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1 Introduction
[bookmark: _Hlk89796625]A new study item named ‘Discussion on subband non-overlapping full duplex’, was approved to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in the RAN#94 e-meeting. The main agenda is to identify applicable and relevant deployment scenarios and to study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD.

2 Discussion on SBFD
Different agreements have been reached in previous meeting i.e., RAN1#112bis. Those agreements are summarized below.

	Agreement
At least for semi-static SBFD, the following two options are viable solutions for frequency location configuration of DL subband(s) and guardband(s) if any.
· Option 1: Frequency locations of DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
· Option 2: The number of RBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
Agreement
If PRG is determined as wideband, study the following two options:
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· FFS: Precoding assumption within and across the two DL subbands
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated.
Agreement
For UE-to-UE CLI-RSSI measurement/report across downlink subbands, study the following methods:
· Method#1: separate CLI-RSSI measurement resources/reports in each DL subband
· Note: supported in existing specifications
· Method#2: CLI-RSSI measure/report in one DL subband only
· Note: supported in existing specifications
· Method#3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
· FFS: report single or separate CLI-RSSI report(s) 
· FFS: details on determination of non-contiguous CLI-RSSI resource allocation 
Agreement
For SBFD-aware UEs, Option 1 with update is agreed for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands for better resource utilization. 
For an RBG that overlaps the subband boundary,
· Option 1 (with update): 
· The Part of the DL RBG inside the DL subband can be used
· The Part of the UL RBG inside the UL subband can be used
Agreement
For semi-static SBFD, a SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband(s) that the UE is aware of.
· FFS: Measurement in guardband for the purpose of CLI measurement
Agreement
· For semi-static SBFD, for a CSI-RS resource which overlaps with SBFD subband boundaries, only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE.
· For semi-static SBFD, for a CSI reporting subband which overlaps with SBFD subband boundaries, CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s).
Agreement
For inter-UE inter-subband CLI measurement, study Method#2 and Method#3 considering:
· Necessity/benefit compared with measurement within DL subband
· Whether/how to estimate CLI from RSRP/RSSI measurements within UL subband / guardband
· Whether UE is required to measure RSRP/RSSI within UL subband and receive DL in DL subband(s) simultaneously
· Whether existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband
· If not, identify the potential impact
Agreement
Study the following options for SBFD operation in SSB symbols.
· Option 1: UL subband cannot be configured in an SSB symbol
· FFS handling of misaligned periodicities between SSB and semi-static SBFD subband time location configuration
· Option 2: An UL subband can be configured in an SSB symbol
· FFS whether/when and/or under which conditions an SBFD-aware UE transmits in the UL subband or may receive SSB in the symbol.
Agreement
· For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and non-SBFD symbols:
· Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
· Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
· Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
· Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
· Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
· Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.
· FFS impact on UE CSI processing and reporting timeline
· Note: Whether the CSI-RS resource can be used for SBFD and non-SBFD symbols may depend on, e.g., gNB implementation of same/different antenna configuration in both symbols. 
· Option 1-1 can be supported according to existing specification by gNB configuration of appropriate periodicities to ensure that the CSI-RS associated with each CSI-ReportConfig is confined to either SBFD symbols or non-SBFD symbols only. But it may restrict the gNB configuration flexibility and enhancements can be considered by additional indication or rules to determine the CSI-RS is valid within one symbol type and is invalid in the other symbol type.
· Option 2-2 can be supported according to existing specification to configure measurement restriction so that UE would not average CSI measurements across SBFD and non-SBFD symbols.



In this contribution, we provide a discussion on the study and enhancements required for implementing SBFD in a network based on the agreements in the previous meetings.

2.1 CSI-RS configuration in SBFD symbols
Typically, the SBFD procedure should not have an impact on the gNB's present systems. According to SBFD configuration, the UE should be able to recognize conflicts and resolve them in accordance with the defined priority rules. The current specification should be applied to the configuration of CSI-RS resources, and the UE should use the SBFD configuration to determine the active portion of each resource. The UE should recognize the overlap using the FDRA for CSI-RS and UL SB indication. If UL SB overlaps with the specified frequency resources configured for CSI-RS reception. In the same way, the CSI-RS reporting configuration need to make use of the current TDD procedure. For SBFD and non-SBFD symbols, separate CSI-ReportConfigs are not required. 
Observation 1: According to the SBFD active time resource indication, the UE shall identify the CSI-RS resource receptions in SBFD and non-SBFD symbol. It should measure the parameters separately for SBFD and non-SBFD symbol, and report the parameters to the gNB.
 Proposal 1: One CSI-ReportConfig is required for both SBD and non-SBFD symbols. gNB is configuring one contiguous CSI-RS resource allocation and UE deriving non-contiguous CSI-RS resource for frequency resource allocation for CSI-RS.
2.2 SSB symbols for SBFD operation
[bookmark: OLE_LINK14]gNB do not aware of the SSB reception of the RRC Connected UE, it cannot guarantee the UL can be transmitted from the UE side. So, UL transmission has a high possibility cannot be sent by UE. Enabling SBFD operation in SSB symbols will affect initial access, particularly for legacy UEs. Inter subband CLI will be experienced by an idle UE performing SSB measurements.
Observation 2: UL transmissions may not be supported by UE given that UE cannot transmit UL and measure SSB simultaneously and gNB does not know when UE is receiving SSB. UL transmission in SSB symbols need to be prioritized.
Proposal 2: We prefer option 2 as UL subband can be configured in an SSB symbol. 
2.3 Enhancement related to cross-link interference (CLI)
UE- UE and gNB-gNB CLI exist in both SBFD and dynamic TDD. However, in SBFD sub-band level CLI is present. Rel. 16 CLI management does not take into account subband level CLI. Hence, measurement at sub-band level is required. It could be useful for a gNB to be informed of the ranges of interferences associated in a DL receiver for UE-to-UE CLI handling, and to execute DL scheduling and data transmission correspondingly. The location of the UL/DL subbands should be carefully chosen to reduce the effect on the UL reception at victim gNB due to DL interference from other aggressor gNBs while taking into account the influence of adjacent channel CLI. Additionally, this can affect victim UE DL reception brought on by other UEs' UL transmission.
Proposal 3: As victim UE subbands are affected by inter cell and inter UE CLI, the victim UEs should measure CLI within those subbands for UE-UE CLI measurement. Victim gNB measures CLI within UL subband for gNB-to-gNB inter-subband CLI handling.
2.4 Guardband between different subbands
A guardband is needed at the gNB to secure UL reception in the UL subband while decreasing the effect of self-interference. Based on the gNB deployment, a very small guardband is required in some cases. However, a guardband may be required from UE perspective to guard the DL reception from inter-UE CLI. As UE is aware of the exact resources for UL and DL, all collisions may be avoided.The frequency resource allocation guardband has no special handling.
Observation 3: Increasing the guardband between the DL and UL improves in decreasing inter-UE CLI. If there are a lot of UEs on the UL subband's edge, the gNB might want a larger guardband, and if very less number of UE at the edge, then the guardband can be smaller.
Proposal 4: There should be a study for measurement of the guardband for the inter-UE CLI measurement as per UE perspective.
2.5 SBFD is slot level or symbol level
Symbol-level SBFD configuration achieves better flexibility than slot-level SBFD configuration and it is compatible with legacy TDD DL/UL configuration. Symbol-level SBFD configuration may or may not increase complexity, depending on whether a UL transmission/DL reception can map to both SBFD and non-SBFD symbols in a slot. Slot level SBFD significantly reduces the number of SBFD occasions. Further, frequent switching across SBFD and non-SBFD is not possible at gNB as the gNB has to make several hardware adjustments.
Observation 4: Symbol level SBFD configuration will have better flexibility than slot level configuration. The complexity will be more in case a single UL /DL transmission is within single symbol with single symbol type. If SBFD operation is possible in a slot, it should be expected that often a number of consecutive SBFD symbols is configured as SBFD or non- SBFD.
Proposal 5: A slot can consist of both SBFD and non-SBFD symbols for SBFD subband configuration.
3 Conclusion
We made the following observations and proposals based on our discussion. 
Observation 1: According to the SBFD active time resource indication, the UE shall identify the CSI-RS resource receptions in SBFD and non-SBFD symbol. It should measure the parameters separately for SBFD and non-SBFD symbol, and report the parameters to the gNB.
 Proposal 1: One CSI-ReportConfig is required for both SBD and non-SBFD symbols. gNB is configuring one contiguous CSI-RS resource allocation and UE deriving non-contiguous CSI-RS resource for frequency resource allocation for CSI-RS.
Observation 2: UL transmissions may not be supported by UE given that UE cannot transmit UL and measure SSB simultaneously and gNB does not know when UE is receiving SSB. UL transmission in SSB symbols need to be prioritized.
Proposal 2: We prefer option 2 as UL subband can be configured in an SSB symbol. 
Proposal 3: As victim UE subbands are affected by inter cell and inter UE CLI, the victim UEs should measure CLI within those subbands for UE-UE CLI measurement. Victim gNB measures CLI within UL subband for gNB-to-gNB inter-subband CLI handling.
Observation 3: Increasing the guardband between the DL and UL improves in decreasing inter-UE CLI. If there are a lot of UEs on the UL subband's edge, the gNB might want a larger guardband, and if very less number of UE at the edge, then the guardband can be smaller.
Proposal 4: There should be a study for measurement of the guardband for the inter-UE CLI measurement as per UE perspective.
Observation 4: Symbol level SBFD configuration will have better flexibility than slot level configuration. The complexity will be more in case a single UL /DL transmission is within single symbol with single symbol type. If SBFD operation is possible in a slot, it should be expected that often a number of consecutive SBFD symbols is configured as SBFD or non- SBFD.
Proposal 5: A slot can consist of both SBFD and non-SBFD symbols for SBFD subband configuration.
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