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Introduction
In Rel-19, a work item on evolution of NR duplex operation for Sub-band full duplex (SBFD) was approved and updated [1], where the objectives identified for the work item are as follows:
	· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded
· Specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode [RAN1, RAN2] 
· Study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [RAN1, RAN2]
· RAN#104 to check whether to proceed normative work
· [bookmark: _Hlk153407590]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol
· Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]: 
· Support gNB-to-gNB CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 
· Specify BS RF requirements for SBFD operation at gNB [RAN4]
· Specify applicable RRM core requirements for CLI handling mechanisms [RAN4]
· Specify other RRM core requirements for SBFD operation, if identified [RAN4]
· Note: RAN3 will not specify enhancements to network signalling to support inter-operator coordination for CLI handling



In RAN1#116-bis meeting [2], the following agreements were made:
	Agreement
A symbol configured as SBFD symbol via cell-specific configuration cannot be reverted to a non-SBFD symbol via any UE-specific configuration or group-common signaling.
A symbol not configured as SBFD symbol via cell-specific configuration cannot be reverted to an SBFD symbol via any UE-specific configuration or group-common signaling.

Agreement
For frequency resource allocation Type 0 for PDSCH or PUSCH in a single slot by DCI based scheduling (without repetition or TBoMS), when an assigned RBG overlaps with the subband boundary, only the PRBs within DL usable PRBs are considered to be valid for PDSCH reception and only the PRBs within UL usable PRBs are considered to be valid for PUSCH transmission.
· SBFD aware UE does not expect to be assigned with a RBG for PDSCH which is fully outside DL usable PRBs or a RBG for PUSCH which is fully outside UL usable PRBs.

Agreement
Study the feasibility and enhancements to support separate power control and/or spatial relation for SRS, PUCCH and PUSCH in SBFD and non-SBFD symbols in different slots, including repetition and non-repetition, by considering existing schemes, e.g. multi-TRP PUCCH/PUSCH repetition schemes.

Agreement
For frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, discuss and decide whether/which of the following options is supported.
· Option 1-1: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only
· FFS: DMRS sequence mapping 
· Option 1-2: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs as legacy
· FFS: DMRS sequence mapping 
· Option 2: Introduce new RB indexing/PRB bundle indexing to ensure VRBs are mapped to DL usable PRBs only.
· Existing VRB-to-PRB mapping is reused
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 
· Option 3: Modify VRB-to-PRB mapping interleaver to ensure VRBs are mapped to DL usable PRBs only.
· Existing RB indexing/PRB bundle indexing is reused
· If the interleaver is not enabled, Option 1-1 or Option 1-2 is used
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 

Agreement
For cell-specific configuration of frequency locations of SBFD subbands,
· Option 1: Cell-specific frequency locations of SBFD subbands are separately configured for each SCS configuration in SCS-SpecificCarrierList.
· For each SCS configuration, the reference starting PRB is the PRB determined by the SCS configuration and offsetToCarrier corresponding to this subcarrier spacing.

Agreement
For an SPS PDSCH configuration without repetitions, if the reception occasions are across SBFD symbols and non-SBFD symbols where each reception occasion has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate resource allocations for SBFD symbols and non-SBFD symbols
· FFS other separate configurations for SBFD symbols and non-SBFD symbols
· Option 2: Single resource configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type
· Option 3: An SPS PDSCH reception occasion overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid 
· Option 4: Only SPS PDSCH reception occasion in one symbol type is valid and SPS PDSCH reception occasion in the other symbol type is invalid 
· Option 5: Only the assigned PRBs within DL usable PRBs in SBFD symbols are considered to be valid for SPS PDSCH
· Other options are not precluded
For a CG PUSCH configuration without repetitions, if the transmission occasions are across SBFD symbols and non-SBFD symbols where each transmission occasion has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate resource configurations for SBFD symbols and non-SBFD symbols
· FFS type 2 CG PUSCH
· FFS other separate configurations for SBFD symbols and non-SBFD symbols
· Option 2: Single resource configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type
· Option 3: A CG PUSCH transmission occasion overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid
· Option 4: Only CG PUSCH transmission occasion in one symbol type is valid and CG PUSCH transmission occasion in the other symbol type is invalid 
· Option 5: Only the assigned PRBs within UL usable PRBs in SBFD symbols are considered to be valid for CG PUSCH 
· Other options are not precluded

Agreement
If link direction indication is not supported nor provided for a SBFD symbol, for collision Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission) in the SBFD symbol for SBFD-aware UEs, reuse the existing collision handling principles in NR for operation on flexible symbols on a single carrier in unpaired spectrum, i.e. UE does not receive DL channel/signal.
· The above does not imply link direction indication is supported
· FFS on dynamically scheduled UL transmission with repetition

Agreement
If link direction indication is not supported nor provided for a SBFD symbol, for collision Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission) in the SBFD symbol for SBFD-aware UEs, reuse the existing collision handling principles and timeline in NR for operation on flexible symbols on a single carrier in unpaired spectrum, i.e. UL transmission is cancelled if cancellation timeline is met.
· The above does not imply link direction indication is supported
· FFS on dynamically scheduled DL reception with repetition

Agreement
For PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PDSCH within a slot has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate FDRA configuration/indications/interpretations for SBFD symbols and non-SBFD symbols
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type 
· Option 3: A PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid, e.g. the PDSCH in the slot is dropped
· Option 4: Only PDSCH in one symbol type is valid and PDSCH in the other symbol type is invalid
· Option 5: For a PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols, only the assigned PRBs within DL usable PRBs are considered to be valid 
· Option 6: gNB does not schedule any PDSCH in SBFD symbols in a slot to be overlapping with PRBs outside DL usable PRBs
· Other options are not precluded
· FFS: Applicable conditions

Agreement
For PUSCH repetition type-A across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PUSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PUSCH within a slot has either all SBFD or all non-SBFD symbols, and for TBoMS across SBFD symbols and non-SBFD symbols in different slots, where each transmission within a slot has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate FDRA configuration/indications/interpretations for SBFD symbols and non-SBFD symbols
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type 
· Option 3: A PUSCH in a slot overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid, e.g. the PUSCH in the slot is dropped/postponed
· Option 4: Only PUSCH in one symbol type is valid and PUSCH in the other symbol type is invalid
· Option 5: For a PUSCH in a slot overlapping with RBs outside UL usable PRBs in SBFD symbols, only the assigned PRBs within UL usable PRBs are considered to be valid 
· Option 6: gNB does not schedule any PUSCH in SBFD symbols in a slot to be overlapping with PRBs outside UL usable PRBs
· Other options are not precluded
· FFS: Applicable conditions




In this contribution, we discuss issues on SBFD Tx, Rx, measurement procedures, including subband time/frequency location indication, UL/DL resource allocations in SBFD/non-SBFD symbols, TBS determination, collision handling, slot collision issues for one UE perspective, and separate TCI control across different symbol types.
Discussion on SBFD TX, RX, measurement procedures
NR supports dynamic/flexible time division duplex (TDD) based on a slot format indicator (SFI) that can be indicated to a group of UEs by a group-common (GC) DCI (format 2_0). In addition, semi-static configurations via tdd-UL-DL-config-common/dedicated can be configured, where the transmission pattern for each slot/symbol can be configured as either of ‘D’ as downlink, ‘U’ as uplink, and ‘F’ as flexible.
Up to NR Rel-18, most practical assumptions for duplexing are half duplex (HD) for both gNB and UE. In Rel-19, enhancements to support full duplex (FD) at least for gNB were proposed and endorsed as the work item, see Figure 1. Moreover, subband non-overlapping FD (SBFD), as illustrated in Figure 2, has been identified as a promising approach, since it offers greatly reduced FD implementation complexity in terms of cancelling self-interference (SI) and mitigating cross-link interference (CLI), at least, at the gNB side.
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Figure 1. Illustration on NR TDD framework based on FD-gNB and HD-UEs in a cell
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Figure 2. Illustration on SBFD configurations including DL/UL subbands

Indication of time and freq. location for subbands in SBFD

[bookmark: _Hlk163050231]SBFD pattern period whether to be integer multiple of TDD period
In RAN1#116 meeting, it was agreed for RRC connected mode UEs that SBFD subband time locations are configured within a period. At least when only one TDD-UL-DL pattern is configured, the period should be down-selected from one of the following options:
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· Option 2: The period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
In our view, Option 2 provides benefits in terms of resource management flexibility at the network side as the network can set up the SBFD pattern period not always to be appeared in every TDD pattern period, which can be decided up to the network implementation. Since Option 2 is a super set of Option 1, we don’t think the restriction by Option 1 brings any benefits, because the network can set the integer multiple value to be 1 if the network wants to configure just as Option 1, under the framework of Option 2.
Observation 1. Option 2 (SBFD period being integer multiple of TDD period) provides benefits in terms of resource management flexibility at the network side as the network can set up the SBFD pattern period not always to be appeared in every TDD pattern period.
Proposal 1. Support Option 2 (SBFD period being integer multiple of TDD period), as Option 2 is a super set of Option 1, and the NW restriction by Option 1 brings no benefits.

SBFD freq. location indication and subband-edge/guardband measurements
In RAN1#116 meeting, it was agreed that the maximum number of UL subbands for SBFD operation in an SBFD symbol within a TDD carrier is one, and the UL subband can be located at one side of the carrier or can be located at the middle part of the carrier. For semi-static indication of SBFD subband frequency location, RAN1 should down-select from the following options:
· Option 1: Frequency locations of UL subband and 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: Frequency location of UL subband and the number of RBs for guardband(s), if any, are explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
According to the agreement, the frequency location of the UL subbands can be at least explicitly indicated. Option 1 is based on explicit indication of DL subbands and implicit deriving of the guardband RBs accordingly. Option 2 is the opposite way where the guardbands are explicitly indicated and DL subbands are determined accordingly.
In our opinion, the frequency locations of the other subband types (e.g., DL subbands) does not need to be indicated explicitly for semi-static SBFD. Considering the dynamic size of RB gaps (e.g., guard-bands) between the UL and DL subbands, explicit indication of the DL subbands may result in some resources left as unused. Instead, one possible way would be the part of RB gaps can be explicitly indicated when needed.
Considering the use-cases where the RB gap between the UL and DL subbands can be selected and indicated dynamically (based on the CLI management purpose at least), the UEs can determine the DL subbands accordingly. As such, a UE that is configured with the UL subbands and the RB gap size, can determine the DL subbands based on the remaining subbands.
Observation 2. In cases with dynamic RB gap (guardband) indication, the DL subbands can be determined based on the indicated UL subbands and the RB gap.
Proposal 2. Support implicit determination on the subband frequency locations of the DL subbands based on the indicated UL subband at least, where a parameter on RB gaps (guardbands) can instead be indicated when needed.

Moreover, it was agreed that for semi-static SBFD configuration, the UE does not transmit or receive on the guard-bands. However, it was left as FFS for the UE being able to measure guard-bands for the purpose of CLI measurement. Considering the pattern of inter-subband CLI in SBFD frameworks, it is beneficial for the victim UE to be able to measure and compare CLI in different subbands and in different frequency granularities. Since the guardbands are the closest bands to the border of the UL and DL subbands, measuring CLI in guardbands can be used as an extreme measure or reference for determining the difference in measured CLI values (e.g., being compared with middle band) to determine the CLI strength. As such, measuring the guardbands for CLI measurement could be beneficial in detecting and estimating the CLI more accurately.
For example, if the difference between the CLI measured at the guardbands or subband-edges with the CLI at the center of the subband is low, this implies that the measured interference is not due to inter-subband CLI and it is most probably originated from another source of interference. However, if the CLI measured at the guardbands (or subband-edge), and subband-center follow a decreasing pattern and the difference between the CLI measured at the guardbands (or subband-edges) with the CLI at the center of the subband is not marginal, this could imply that the measured interference is due to inter-subband CLI and that the pattern could be used for estimating other CLI values. 
Observation 3. Measuring the guardbands for the purpose of CLI measurement could be beneficial in detecting and estimating the CLI across the SBFD subbands.
Proposal 3. Support measurement in guardbands, if configured, for CLI measurement. 

UL and DL resource allocation in SBFD and Non-SBFD symbols
During the study item on NR-Duplex in Rel-18, the UL/DL across SBFD and non-SBFD symbols in different slots were discussed, where the UL and DL include PDSCH, PUSCH, PUCCH repetitions, SPS PDSCH, configured grant PUSCH, TB processing over multi-slot PUSCH (TBoMS), multi-PUSCH or PDSCH scheduled with a single DCI, periodic, semi-persistent SRS, CSI-RS, PUCCH, PDCCH and so forth. 
The common problem among the mentioned UL and DL signals and channels is that they could span over more than one slot, where the different slots may be configured to have SBFD or non-SBFD symbols. That is, the scheduled resources that are configured based on non-SBFD symbols for UL transmission or DL reception could fall outside of UL and DL subbands, respectively, in SBFD configuration.
The first option to be considered is to restrict the transmissions or receptions either to only SBFD symbols or only non-SBFD symbols. Although this option is straightforward and easier for implementation, this could limit the scheduling flexibility as well as degrade the performance promised by SBFD operation, such as higher coverage, lower latency, etc.  
The other option is to allow the transmissions or receptions in both SBFD and non-SBFD symbols. By allowing to use SBFD symbols to the fullest and along with non-SBFD symbols, this option is in line with the objectives proposed for SBFD operation such as enhanced scheduling flexibility, coverage, latency, and so forth.
[Issue on HARQ-ACK/PUCCH in relation with UL subband]
It is important to properly support UL and DL resource allocations in SBFD symbols with UL subbands, which is one of the main objectives for this NR-Duplex feature. In a scenario, a HARQ-ACK/PUCCH transmission that is configured for a SPS PDSCH or by a dynamic-grant based PDSCH could be scheduled in an SBFD slot, where the respective PUCCH resource indicator (PRI) can point to a frequency location that is outside of the SBFD UL subband boundary. As such, the PRI that was originally configured to span the whole BWP in a legacy UL-only slot, may point to a frequency position outside of the SBFD UL subband. This could result in dropping the HARQ-ACK/PUCCH transmission that could lead to increase the latency, which is also one of the main objectives of employing SBFD in NR-Duplex. Alternatively, the UE could be configured with supplementary configurations so that the UE could reinterpret the original PRI to be mapped to different frequency resources inside the SBFD UL subband boundaries.
[Issue on repetition-based transmissions]
In another scenario, repetition-based PUSCH or PDSCH transmissions may be scheduled for a UE, where one or more of the repetitions can be occurred in SBFD slots. Since the SBFD slots include UL subbands, it needs to be addressed whether they could be counted as available slots or not. For example, the UE could decide whether to count the SBFD slots as well, or only count the legacy UL or DL slots as available, based on configurations from gNB. In case the scheduled frequency resources are within the SBFD UL or DL subbands, this should be straightforward for UE to be able to transmit PUSCH or PDSCH repetitions in respective SBFD slots. However, in case the scheduled frequency resources are outside of the SBFD UL or DL subbands’ boundaries, the UE may need further configurations on how to reinterpret the scheduled frequency resources to be mapped within the SBFD boundaries.
Observation 4. In case the scheduled frequency resources for an UL transmission or DL reception are located outside of the boundaries of the SBFD UL or DL subbands, the UE may need further configurations to reinterpret the frequency resources to be mapped within the SBFD UL or DL boundaries, respectively.
In the RAN1#116bis meeting, the following options were agreed to be discussed for multi-PDSCH scheduled by a single DCI and PDSCH repetition across SBFD and non-SBFD slots:
· Option 1: Separate FDRA configuration/indications/interpretations for SBFD symbols and non-SBFD symbols
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type 
· Option 3: A PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid, e.g. the PDSCH in the slot is dropped
· Option 4: Only PDSCH in one symbol type is valid and PDSCH in the other symbol type is invalid
· Option 5: For a PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols, only the assigned PRBs within DL usable PRBs are considered to be valid 
· Option 6: gNB does not schedule any PDSCH in SBFD symbols in a slot to be overlapping with PRBs outside DL usable PRBs

For multi-PUSCH scheduled by a single DCI and PUSCH repetition type A across SBFD and non-SBFD slots, similar options were agreed to be further studied:
· Option 1: Separate FDRA configuration/indications/interpretations for SBFD symbols and non-SBFD symbols
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type 
· Option 3: A PUSCH in a slot overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid, e.g. the PUSCH in the slot is dropped/postponed
· Option 4: Only PUSCH in one symbol type is valid and PUSCH in the other symbol type is invalid
· Option 5: For a PUSCH in a slot overlapping with RBs outside UL usable PRBs in SBFD symbols, only the assigned PRBs within UL usable PRBs are considered to be valid 
· Option 6: gNB does not schedule any PUSCH in SBFD symbols in a slot to be overlapping with PRBs outside UL usable PRBs

Option 1 requires separate FDRA indication and will increase the control signalling overhead. Option 2 can support different FDRA by having one FDRA indication for one symbol type and an offset can be used to determine the FDRA for the other symbol type. This solution can offer different FDRA with reduced overhead in the control signalling. With Option 3 and Option 4, the entire slot or multiple symbols are dropped/considered invalid resulting in reduced resources available for the transmission. This defeats the purpose of full duplex as it does not maximize the resource usage. Option 5 on the other hand considers only the PRBs outside the usable PRBs to be invalid and thus maximizing the resource utilization. Option 6 restricts the scheduling of repetition/multi-slot transmission if one repetition/transmission have PRBs outside the usable PRBs. Similar to Option 3 and Option 4, this option does not maximize the resource usage and defeats the purpose of full duplex.
Proposal 4. For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots, support single FDRA configuration for one symbol type and RB offset(s) to determine resource for the other symbol type (Option 2) and only the assigned PRBs within usable PRBs are considered to be valid (Option 5).

Uplink transmission across SBFD and non-SBFD symbols in a slot
One of the main motivations to support NR duplex is to solve the issue of limited available uplink resources. This limited availability of uplink resources can impact the coverage of uplink transmissions. By having more available resources for uplink, the gNB can schedule longer transmission duration which will help enhancing the decoding performance for UEs in coverage limited scenario. When a slot is configured with both SBFD and non-SBFD symbols, it can be beneficial to use both SBFD and non-SBFD symbols for uplink transmission. The gNB can schedule a UE in limited coverage with both SBFD and non-SBFD symbols to achieve longer transmission duration and thus better performance. 
To obtain such benefits, the usage of both SBFD and non-SBFD can at least be conditioned on, for example, the number of available symbols for SBFD and/or non-SBFD in the slot. When the slot consists of small number of SBFD or small number of non-SBFD symbols, using both SBFD and non-SBFD symbols for the transmission may not bring significant gain because the additional transmission duration from SBFD or non-SBFD symbols will not be significant. For example, adding one or two symbols to the transmission duration will not significantly increase the coverage of the transmission. When the number of SBFD and non-SBFD symbols is high in the slot, it can be beneficial to transmit on both SBFD and non-SBFD symbols since longer duration can be achieved from using SBFD and non-SBFD symbols. To minimize the impact of supporting transmission in both SBFD and non-SBFD symbols, the gNB can configure the UE to use the same frequency domain resource allocation for the entire transmission.
Observation 5. Supporting uplink transmission occupying both SBFD and non-SBFD symbols in a slot can increase the coverage of uplink transmission.
Proposal 5. Support uplink transmission across SBFD and non-SBFD symbols in the same slot. 

Transport Block Size determination in SBFD symbols
When the UE is configured with uplink or downlink transmission within SBFD symbols, there could be some situations where the allocated PRBs for the transmission are outside the DL or UL sub-band. In NR, the UE may drop some of allocated REs for the transmission and perform rate matching on the remaining available resources for the transmission. The existing TBS calculation method is based on counting the total allocated PRBs for the transmission regardless of whether some REs are dropped. While this option can be acceptable for small number of dropped REs, it become problematic for high number of dropped REs. 
Using higher number of PRBs for TBS calculation while using smaller number of PRBs for the actual transmission will impact the decoding performance of the transmission especially for UEs with poor channel conditions. To solve the problem, the TBS calculation can be modified to count only the available PRBs for the transmission when high number of PRBs are dropped. When the number of dropped PRBs is low, the TBS calculation can be based on the total allocated PRBs for the transmission. For example, when the ratio of dropped PRBs is high, the TBS is calculated using the available PRBs and when the ratio of dropped PRBs is low, the TBS is calculated using the total allocated PRBs. 
Observation 6. When high number of scheduled PRBs are dropped due to SBFD, the existing TBS calculation will impact the decoding performance of the DL or UL transmission. 
Proposal 6. Support TBS calculation based on available PRBs for the DL or UL transmission when high number of scheduled PRBs are outside the DL or UL sub-band. 
In the RAN1#116bis meeting, enhancing frequency domain resource allocation Type 1 for PDSCH and TBS calculation in single slot was discussed, and the following options were agreed:
· Option 1-1: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only
· FFS: DMRS sequence mapping 
· Option 1-2: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs as legacy
· FFS: DMRS sequence mapping 
· Option 2: Introduce new RB indexing/PRB bundle indexing to ensure VRBs are mapped to DL usable PRBs only.
· Existing VRB-to-PRB mapping is reused
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 
· Option 3: Modify VRB-to-PRB mapping interleaver to ensure VRBs are mapped to DL usable PRBs only.
· Existing RB indexing/PRB bundle indexing is reused
· If the interleaver is not enabled, Option 1-1 or Option 1-2 is used
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 

With Option 1-1, the existing RB indexing is reused while the legacy TBS determination is modified to count only the assigned PRBs within DL. By excluding the dropped PRBs from TBS determination, the decoding performance will not be impacted. In Option 1-2, both the existing RB indexing and the legacy TBS calculation is reused. As highlighted in Observation 7, the decoding performance can be impacted when the number of dropped PRBs is high. When the number of dropped PRBs is low, Option 1-2 can be acceptable. For Option 2, it requires introducing new RB indexing/PRB bundle indexing only for SBFD slots. When PDSCH repetition is used, two different indexing to be assumed by the UE for SBFD slots and non-SBFD slots. This option is not preferred as it may lead to have different PDSCH resource allocation across the repetitions. Similarly, Option 3 can lead to different resource allocation across slots when repetition is used. It is desirable to have unified solution for both single transmission and repetitions. 
Observation 7. Option 1-2 have high impact on the decoding performance when the number of invalid PRBs is high. When PDSCH repetition is used, option 2 and option 3 can lead to different resource allocation across the slots. 
Proposal 7. For PDSCH frequency domain resource allocation Type 1, at least Option 1-1 is supported. 

Collision Handling
During Rel-18 discussions, it was agreed to study the cases where a UE detects a conflict for the UL and DL operation in the same SBFD symbol. It was also agreed to study the ways to handle the conflicts in case of happening. 
The UEs can handle the conflict in the UL and DL in the same SBFD symbol based on configured prioritizations. For example, the priority could be based on the physical channel priority between the uplink and downlink. For example, PDSCH could have a higher priority than PUSCH. As such, in case a UE is scheduled to receive PDSCH in a SBFD symbol and the UE is also granted for PUSCH transmission in the same SBFD symbol, the UE may determine that downlink has higher priority than uplink. In another example, the UE may prioritize dynamic grant PDSCH over dynamic grant PUSCH without UCI. Alternatively, the UE may give lower priority to a dynamic grant PDSCH than a dynamic grant PUSCH with UCI. Moreover, the UE may consider dynamic grant PDSCH with lower priority than an uplink control channel or signal transmission, such as PUCCH or SRS.
In the last meeting, it was agreed that in general cases the UE applies dynamic grant with higher priority than configured grant, e.g., if a link direction indication is not supported nor provided for a SBFD symbol. In another example case, the UE could determine that the downlink reference signals such as SSB, CSI-RS, PRS, and TRS have higher priority that the transmission of uplink reference signals such as SRS.
Observation 8. In case the UE is configured with physical channel priorities, the UE could use them to handle collisions in SBFD symbols.
Proposal 8. Support configuration of physical channel priorities for handling the collisions in SBFD symbols, including uplink, downlink, control channels, data channels, dynamic grant, configured grant, and so forth.
· Dynamic grant can have higher priority than configured grant, unless an explicit signaling (e.g. link direction indication),
· DL reference signals (e.g., CSI-RS, PRS, TRS) can have higher priority than UL RS (e.g., SRS),
· Dynamic-grant PDSCH can have higher priority than dynamic-grant PUSCH without UCI, whereas dynamic-grant PDSCH can have lower priority than dynamic-grant PUSCH with UCI.

Slot collision issue due to timing advance for one UE perspective
In conventional TDD systems, the UL and DL slots are considered separately in time domain. Therefore, subsequent slots are split in DL-only, UL-only, and flexible slots. The symbols in flexible slots can be scheduled to be used as DL or UL based on received configurations. The flexible symbols can also be used as guard period for timing alignment requirements (e.g., DL/UL switching, UL timing advance (TA)).
In SBFD schemes with one or more subbands allocated for UL transmission in DL slots, a non-zero timing advance or switching time in SBFD could result in slot collision cases. As an example, shown in Figure 3, where the UL signals in UL SBs and DL signals in DL SBs/slots are collided by each other due to timing advance. Also, another example on slot-boundary collision case is shown in Figure 4 that is affecting the SBFD slots due to required switching time for UE between DL and UL that is also a factor for the timing alignment requirements.
For example, especially for a semi-statically scheduled resource (e.g., configured grant PUSCH), every time when UE receives a TA command which affects all related UL transmission including the CG-PUSCH, the UE has to check whether the adjusted/accumulated TA and the switching time requirement result in overlap with DL symbol in a prior DL slot, if scheduled, for SBFD operation. And if any slot-boundary collision happens, the UE does not know which selected one of a DL reception and a UL transmission the UE should perform as scheduled and how to perform the other scheduled one that is currently overlapped in symbols, since the UE performs either DL only or UL only on a given set of symbols as a half-duplex UE. This does not happen in legacy TDD system as there is the flexible slot for this reason at least, while in SBFD operation, it is always possible to face a back-to-back scheduling between DL and UL for one UE perspective.
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Figure 3. Slot collision issue due to timing advance for one UE perspective
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Figure 4. Slot collision issue due to switching time between DL and UL 

While the gNB might address the required timing advance/switching time based on resource allocations and scheduling (e.g., as part of gNB implementation), this requires significantly increased scheduling complexity at the gNB side and also increases the signaling overhead, especially for taking such semi-statically scheduled resources for both DL and UL into account. In another aspect, in case a scheduled (dynamic) grant for UL or DL with high priority is received and if the timing alignment requirement including required Rx/Tx or Tx/Rx switching time is not met, e.g., resulting in some DL/UL overlapped symbols being faced at the UE, this could again result in a severe performance degradation or dropping corresponding slots.
Observation 9. The issues in UL/DL timing alignment (between UL/DL SBs) in SBFD slots could result in slot collision issues for one UE perspective and possible dropping of respective slots, especially for back-to-back scheduling cases between DL and UL. 
In case a UL transmission in SBFD UL subband overrides the symbols from a previous slot (e.g., a legacy ‘D’ slot) due to the non-zero timing advance, the DL scheduled in those symbols results in the slot collision case and may experience inter-subband CLI as well as inter-slot interference. The slot collision issue due to non-zero TA becomes critical, as SBFD framework in Rel-19 has no ‘Special’ slot in-between the legacy D slot and the SBFD slot back-to-back. The slot collision case with the inter-slot interference is more severe for the legacy UEs scheduled in the previous slot for DL reception, as such a timing misalignment results in intra-subband (directly colliding) and inter-slot interference on the symbols close to the end of the DL slot. The legacy UEs may be scheduled to receive SSB, CORESET#0, or DMRS in PDSCH in the symbols that are overridden by the misaligned UL transmission in the UL subband in the right next slot. As such, the performance of legacy UEs may be affected due to the non-zero TA.
Therefore, there should be a means for UE to detect if the allocated UL/DL timing alignment is accurate and enough. In case UE has detected such timing discrepancies, the UE could report the issues along with requesting for adjustment or at least should be able to determine which overlapped portion of either DL symbol(s) or UL symbol(s) can be dropped or punctured. For example, the UE could also determine to include the time required for the timing alignment inside respective UL/DL SB in SBFD slot, where the scheduled UL transmission on the SBFD slot can have a rate-matched or punctured symbol(s) in the front symbol positions of the UL transmission, or alternatively DL symbol(s) can be punctured, which should depend on gNB’s flexible configurations for such UE behaviours. 
Observation 10. The slot collision issue due to non-zero TA from UL transmission in UL subband in SBFD configuration could increase the inter-slot and inter-subband interference including other UEs, specifically on the DL symbols scheduled in the previous slot.
Observation 11. The slot collision issue and the time misalignment due to non-zero TA for an UL transmission in UL subband in an SBFD configuration could affect the legacy UE that is configured to receive critical DL signals such as SSB, CORESET#0, or DMRS close to the end of a preceding DL slot.
Proposal 9. Support methods to handle the slot collision and time misalignment issues due to non-zero TA for a scheduled UL Tx in an SBFD slot, right after the legacy ‘D’ slot back-to-back, e.g., including which channel direction the UE can prioritize and UE reporting on a minimum PUSCH starting symbol to aid gNB’s scheduling. 

SBFD operation in SSB symbols
During the study phase, the support for the SBFD operation in SSB symbols was discussed. Based on the discussions, it was clear that not supporting the SBFD operation in SSB symbols may degrade the performance and objectives of the SBFD operation. 
Contiguous UL subband resources in time domain 
Considering the UL repetition, the contiguous UL subband resources should be provided in time domain. However, in case the SBFD operation is not allowed on SSB symbols, this requires switching to DL-only symbols each time there is an SSB transmission. As such, switching between SBFD symbols and DL-only symbols will affect the resources for UL repetition in SBFD symbols and will degrade the coverage enhancement purposes.
Latency in UL transmission 
In addition to coverage enhancement, one of the objectives in SBFD operation is to reduce latency in UL transmissions. However, in case the SSB symbols are not transmitted in SBFD resources, this will change the TDD model back to DDDSU each time there is an SSB burst transmission. On the other hand, considering SSB transmission in SBFD symbols may improve the latency even in initial access or cell reselection procedures due to availability of resources for sending PRACH preamble and random-access procedures.
Observation 12. In case the SBFD operation is not supported in SSB symbols, the SBFD objectives such as UL coverage enhancement and latency reduction are affected and degraded.
Proposal 10. Support SBFD operation in SSB symbols. 

[bookmark: _Hlk166153961]Separate TCI control across different symbol types (SBFD or non-SBFD)
In the last meeting, it was agreed to study the feasibility and enhancements to support separate power control and/or spatial relation for SRS, PUCCH and PUSCH in SBFD and non-SBFD symbols in different slots, including repetition and non-repetition, by considering existing schemes, e.g. multi-TRP PUCCH/PUSCH repetition schemes.
In our view, reusing existing multi-TRP schemes (up to Rel-18) by re-interpretating the TRP domain into the symbol type domain should be avoided, as the NR-Duplex operation can co-exist with multi-TRP operations in a practical deployment scenario. Therefore, this study on separate TCI control across different symbol types should be considered first based on a single-TRP scenario as baseline. Furthermore, it is desired to consider the unified TCI framework as baseline as many different features up to Rel-18 are based on the unified TCI framework, e.g., LTM, 2TA in Rel-18, asymmetric DL/UL-TRP in Rel-19, and so forth.
For example, the UE may use different indicated TCI-states across time-domain (not across TRP-domain), one for SBFD symbol type, and another for non-SBDF symbol type, under a single-TRP unified TCI framework (Rel-17) as baseline. Extension to a combination of multi-TRP (Rel-18) and NR-Duplex should be a future topic, not within a scope of Rel-19.
Observation 13. For separate TCI control across different symbol types, reusing existing multi-TRP schemes (up to Rel-18) by re-interpretating the TRP domain into the symbol type domain is not a preferred approach, as the NR-Duplex operation can co-exist with multi-TRP operations in a practical deployment scenario.
Proposal 11. Support separate TCI control across different symbol types under a single-TRP scenario with Rel-17 unified TCI framework as baseline, where the UE can use different indicated TCI-states across time-domain (not across TRP-domain, to avoid any impacts to Rel-18 multi-TRP features).

Frequency resource configurations for CSI-RS 
There was an agreement to study the options with regards to frequency indications for the CSI-RS resources. There were two options discussed. The first option is on two contiguous CSI-RS resources that are linked, and Option 2 is on non-contiguous CSI-RS resources. In our opinion, indication and handling two separate contiguous CSI-RS resources may result in practical complications, as all the parameters should then be indicated for the separate resources, causing unnecessary overhead. However, with non-contiguous CSI-RS resources, the resources may be indicated to UE, where UE may use rate-matching or other methods at the UE to exclude frequency resources outside DL subband(s) that are allocated for CSI-RS transmission.
Observation 14. In frequency resource allocation for CSI-RS, the two contiguous CSI-RS resource configurations may result in unnecessary overhead as well as implementation complications.
Proposal 12. Support Option 2-2 with single contiguous CSI-RS resource, where the UE excludes frequency resources outside DL CSI-RS subbands.
The CSI report configuration was also discussed, where the CSI-RS instances could occur in both SBFD and non-SBFD symbols. Multiple options were proposed, where Option 1 and Option 2 address the CSI reporting configuration and the sub-options (Options 1-1, 1-2, 2-1, 2-2) address the associated CSI resource setting aspects. 
In the agreement, Option 1 proposes having two separate CSI report configurations for SBFD and non-SBFD resources. Option 1-1 considers separate CSI-RS resources to be used in SBFD and non-SBFD symbols, where a first CSI report config is used only along with a first CSI-RS in SBFD symbols, and a second CSI report config is used along with a second CSI-RS in non-SBFD symbols. Option 1-2 proposes to use the same CSI-RS for both CSI report configurations, where a first CSI report config is used for CSI reporting in SBFD symbols, and the second CSI report config is used for CSI reporting in non-SBFD symbols. 
Option 2 proposes to have a single CSI report configuration that is associated with both SBFD and non-SBFD symbols. In Option 2-1, two sperate CSI-RS are considered where the first CSI-RS is used only in SBFD symbols and the second CSI-RS is used in non-SBFD symbols, whereas Option 2-2 proposes to use a single CSI-RS in both SBFD and non-SBFD symbols, where the CSI report is determined in different symbols based on whether they are SBFD or non-SBFD symbols.
In general, we don’t see strong motivation to have two CSI-RS configured to measure CSI, even though the CSI measurement may occur in SBFD or non-SBFD symbols. Configuring two CSI-RS not only increases the configuration overhead, but also it degrades CSI-RS resource allocation flexibility to make each CSI-RS resource fit into each symbol type, that unnecessarily requires complicated resource management at the gNB side. As for the SBFD-capable UEs, the UE is already configured and knows if a symbol is SBFD or non-SBFD, so the UE knows how to handle the CSI-RS based on the configured symbols.
Observation 15. Considering two CSI-RS for SBFD and non-SBFD symbols increases the configuration overhead while making the CSI-RS resource allocations, each to be fit into each symbol type, more complicated.
Proposal 13. Support configuring one CSI-RS resource (Option 1-2 or Option 2-2) across SBFD and non-SBFD symbols, which reduces configuration overhead and does not require unnecessarily complicated resource management at the gNB side. 

Conclusion
In this contribution, we discussed issues on SBFD Tx, Rx, measurement procedures, including subband time/frequency location indication, UL/DL resource allocations in SBFD/non-SBFD symbols, TBS determination, collision handling, slot collision issues for one UE perspective, and separate TCI control across different symbol types. From the discussions, we made following observations and proposals:
[2.1	Indication of time and freq. location for subbands in SBFD]
Observation 1. Option 2 (SBFD period being integer multiple of TDD period) provides benefits in terms of resource management flexibility at the network side as the network can set up the SBFD pattern period not always to be appeared in every TDD pattern period.
Proposal 1. Support Option 2 (SBFD period being integer multiple of TDD period), as Option 2 is a super set of Option 1, and the NW restriction by Option 1 brings no benefits.
Observation 2. In cases with dynamic RB gap (guardband) indication, the DL subbands can be determined based on the indicated UL subbands and the RB gap.
Proposal 2. Support implicit determination on the subband frequency locations of the DL subbands based on the indicated UL subband at least, where a parameter on RB gaps (guardbands) can instead be indicated when needed.
Observation 3. Measuring the guardbands for the purpose of CLI measurement could be beneficial in detecting and estimating the CLI across the SBFD subbands.
Proposal 3. Support measurement in guardbands, if configured, for CLI measurement. 
[2.2	UL and DL resource allocation in SBFD and Non-SBFD symbols]
Observation 4. In case the scheduled frequency resources for an UL transmission or DL reception are located outside of the boundaries of the SBFD UL or DL subbands, the UE may need further configurations to reinterpret the frequency resources to be mapped within the SBFD UL or DL boundaries, respectively.
Proposal 4. For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots, support single FDRA configuration for one symbol type and RB offset(s) to determine resource for the other symbol type (Option 2) and only the assigned PRBs within usable PRBs are considered to be valid (Option 5).
[2.2.1	Uplink transmission across SBFD and non-SBFD symbols in a slot]
Observation 5. Supporting uplink transmission occupying both SBFD and non-SBFD symbols in a slot can increase the coverage of uplink transmission.
Proposal 5. Support uplink transmission across SBFD and non-SBFD symbols in the same slot. 
[2.2.2	Transport Block Size determination in SBFD symbols]
Observation 6. When high number of scheduled PRBs are dropped due to SBFD, the existing TBS calculation will impact the decoding performance of the DL or UL transmission. 
Proposal 6. Support TBS calculation based on available PRBs for the DL or UL transmission when high number of scheduled PRBs are outside the DL or UL sub-band. 
Observation 7. Option 1-2 have high impact on the decoding performance when the number of invalid PRBs is high. When PDSCH repetition is used, option 2 and option 3 can lead to different resource allocation across the slots. 
Proposal 7. For PDSCH frequency domain resource allocation Type 1, at least Option 1-1 is supported. 
[2.3	Collision Handling]
Observation 8. In case the UE is configured with physical channel priorities, the UE could use them to handle collisions in SBFD symbols.
Proposal 8. Support configuration of physical channel priorities for handling the collisions in SBFD symbols, including uplink, downlink, control channels, data channels, dynamic grant, configured grant, and so forth.
· Dynamic grant can have higher priority than configured grant, unless an explicit signaling (e.g. link direction indication),
· DL reference signals (e.g., CSI-RS, PRS, TRS) can have higher priority than UL RS (e.g., SRS),
· Dynamic-grant PDSCH can have higher priority than dynamic-grant PUSCH without UCI, whereas dynamic-grant PDSCH can have lower priority than dynamic-grant PUSCH with UCI.
[2.3.1	Slot collision issue due to timing advance for one UE perspective]
Observation 9. The issues in UL/DL timing alignment (between UL/DL SBs) in SBFD slots could result in slot collision issues for one UE perspective and possible dropping of respective slots, especially for back-to-back scheduling cases between DL and UL. 
Observation 10. The slot collision issue due to non-zero TA from UL transmission in UL subband in SBFD configuration could increase the inter-slot and inter-subband interference including other UEs, specifically on the DL symbols scheduled in the previous slot.
Observation 11. The slot collision issue and the time misalignment due to non-zero TA for an UL transmission in UL subband in an SBFD configuration could affect the legacy UE that is configured to receive critical DL signals such as SSB, CORESET#0, or DMRS close to the end of a preceding DL slot.
Proposal 9. Support methods to handle the slot collision and time misalignment issues due to non-zero TA for a scheduled UL Tx in an SBFD slot, right after the legacy ‘D’ slot back-to-back, e.g., including which channel direction the UE can prioritize and UE reporting on a minimum PUSCH starting symbol to aid gNB’s scheduling. 
[2.3.2	SBFD operation in SSB symbols]
Observation 12. In case the SBFD operation is not supported in SSB symbols, the SBFD objectives such as UL coverage enhancement and latency reduction are affected and degraded.
Proposal 10. Support SBFD operation in SSB symbols. 
[2.4	Separate TCI control across different symbol types (SBFD or non-SBFD)]
Observation 13. For separate TCI control across different symbol types, reusing existing multi-TRP schemes (up to Rel-18) by re-interpretating the TRP domain into the symbol type domain is not a preferred approach, as the NR-Duplex operation can co-exist with multi-TRP operations in a practical deployment scenario.
Proposal 11. Support separate TCI control across different symbol types under a single-TRP scenario with Rel-17 unified TCI framework as baseline, where the UE can use different indicated TCI-states across time-domain (not across TRP-domain, to avoid any impacts to Rel-18 multi-TRP features).
[2.4	Frequency resource configurations for CSI-RS]
Observation 14. In frequency resource allocation for CSI-RS, the two contiguous CSI-RS resource configurations may result in unnecessary overhead as well as implementation complications.
Proposal 12. Support Option 2-2 with single contiguous CSI-RS resource, where the UE excludes frequency resources outside DL CSI-RS subbands.
Observation 15. Considering two CSI-RS for SBFD and non-SBFD symbols increases the configuration overhead while making the CSI-RS resource allocations, each to be fit into each symbol type, more complicated.
Proposal 13. Support configuring one CSI-RS resource (Option 1-2 or Option 2-2) across SBFD and non-SBFD symbols, which reduces configuration overhead and does not require unnecessarily complicated resource management at the gNB side. 
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