SRS configuration should be limited from the aggressor UEs side, and the number of the CLI report should be limited from the UE side. 
Typically, the UE in the edge of the cell will increase the transmit power in order to make sure the signal can be received by the serving gNB, which may cause the CLI to the UE in other gNBs. So, it is suggested that the UE at the cell edge with the transmit power of the above than one threshold will be considered as aggressor UE, and the SRS resource is configured for those UEs. From the victim UE side, after the measurement of the SRS-RSRP, the CLI with the SRS-RSRP above one threshold will be included in the CLI report, then be reported to it serving gNB.
Proposal 7: the CLI report on PUSCH or CLI report on PUCCH can be considered as the starting point. The number of the CLI report should be limited to a certain value.
4. Power control
In the summary of the DF-TDD in RAN 1 110bis-e[4], the power control based solution was on hold. Here, we provide our views on the power control for mitigate the gNB-gNB CLI.
 The aggressor gNB can use several techniques based on the CLI reporting from victim gNBs in order to decrease the interference to the victim gNBs. The DL power control is one of the candidate solution. By using the power control, the aggressor gNB can reduce the power of the DL transmission according to the CLI measurement results. A power control offset can be introduced, for example, the value can be in the range of [0,-N] dB with a step size of 1dB, N should be evaluated to a feasible value which make sure the guaranteed performance for serving UE. A mapping table between the CLI measurement results and the power control offset can be introduced for power control. This power offset can apply to all downlink channels. However, the power reduction of the common channels, for instance, SSB or PDCCH on CORESET0 will impact the coverage and decrease the overall performance of the whole cell. Therefore, the power offset can only apply to parts channels, such as PDSCH only. 
Proposal 8: The power control can be used for mitigate the gNB-gNB CLI, a mapping table between the CLI measurement results and the power control offset can be introduced for the power control in the aggressor gNB.
5. Conclusion
In this contribution, we discuss about potential enhancements on dynamic/flexible TDD with the following proposal.
[bookmark: _GoBack]Observation1: Using SSB for CLI measurement is not enough for the case that the bandwidth is larger than 20MHz. DMRS of PDCCH or PDSCH is not a good candidates for the CLI measurement.
Proposal 1: The existing CSI-RS for interference measurement (CSI-IM) can be reused for the CLI measurement and report in the D/F-TDD, the measurement resource can be periodic, aperiodic orsemi-persistent.
Proposal 2: The mechanism of the CSI-RS for interference measurement (CSI-IM) can be extended to the multiple aggressor gNBs case. A central controller can be used to handle the information exchange between gNBs.
Proposal 3: The NZP-CSI-RS can also be used for CLI measurement in order to get more precise measurement results. The measurement resource can be periodic, aperiodic or semi-persistent.
Proposal 4: The CLI report including CLI-RSSI or RSRP (if any) can be exchanged between the aggressor gNB and victim gNB. The report can be event-triggered or periodic.
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