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Introduction
In this contribution, we discuss the possible solutions related to potential enhancements on dynamic/flexible TDD[1]. 
Inter-gNB CLI handling
Spatial domain enhancements
In RAN1#112[2], the spatial domain gNB-to-gNB co-channel CLI measurement was discussed and the following agreements were achieved. And more discussion on spatial domain enhancements were conducted in RAN1#112bis-e[3].
	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 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 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 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
Moderator Proposal #13-1 (2)
For evaluation purposes, it can be assumed that for spatial domain handling of gNB-to-gNB co-channel CLI, the preferred/non-preferred DL beams of an aggressor gNB can be exchanged from the victim gNB to the aggressor gNB.
The following aspects are further studied. 
· How the information is used for spatial domain coordination
· Performance gain 
· The potential requirement of scheduler information exchange
· the information exchange delay 


SSB and NZP-CSI-RS are used as CLI measurement resources and resource IDs of SSB and NZP-CSI-RS are exchanged as DL Tx beam information. Based on the exchanged DL Tx beam information, preferred/non-preferred DL beams can be shared among gNBs.
Beam based measurement was already supported between gNB and UE. RSRP or SINR measurements based on SSB or CSI-RS are performed per beam and the maximum number of beams are also configured. The best beam measurement results of each beam above threshold are reported and the number of beams to report is also determined by gNB. It is straightforward to use the same RSRP or SINR measurement of gNB-UE for gNB-to-gNB preferred/non-preferred DL beams determination based on the beam level measurement results.
Proposal 1: Study the benefit and the procedure of information exchange of preferred/no-preferred DL beams considering the following
· Determine preferred/non-preferred DL beams based on beam level RSRP measurements
· A threshold can be used to determine preferred/non-preferred DL beams
Since the geographic locations of gNBs are probably stable, the directions of interference from aggressor gNB may not frequently vary. For the victim gNB, once identifying the preferred/non-preferred directions towards a specific gNB, this kind of information can be effective for a long period. Thus, aperiodic or on-demand gNB CLI measurement is sufficient. Besides, periodic/semi-persistent gNB CLI management could lead higher resource consumption and computation complexity. 
Proposal 2: Aperiodic or on-demand gNB CLI measurement/report could be further investigated for inter-gNB CLI handling.
In RAN1#111, two examples for spatial domain coordination were given. In RAN1#112bis-e, similar discussion on how the information is used for spatial domain coordination was discussed. Preferred/non-preferred beam can be exchanged from victim gNB to aggressor gNB in example 2 and aggressor gNB can transmit signal using/restricting preferred/non-preferred beam to reduce the CLI to victim gNB. Compared with example 1 by only DL beam indication from aggressor gNB, there is more chance to avoid CLI to victim gNB using measurement results exchanged from victim gNB.
Proposal 3: Preferred/non-preferred DL beam is suggested to be used/restricted for aggressor gNB transmission.
Coordinated scheduling
	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 benefit of knowledge among gNBs of configurations such as
· SBFD time/frequency configuration


To alleviate inter-gNB CLI issue, muting scheme is an effective scheme which has already been executed for PRS transmission. Similarly, for handling inter-gNB CLI issue, muting scheme can also be applied for downlink/uplink transmission. Specifically, pseudo-sequence based muting scheme may be favorable. Pseudo-sequence based interference management has already been adopted for the topic of MIMO SRS interference randomization in Rel-18. Besides, the transmissions that can be applied muting operation can be further discussed.
Proposal 4: Support to use pseudo-sequence based muting scheme for inter-gNB CLI handling
Transmission and reception timing
	Agreement
For gNB-gNB co-channel CLI measurement and channel measurement, study the impact on system performance because of CLI measurement inaccuracy at victim gNB due to misalignment between UL timing at victim gNB and DL reception timing at victim gNB of CLI measurement resource transmitted from one or more aggressor gNB.
· Including potential impact on UL performance


[image: ]The misalignment of UL reception time at victim gNB and arrival time of aggressor gNB’s downlink transmissions at the victim gNB is caused by the propagation delay between gNBs and the TA offset of the victim cell shown in Figure 1 assuming both gNBs are synchronized at slot level.
[bookmark: _Ref131084179]Figure 1: Misalignment of transmission and reception timing
TA offset is used to ensure the UL signals of different UEs are received simultaneously at the gNB. In order to reduce the gap between UL reception time and actual arrival time of measurement signal, one possible solution is to configure the UEs of the victim cell with n-TimingAdvanceOffset to 0 or even negative values. n-TimingAdvanceOffset is a cell-specific TA offset which is used for DL-UL switching compensation at gNB. When it is set to 0, an additional guard period between UL symbol to DL symbol is needed. In this case, backward compatibility issues will be found with legacy UE. Besides, different setting of n-TimingAdvanceOffset of the same UE causes overlapping of UL consecutive transmissions. More issues may arise by using TA offset adjustment to solve the misalignment.
Proposal 5: TA adjustment of UEs is deprioritized for transmission and reception timing of gNB-to-gNB CLI measurement in Rel-18 dynamic/flexible TDD.
Co-channel CLI measurement
	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 enhancement of gNB-to-gNB co-channel CLI measurement and/or channel measurement, following options are studied for UL resource muting. 
· Option 1: Transparent UL resource muting method (e.g., avoid the scheduling on measurement resource)
· Option 2: Non-transparent UL resource muting method (e.g., define UL resource muting pattern with one or more RE/RB muting patterns)


In RAN1#112, potential benefit of UL resource muting was agreed to study under UE transparent and non-UE transparent schemes. In RAN1#112bis-e, to move further, UE transparent and non-UE transparent schemes with an example were given. In downlink channel, flexible rate matching on PDSCH is supported in current specification to decrease the impact of PDSCH to other signal/channel with high priority. Similar with downlink channel, uplink resource muting should be only in PUSCH. But for now only consecutive UL RA allocation is support for DFT-s-OFDM PUSCH transmission to keep the low PAPR which will definitely destroyed by RE-level muting pattern. Besides, considering the inaccuracy of CLI measurement due to misalignment between UL timing at victim gNB and DL reception timing from aggressor gNB, the accuracy of RE-level muting pattern is questionable. Also, the complexity of UE will be highly increased if option 2 is supported. Unless significant benefit on evaluation result of option 2 can be observed, option 1 seems to be a more feasible way for UL resource muting.
Proposal 6: Non-transparent UL resource muting method should be deprioritized for enhancement of gNB-to-gNB co-channel CLI measurement.
Inter-UE CLI handling
CLI measurement and reporting
	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 preclude
Moderator Proposal #21-3 
Study whether/how to support subband RSSI measurement and reporting for L1/L2 based UE-to-UE co-channel CLI measurement and report.


For UE-to-UE CLI measurement, we already have SRS resource and RSSI resource for CLI measurement introduced in Rel-16[4] and only high layer CLI measurement/report is supported. Though it was agreed to study L1/L2 UE-to-UE CLI measurement/reporting in last meeting, the potential benefit is still questionable. 
[image: ]
[bookmark: _Ref131084342]Figure 2: Unaligned timing between DL and SRS reception
Timing misalignment shown in Figure 2 is a critical issue for UE-to-UE CLI measurement which makes the results in doubt. As shown in Figure 2, UE2 transmits signal for CLI measurement while UE1 receives the downlink signal from gNB1. The uplink transmission of UE2 will interfere with the downlink reception of UE1 when different slot configurations are configured in the two neighbour cells. Assuming that the downlink transmission of gNB1 and the uplink reception of gNB2 are aligned at T0, and T-1 represent the UL timing at UE2. UE1 receives the downlink signal transmitted by gNB1 at T1, while actual SRS reception timing at UE1 earlier than T1. When UE1 and UE2 are far away from gNB and close to each other, it cannot be guaranteed that the SRS fall within the window that the UE1 normally receives downlink signals, and UE-to-UE CLI measurement cannot be performed accurately. Moreover, when the time offset between the reception of the reference signal and the normal downlink reception beyond the range of the cyclic prefix, UE1 cannot properly estimate the interference caused by UE2's uplink transmission. In this case, the dynamic measurement result is meaningless. 
Observation 1: L1/L2 UE-to-UE CLI measurement cannot be performed accurately because of the timing unalignment issue.
Proposal 7: Study the necessity and benefit of L1/L2 based UE-to-UE CLI measurement and reporting.
In the study of L1/L2 based UE-to-UE co-channel CLI measurement and reporting, CLI measurement resources of Rel-16 are taken into account and CSI-RS framework is set as the baseline. Taking CLI measurement reporting as part of CSI measurement reporting and adding SRS-RSRP and CLI-RSSI into CSI report quantity, CSI reporting framework can be maximum reused and the specification effect is limited. In a similar way, the legacy triggering mechanism for semi-persistent or aperiodic reports can also be reused.
Proposal 8: Taking CLI measurement reporting as a part of legacy CSI reporting in the study of L1/L2 based UE-to-UE CLI measurement and reporting.
Considering the frequency selectivity and SBFD slot configuration of DL/UL subband, subband based CLI measurement and reporting for L1/L2 based UE-to-UE co-channel CLI handling was discussed in RAN1#112bis-e. In CSI-RS measurement report framework, a CSI reporting can be defined as a subset of subbands of the BWP and the size of subbands is configured by RRC signal depending on the BWP size. A bit map of subband is used to configure weather the subband is reported or not. UE is not expected to report CQI/PMI on the subbands if CSI-RS resource is not present per PRB. Differential subband based CSI reporting is used to save overhead. Based on existing CIS frame and taking RSRP and RSSI as CSI report quantities, the subband CLI measurement and reporting are feasible. The only issue should be discussed is the unaligned boundaries between reporting subband and SBFD subbands.
Proposal 9: Taking existing CSI subband reporting as baseline for L1/L2 based UE-to-UE CLI measurement and reporting.
Proposal 10: Unaligned boundaries between reporting subband and SBFD subbands should be further studied.
Spatial domain enhancements
	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


Study on spatial domain coordination method for UE-to-UE co-channel CLI handling was agreed in RAN1#109e[5]. It is easy to configure beam information of CLI measurement resource, using SpatialRelationInfo for aggressor UE and TCL-state for victim UE. But it is not realistic to measure every beams for every UE pairs considering the excessive overhead. Besides, transmission and reception beam are determined based on beam measurement of gNB and UE. CLI measurements and reports should follow the beams used for transmission and reception shown in Figure 3. In UE-to-UE CLI measurement, UE 1 transmits SRS with the same beam used for PUSCH transmission. UE2 and UE3 are configured to measure the CLI measurement resource with the TCI-state which is the same as PDSCH reception. Therefore, the CLI measurement results reported by UE2 and UE3 show the same interference caused by aggressor UE1 transmits uplink signal (PUSCH) while victim UEs receive downlink signal (PDSCH). Hence, there is no need to measure the CLI in every spatial direction either for aggressors or for victims. Meanwhile, the information exchange on best UE pair is enough for gNBs to do scheduling between those UEs, and Rx beam of victim UE reporting is not necessary,.
Proposal 12: Study the feasibility and potential benefit of UE-to-UE co-channel CLI handling based on spatial domain coordination method considering the following
· Use results of beam management of gNB and UE as the baseline
· Exchange information of best UE pairs.
[bookmark: _Ref131084717][image: ]Figure 3: Beam management based CLI measurements and reports
Transmission and reception timing
[bookmark: _GoBack]The issue of transmission and reception timing in UE-to-UE CLI measurement is elaborated in section 3.1. This issue was already discussed in Rel-16 CLI measurement and a constant offset of receiving window was applied to the victim UE to solve the misalignment. The constant offset was implemented by UE and no impact on specification. The other solution discussed Rel-16 was to adjust the TA to decrease the misalignment, but the benefit was uncertain considering the overlapping issue with legacy UE and additional guard symbols. Furthermore, considering multiple victim UEs, it is impossible to adjust the single TA of aggressor UE to make the CLI-SRS fall into receiving windows of all victim UEs.
Proposal 12: TA adjustment of UEs is deprioritized for transmission and reception timing of UE-to-UE CLI measurement in Rel-18 dynamic/flexible TDD. 
Conclusion
In this contribution, we discussed the CLI in scenarios for dynamic/flexible TDD enhancement and possible CLI handling solutions. The observations and proposals are given below:
Observation 1: L1/L2 UE-to-UE CLI measurement cannot be performed accurately because of the timing issue of measurement RS.
Proposal 1: Study the benefit and the procedure of information exchange of preferred/no-preferred DL beams considering the following
· Determine preferred/non-preferred DL beams based on beam level RSRP or RSRQ measurements
· A threshold can be used to determine preferred/non-preferred DL beams
Proposal 2: Aperiodic or on-demand gNB CLI measurement/report could be further investigated for inter-gNB CLI handling.
Proposal 3: Preferred/non-preferred DL beam is suggested to be used/restricted for aggressor gNB transmission.
Proposal 4: Support to use pseudo-sequence based muting scheme for inter-gNB CLI handling
Proposal 5: TA adjustment of UEs is deprioritized for transmission and reception timing of gNB-to-gNB CLI measurement in Rel-18 dynamic/flexible TDD.
Proposal 4: Study the necessity and benefit of L1/L2 based UE-to-UE CLI measurement and reporting.
Proposal 5: Taking CLI measurement reporting as a part of legacy CSI reporting in the study of L1/L2 based UE-to-UE CLI measurement and reporting.
Proposal 6: Non-transparent UL resource muting method should be deprioritized for enhancement of gNB-to-gNB co-channel CLI measurement.
Proposal 7: Study the necessity and benefit of L1/L2 based UE-to-UE CLI measurement and reporting.
Proposal 8: Taking CLI measurement reporting as a part of legacy CSI reporting in the study of L1/L2 based UE-to-UE CLI measurement and reporting.
Proposal 9: Taking existing CSI subband reporting as baseline for L1/L2 based UE-to-UE CLI measurement and reporting.
Proposal 10: Unaligned boundaries between reporting subband and SBFD subbands should be further studied.
Proposal 11: Study the feasibility and potential benefit of UE-to-UE co-channel CLI handling based on spatial domain coordination method considering the following
· Use results of beam management as the baseline
· Exchange information of best UE pairs.
Proposal 12: TA adjustment of UEs is deprioritized for transmission and reception timing of UE-to-UE CLI measurement in Rel-18 dynamic/flexible TDD. 
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