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Introduction
[bookmark: P3]In this contribution, we share some discussions about subband non-overlapping full duplex (SBFD).
Discussion
[bookmark: Proposal1]Discussion on Cross Link Interference management
Referring to R1-2205540, consideration of 11 types of interference, which includes conventional interference and SBFD-specific interference, was agreed.
	Agreement
For discussion for duplex evolution study (all agenda items), consider the following as the common understanding in RAN1 on the definition of interference types for SBFD operation:
· gNB self-interference (SI): Interference caused by DL transmission on a set of DL RBs in a carrier to UL reception on a set of UL RBs in the same carrier at the gNB side, where the two RB sets are non-overlapping in frequency.
· gNB-UE co-channel intra-subband interference: This is the same as the legacy DL interference type in legacy TDD network with static TDD UL/DL configuration.
· UE-gNB co-channel intra-subband interference: This is the same as the legacy UL interference type in legacy TDD network with static TDD UL/DL configuration.
· (inter-cell) inter-site gNB-gNB co-channel intra-subband CLI: CLI caused by DL transmission of the aggressor gNB on a set of RBs in one carrier to UL reception of the victim gNB in a different site on the same set of RBs in the same carrier.
· (inter-cell) co-site inter-sector co-channel intra-subband CLI: CLI caused by DL transmission of the aggressor gNB on a set of RBs in one carrier to UL reception of the victim gNB in another sector of the same site on the same set of RBs in the same carrier.
· (inter-cell) UE-UE co-channel intra-subband CLI: CLI caused by UL transmission of the aggressor UE on a set of RBs in one carrier to DL reception of the victim UE on the same set of RBs in the same carrier. 
· (inter-cell) inter-site gNB-gNB co-channel inter-subband CLI: CLI caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to UL reception of the victim gNB in a different site on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· (inter-cell) co-site inter-sector co-channel inter-subband CLI: CLI caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to UL reception of the victim gNB in another sector of the same site on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· (intra-cell/inter-cell) UE-UE co-channel inter-subband CLI: CLI caused by UL transmission of the aggressor UE on a first set of RBs in a carrier to DL reception of the victim UE on a second set of RBs in the same cell or neighboring cell in the same carrier, where the two RB sets are non-overlapping in frequency.
· gNB-gNB adjacent-channel CLI: CLI caused by DL transmission of the aggressor gNB in a carrier to UL reception of the victim gNB in another adjacent carrier.
· This includes adjacent-channel CLI between gNBs in the same and different sectors of the same site, i.e., co-site intra and inter-sector adjacent-channel CLI.
· UE-UE adjacent-channel CLI: CLI caused by UL transmission of the aggressor UE in a carrier to DL reception of the victim UE in another adjacent carrier.
Note: Some of the interferences may not be used according to the deployment scenarios, e.g, whether the SBFD subband configurations are the same or different across gNBs.
Note: This does not imply we need to consider all the above interference types in evaluation for SBFD



Referring to R1-2205520, many companies proposed to study enhancements on UE-UE co-channel inter-subband CLI handling for SBFD operation in RAN1#109-e. Although, the proposal shown below was not agreed, most of companies who had concern on the proposal did not deny the enhancement of Rel-16 CLI measurement and reporting. The concerns were that this proposal may restrict the potential enhancements in Rel-18 to the solutions based on Rel-16 mechanism.
	Proposal 5-3: 
Study whether enhancements to Rel-16 CLI measurement and reporting are beneficial for SBFD operation.



In the previous meeting, L1/L2 based CLI measurement was proposed because L3 measurement requires longer measurement time than that of L1/L2 due to the presence of measurement gap and L3 filtering. In SBFD operation, UE-UE co-channel CLI occurs between not only inter-cell UEs but also intra-cell UEs. Since UE-UE co-channel CLI interference occurs only between inter-cell UEs in dynamic TDD operation, more frequent CLI measurements are required for SBFD operation than dynamic TDD operation. Therefore, we believe that Rel-16 mechanism doesn’t work well and reducing the time of CLI measurement is beneficial for SBFD operations.
In addition, blind detection of timing offset is required when UE-UE CLI measurement is conducted, because UE sends the SRS for CLI measurement whose timing is advanced so as to be aligned to gNB’s reference timing and signal processing of timing-advanced SRS depends on UE implementation in release 16 as stated in TR 38.133. Therefore, time-consuming procedure such as correlation calculation is required for blind detection of SRS reception timing and it seems disadvantageous to frequent CLI measurements. Therefore, adjusting the transmission timing of SRS for CLI measurement or notifying the reception timing of SRS for CLI measurement can reduces the computation time of CLI measurement.
Observation 1:
· In SBFD operation, UE-UE co-channel CLI occurs between not only inter-cell UEs but also intra-cell UEs. Therefore, frequent CLI measurements are required for the case of SBFD operation.
Proposal 1:
· Study enhancement of CLI measurement in Rel.16 for SBFD operation, i.e. L1/L2 based CLI measurement.
Proposal 2:
· Study timing alignment for CLI measurement to reduce the computational complexity at a UE for SBFD operation.
The gNB self-interference and UE-UE co-channel inter-subband CLI are partly caused by the misalignment of FFT timing between DL signal and UL signal timing. Fig. 1 shows the schematic of timing relationships in SBFD operation, where gNB-UE distances are almost the same among UEs. If  is not set to be zero, FFT timing between UL signal from UE2 and DL signal doesn’t align at gNB, which causes inter-subband interference to UL signal. If  is set to be zero, FFT timing of UL signal and DL signal aligns, therefore inter-subband interference could be suppressed, However misalignment of FFT timing still remains on UE-UE co-channel inter-subband CLI.
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Figure. 1. Tx/Rx timing in SBFD operation
Observation 2:
· In SBFD operation, misalignment of FFT timing is one of the sources for gNB self-interference, and it could be suppressed by adjusting timing advance offset of UEs, however, UE-UE co-channel inter-subband CLI still remains.
[bookmark: _Hlk111060352]Some companies propose to measure UE-UE co-channel inter-subband CLI at a UE, i.e. leakage from UL subband to DL subband, because the CLI-RSRP is measured in UL subband. In case of inter-subband interference measurement, we can only calculate interference power from all sources, that is, only RSSI is available for inter-subband interference measurement. In CLI-aware gNB scheduling, gNB allocates DL UE and UL UE so that the strength of co-channel inter-subband CLI between allocated UEs becomes small. Therefore gNB wants to know not only the strength of interference but also the source of interference. The strength of UE-UE co-channel inter-subband CLI is proportional to UE-UE co-channel intra-subband CLI, where intra-subband CLI can be calculated by CLI-RSRP. Therefore, if the ratio of inter-subband CLI to intra-subband CLI is assumed, we can estimate UE-UE co-channel inter-subband CLI by CLI-RSRP. It seems beneficial for mitigation of UE-UE co-channel inter-subband interference, because CLI-RSRP can identify the source of interference.
Observation 3:
· In UE-UE co-channel inter-subband CLI, only CLI-RSSI is available, which cannot be used to identify problematic UEs and detect of the amount of UE-UE interference. If the ratio of inter-subband CLI to intra-subband CLI is assumed, we can estimate UE-UE co-channel inter-subband CLI by CLI-RSRP. It seems beneficial for mitigation of UE-UE co-channel inter-subband interference, because CLI-RSRP can identify the source of interference.


Conclusion
In this contribution, we provide our views on subband non-overlapping full duplex with following observations and proposals:
Observation 1:
· In SBFD operation, UE-UE co-channel CLI occurs between not only inter-cell UEs but also intra-cell UEs. Therefore, frequent CLI measurements are required for the case of SBFD operation.
Proposal 1:
· Study enhancement of CLI measurement in Rel.16 for SBFD operation, i.e. L1/L2 based CLI measurement.
Proposal 2:
· Study timing alignment for CLI measurement to reduce the computational complexity at a UE for SBFD operation.
Observation 2:
· In SBFD operation, misalignment of FFT timing is one of the sources for gNB self-interference, and it could be suppressed by adjusting timing advance offset of UEs, however, UE-UE co-channel inter-subband CLI still remains.
Observation 3:
· In UE-UE co-channel inter-subband CLI, only CSI-RSSI is available, which cannot be used to identify problematic UEs and detect of the amount of UE-UE interference. If the ratio of inter-subband CLI to intra-subband CLI is assumed, we can estimate UE-UE co-channel inter-subband CLI by CLI-RSRP. It seems beneficial for mitigation of UE-UE co-channel inter-subband interference, because CLI-RSRP can identify the source of interference.
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