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In RAN#102 meeting, a new work item on NR duplex evolution was endorsed [1]. The objective of this work item is to standardize the operation of SBFD at the gNB side within a TDD carrier. In the 3GPP RAN1#116bis meeting, several issues were agreed upon, and in this contribution, we provide our views on the remaining issues of SBFD operation.
Semi-static SBFD subband indication
Configuration of SBFD subband 
Regarding the configuration of time and frequency location of SBFD subband to the SBFD aware UEs, the following agreement was achieved during RAN1#116 meeting. 
	Agreement
For RRC connected mode UEs, at least cell-specific configuration on time and frequency (working assumption) location of SBFD subbands is supported within a TDD carrier.
· FFS: Additional support of UE-specific configuration on time and/or frequency locations of SBFD subbands


Furthermore, in RAN1#116bis meeting, the following consensus was reached, focusing on the configuration of SBFD symbols in the time domain via cell-specific signaling. 
	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.



For the time resources configuration of SBFD subbands, the above agreement implies that the SBFD symbols can only be configured with the cell-specific configuration. For example, symbols not configured as SBFD symbols via cell-specific configuration cannot be reverted to SBFD symbols via any UE-specific or group-common signaling. In our view, cell-specific configuration for frequency resources of SBFD subbands can also be considered as a baseline. UE-specific configuration for the time and frequency location of SBFD subbands may increase the signaling overhead for SBFD configuration. However, if UEs group-specific configuration is considered, where a group of UEs share the same configuration, it can reduce the number of signaling required compared to individual UE-specific configuration.
Observation 1: Cell-specific configuration of both time and frequency locations of SBFD subbands to each SBFD-aware UE in a cell can avoid misalignment issues of SBFD subbands in the time and frequency domain.
Proposal 1: Support cell-specific configuration of time and frequency locations of SBFD subbands. 
Proposal 2: Support UEs group-specific configuration of time and frequency locations of SBFD subbands. 
Signaling Design  
The signaling design of semi-static indication of SBFD subband time and frequency location to the SBFD-aware UE, SIB-based signaling and UE dedicated signaling were proposed in RAN1#116 meeting. However, no further discussion was carried out in RAN1#116bis meeting, and no agreement was achieved in this regard. We support both signaling designs. However, there are several other combined signaling methods that can be used to configure the TDD slot format and SBFD operation for UEs within a cell. For instance, the existing TDD-UL-DL-ConfigCommon signaling can be used to configure the TDD slot format for all UEs in the cell, while SIB-based signaling can be used to configure the time and frequency location parameters of SBFD subbands for SBFD-aware UEs. Similarly, SIB-based signaling can be used to align the TDD slot format and configure the time and frequency location parameters, while TDD-UL-DL-ConfigCommon signaling can be used to configure the TDD slot format and time and frequency location parameters. These signaling methods can help optimize the allocation of resources to UEs based on their SBFD capabilities and requirements.
Proposal 3: To configure the time and frequency resources of the SBFD operation for SBFD-aware UEs, the following semi-static signaling options can be considered:
· SIB or UE dedicated signaling can be used to configure the time and frequency resources of the SBFD subbands.
· Combination of signaling: TDD-UL-DL-ConfigCommon signaling can be used to configure TDD slot format for all UEs in a cell.  SIB can be used to configure the time and frequency resources of SBFD subbands for SBFD-aware UEs.
Time Indication 
SBFD periodicity: 
During the RAN1#116 meeting, an agreement was reached regarding the need to define a configured time period for SBFD operation as given below. 
	Agreement:
For RRC connected mode UEs, SBFD subband time locations are configured within a period. At least when only one TDD-UL-DL pattern is configured, the period is 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.
· FFS: Further details
FFS: Details when two TDD-UL-DL patterns are configured



In the RAN1#116bis meeting, no discussion was carried out in this regard. In our view, this is an important issue to consider for further discussion and down selection of one option from the agreed two options.
Option 1 is a straight forward solution for avoiding misalignment issues between SBFD subband period and TDD-UL-DL pattern period and it can also covers the scenarios where two TDD-UL-DL patterns are configured. Furthermore, the TDD-UL-DL pattern period defined in current specification is in the range of {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10}. In order to avoid the misalignment between the TDD-UL-DL pattern period and SBFD period, a mapping table can be defined to align the SBFD subband pattern period with the TDD-UL-DL pattern period. 
Option 2 proposes using an integer multiple of the TDD-UL-DL pattern period for the SBFD operation. However, in some scenarios, this may exceed the range currently defined in the specification. For example, if the configured TDD-UL-DL pattern period is 2ms and it is multiplied by 2, the period of the SBFD operation will be 4ms, which may exceed the limit of the TDD-UL-DL pattern period (such as 2 msec). To make the integer multiple of the TDD-UL-DL pattern period workable, certain rules would need to be defined. For instance, the integer multiple of TDD-UL-DL pattern period can be used only when 2 TDD-UL-DL pattern periods are configured. In addition a set of defined integers can be used to multiply the TDD-UL-DL pattern period.
Observation 2: The same period of SBFD operation with the TDD period can help to avoid misalignment between the SBFD operation and the TDD in time domain. 
Observation 3: when using an integer multiple of the TDD-UL-DL pattern period for SBFD period, the following may be taken into account:
· It can only be used when 2 TDD pattern periods are configured 
· A predefined set of integers can be used to multiply the TDD-UL-DL pattern period

Proposal 4: For SBFD period in a TDD pattern period support option 1, the period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon. 
Time offset: 
In RAN1#116 meeting, it was agreed that the configured SBFD symbols can start from any symbol within a slot and can end in any symbol within a slot. However, no further discussion was carried out in RAN1#116bis meeting for this issue. In our view, the flexibility of SBFD symbols which can start from any symbol within a slot may result in different starting locations of SBFD symbols across different slots. This flexibility may also have an impact on the cross-cell configuration of the SBFD operation in neighboring cells. For instance, when the SBFD operation starts from symbol#0 within slot#0 and symbol#3 within slot#1 in one cell and from symbol#3 within slot#0 and symbol#4 within slot#1 in a neighboring cell, it can lead to interference between the SBFD symbols. In order to solve this issue it may be necessary to specify the starting location of SBFD operation in the time domain. For instance, Symbol-level time offset specifies the starting location of SBFD operation within a slot, and slot-level time offset specifies the location of SBFD operation within a TDD period as shown in figure 1. The value of slot level time offset may depends on the number of slots in the TDD period. For instance, if a TDD period has n slots and the slot-level offset is set to 1, the SBFD operation will start from the 2nd slot within the TDD period. Both symbol level and slot level time offsets can be provided to the SBFD aware UE in the configuration of SBFD operation. 


Figure 1 Symbols level and slots level time offset of SBFD operation within a TDD period 

Observation 4: The flexibility of configuring SBFD symbols within a slot, where SBFD operation can start from any symbol within a slot and end in any symbol within a slot, may potentially create interference to the neighboring cells in the similar slot with different start and end location of SBFD operation. 
 Observation 5: Symbol-level time offset of SBFD operation can specifies the starting location of SBFD operation within a slot, and slot-level time offset specifies the location of SBFD operation within a TDD period. 
Proposal 5: RAN1 to consider the time offset and time period in the configuration of SBFD operation within a TDD period. 
Granularity of SBFD operation in time domain: 
Regarding the granularity of SBFD operation in time domain, the following agreement were achieved in R1#116 meeting.  
	Agreement
A slot can consist of SBFD symbols and non-SBFD symbols.

Agreement
A slot can consist of SBFD symbols and non-SBFD symbols.
For semi-static indication of SBFD subband time location,
· When only one TDD-UL-DL pattern is configured, SBFD symbols are configured in consecutive manner within a TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for only one of the patterns, SBFD symbols are configured in consecutive manner within the TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for both patterns, SBFD symbols are configured in consecutive manner within each TDD-UL-DL pattern period.
· SBFD symbols are configured in DL and/or flexible symbols configured in TDD-UL-DL-ConfigCommon
· The configured SBFD symbols can start from any symbol within a slot and can end in any symbol within a slot.
· referenceSubcarrierSpacing in TDD-UL-DL-ConfigCommon is used as reference SCS.
· FFS details


As agreed, a slot can contain both SBFD and non-SBFD symbols. It is also agreed that the configured SBFD symbols can start from any symbol within a slot and can end in any symbol within a slot. With this configuration, there are two possible cases:
· Case 1: The SBFD operation starts from the beginning of a slot. In this case, there will be one transition between the SBFD operation and the non-SBFD operation, as shown in Figure 2.
· Case 2: The configured SBFD symbols can start from any symbol that is not symbol #0. In this case, there will be two transitions: one from non-SBFD operation to SBFD operation, and the second from SBFD operation to non-SBFD operation, as shown in Figure 3.
Therefore, it may be more appropriate to specify the maximum number of transition points between non-SBFD and SBFD symbols on a per-slot basis rather than for a longer TDD UL/DL period. This would allow for more flexibility in switching between non-SBFD and SBFD operations.



Figure 2 Case 1: Transition from SBFD operation to non-SBFD operation within a slot 



Figure 3 Case 2: Two Transition from non-SBFD to SBFD and SBFD to non-SBFD operations 
Observation 6: When a slot contain both SBFD and non-SBFD symbols and the configured SBFD symbols can start from any symbol within a slot and can end in any symbol within a slot. The following transition between SBFD and non-SBFD operation may happen: 
· Case 1: If the starting symbol of SBFD operation within a slot is symbol#0, one Transition will happen from SBFD operation to non-SBFD operation.
· Case 2: If the starting symbols of SBFD operation within a slot is not symbol#0, two Transitions will happen, one from non-SBFD to SBFD operation, and one from SBFD to non-SBFD operation.  
Proposal 6: Consider the maximum of two transition points between non-SBFD and SBFD symbols within a single slot. 
Frequency Indication 
Frequency Indication 
In Rel-18, it was agreed that the maximum number of UL subbands for SBFD operation in a SBFD symbol within a TDD carrier is one, which can be located at one side of the carrier or it can be located at the middle part of the carrier [2]. This can be assumed similar for Rel-19 SBFD operation. In addition, in Rel-19 the following agreement related to the frequency domain parameters indication of the SBFD subband reached to consensus. 
	Agreement
The subband frequency-domain resources are same across different SBFD symbols within a TDD carrier. Frequency location of cell specific UL subband, and DL subband(s) if explicitly indicated, are indicated with reference to CRB grid.
· RB-level granularity is supported for semi-static indication of SBFD subband frequency location.
· Subject to RAN4 guidance on the size of subband/guardband, if any
· FFS reference starting RB and reference SCS



Size of subbands:
Regarding the size or bandwidth of SBFD subbands, there are several RAN1 factors which may affect the size of SBFD subband. For instance the mismatches between the boundaries of SBFD subbands and the size of RBGs, CSI report subbands, PRGs, and SRS subbands (in case FH is enabled). This may require a lot of specification work to solve the boundary mismatch issues. To avoid these issues and reduce the required specification effort, RAN1 can consider a configurable size for SBFD DL and UL subbands within a TDD carrier or BWP can be studied. The size of the SBFD subbands should be align with the size of RBGs, CSI-report subbands, PRGs, SRS subbands, or any other channel to avoid mismatches and reduce the required signaling. 
Observation 7:  The size or bandwidth of SBFD subbands may affect by the size of RBGs, CSI report subbands, PRGs, and SRS subbands. 
Proposal 7: RAN1 to consider configurable sizes of DL and UL subbands. 
Necessity/Size of guard band
Guardband between DL and UL subband from gNB perspective
A guardband between DL and UL subbands is necessary to consider from the gNB perspective, which can create separation between DL and UL frequency resources. This guardband can be known to the SBFD aware UE implicitly by the explicit configuration of frequency location of DL and UL subband. Regarding the size of the guardband, RAN1 can consider the necessity of the guardband between DL and UL subbands. However, the size of the guardband between DL and UL subbands from the gNB perspective is a decision for RAN4 to make.
Observation 8: From RAN1 perspective, it may be necessary to consider guardbands between the DL and UL subbands. The size of the guardband is the decision for RAN4 to make.
UE specific Guardband for SBFD aware UE
In RAN1#116bis meeting, a conclusion related to the need for UE specific guardbands for SBFD-aware UEs was proposed. However, no consensus was achieved during the meeting regarding this matter.
	Proposed Conclusion:
Send an LS to RAN4 to ask whether or not guardband(s) are needed for SBFD aware UEs and whether or not required guardband sizes for different SBFD aware UEs, if any, within a cell are different. 



In our view, it may not be necessary to consider a separate UE-specific guardband for SBFD-aware UEs. Since the guardband configured between the DL and UL subbands can be known to the SBFD-aware UE, therefore the guardband between DL and UL subbands can be considered as a superset where the UEs can use a guard band according to its capability. Hence, the UE can use the guardband according to their requirements.
Observation 9: It may not be necessary to consider UE-specific guardbands. The guardbands between DL and UL subbands, which are known to the SBFD-aware UE, allow UEs to use a guardband according to their requirements.
UL/DL usable Resources
During the RAN1#116 meeting, two options were agreed for UL/DL usable PRBs within the active UL/DL BWP as given below. However, there was no further discussion on this matter during the RAN1#116bis meeting.
	Agreement
For discussion purpose, UL subband frequency resources within active UL BWP are called UL usable PRBs and DL subband(s) frequency resources within active DL BWP are called DL usable PRBs.
For determining UL/DL usable PRBs, consider the following options.
· Option 1: UL usable PRBs are determined as intersection between cell-specific UL subband and active UL BWP in SBFD symbols. DL usable PRBs are determined as intersection between cell-specific DL subband(s) and active DL BWP in SBFD symbols.
· Option 2: UL/DL usable PRBs are explicitly configured within active UL/DL BWP in SBFD symbols.


For option 1, the intersection may refers to the common PRBs between the two sets of PRBs. For instance, the UL usable PRBs are determined by finding the common PRBs between the cell-specific UL subband and the active UL BWP in the SBFD symbols. Similarly, the DL usable PRBs are determined by finding the common PRBs between the cell-specific DL subband(s) and the active DL BWP in the SBFD symbols. This definition of usable PRBs provided in option 1 is complicated and not aligned with the baseline defined in Rel-18. The baseline emphasizes that the PRBs of the UL/DL subband should be within the bandwidth of the active UL/DL BWP.
For Option 2, the UL and DL usable PRBs are explicitly configured within the active UL and DL BWPs in the SBFD symbols. This is a straightforward solution and aligns with the baseline defined in Rel-18, in which the UL/DL subband PRBs are configured within the bandwidth of the active UL/DL BWP.
Proposal 8: For UL/DL usable PRBS support option 2, the UL/DL usable PRBs are explicitly configured within active UL/DL BWP in SBFD symbols.
TX/RX measurement procedure 
TX/RX measurement behaviors 
CLI measurement within guard band(s)
During the RAN1#116 meeting, the possibility of allowing UE CLI measurements within the guard bands was discussed without reaching any consensus. Furthermore, this issue was not discussed during RAN1#116bis meeting. In our view, allocating specific resources in the guard band can enable CLI measurements; however, the CLI measurements may not be accurate. This is because the RBs in the guard bands may not experience interference. In addition, performing CLI measurements in guard bands may impact the UL/DL transmission performance in the UL/DL subbands.
Observation 10: CLI measurements in guard bands may impact the UL/DL transmission performance in the UL/DL subbands.
Proposal 9: RAN1 to consider precluding the CLI measurements within the guardbands. 
Link direction from UE perspective
For link direction in SBFD symbols, i.e. whether to transmit in UL subband or receive in DL subbands, an agreement was achieved in RAN1#116 meeting with the following two options as given below. However, no further discussion was carried out in RAN1#116bis meeting for down selection in this regard. 
	Agreement
For SBFD-aware UE transmission and reception in an SBFD symbol, consider the following options to determine link direction, i.e. whether to transmit or to receive in the SBFD symbol. 
· Option 1: UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).
· Option 2: link direction is indicated by gNB explicitly.
Other options are not precluded. 



For option 1, the link direction is already determined based on the gNB's scheduled transmissions/receptions. This offers the advantage of collision handling, as it is managed from the gNB side. Option 1 is also aligned with the current specifications, and requires no additional specification work. On the other hand, option 2, where the link direction is explicitly indicated by the gNB, may provide several benefits, such as, with explicit indication, the UE can easily determine whether to transmit or receive in the SBFD symbol. This eliminates the dependence on the UE's configured or scheduled transmissions/receptions. However, option 2 introduces extra signaling for the link direction indication, which can be achieved easily with option 1.
Observation 11: Option 2 for determining the link direction of SBFD-aware UE transmission/reception in SBFD symbols may introduce unnecessary signaling for link direction which can be achieved without signaling.
Proposal 10: For link direction of SBFD aware UE transmission/reception in SBFD symbols, support option 1: UE determines link direction based on configured/scheduled transmission/reception and collision handling 
Physical channel/signal mapped to SBFD and non-SBFD symbols within a slot 
Regarding the physical channel/signal mapping to SBFD and non-SBFD symbols within a slot, the following two options were studied in Rel-18 [2]. 
· Option 1: UE does not transmit or receive the physical channel/signal within the slot.
· Option 2: UE can transmit or receive the physical channel/signal within the slot only under certain conditions.
In the RAN1#116 meeting, the aforementioned options were discussed; however, there was no consensus in this regard. Furthermore, in RAN1#116bis meeting, there was no discussion related to this matter. 
In our view, the potential benefits for option 2 is to reduce the transmission latency especially in case of PDCCH or PUCCH repetition. For instance, if a UE miss the detection of PDCCH in the non SBFD symbols, it need to wait for another monitoring occasion for PDDCH in the upcoming slot. If UE can transmit or receive the physical channel/signal within the slot, the repetition can also be performed in the same monitoring occasions. In case of PUSCH repetition configured for the UE, in option 2, the UL budget can be improved. This is because the maximum symbols in a slot can be used for PUSCH transmission in slot, which is also aligned with objective of study item. Moreover, for option 2, there may not be a significant interruption of transmission/reception during the transition because the transmission direction configured or indicated to a UE or group of UEs is either UL or DL. 
Regarding the condition for option 2, such as phase distortion, it occurs due to the difference in bandwidth between non SBFD and SBFD symbols. However, since the phase distortion occurs in different symbols in the time domain, equalization and phase correction techniques can be employed at the UE side to mitigate these effects
Observation 12: A UE transmits or receives the physical channel/signal mapped to SBFD and non-SBFD symbols within a slot can:  
· Reduce the transmission latency, and improve the UL budget for PUSCH repetition 
· Allow uninterrupted transmission/reception during transitions between the SBFD and non-SBFD symbols. 
· Can handle Phase distortion, using equalization and phase correction techniques at the UE side.

Proposal 11: For a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot, support Option 2: UE can transmit or receive the physical channel/signal mapped to SBFD and non-SBFD symbols within the slot. 

Physical Channel/signals across SBFD and non-SBFD symbols in different slots 
According to WID, it was approved to study further 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. In RAN1#116bis meeting, the following issues were agreed in this regard. 
SPS PDSCH and CG PUSCH across SBFD and non SBFD symbols in different slots
During RAN1#116bis meeting, an agreement regarding the SPS PDSCH and CG PUSCH occasions across SBFD and non-SBFD symbols in different slots without repetition was reached as given below.
	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


For both SBFD PDSCH and CG PUSCH without repetition, in case the reception and transmission occasion across SBFD symbols and non-SBFD symbols within different slots, options 1 and 2 are feasible solutions that can be easily achieved. Option 1 involves separate configuration for resources in SBFD and non-SBFD symbols, and option 2 requires a single configuration of resources for transmission and reception occasion in both symbol types (SBFD symbol and non-SBFD symbols), along with and RB offset(s) to determine the resource for the other symbol type. 
For SPS PDSCH and CG PUSCH configurations without repetitions when the reception and transmission occasions are across SBFD and non-SBFD symbols, options 3, 4, and 5 may restrict the transmission and reception to only one symbol type. While these options allow for dropping transmission or reception across SBFD and non-SBFD symbols, they do not address the issue of configuring time/frequency resources for both symbol types. Therefore, options 1 and 2 are more feasible solutions as compared to options 3, 4, and 5 to address the issue of configuring time/frequency resources across SBFD and non-SBFD symbols.
Proposal 12: Support option 1 and option 2 for SPS PDSCH configuration without repetition, when the reception occasion are across SBFD and non-SBFD symbols within different slots. 
Proposal 13: Support option 1 and option 2 for CG PUSCH configuration without repetition, when the transmission occasion are across SBFD and non-SBFD symbols within different slots. 

PDSCH repetition across SBFD and non-SBFD symbols in different slots  
Regarding the PDSCH repetition across SBFD and non-SBFD symbols in different slots, an agreement was reached during the RAN1#116bis meeting.
	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



For PDSCH repetition across SBFD symbols and non-SBFD symbols and multi-PDSCH scheduling by a single DCI across SBFD and non-SBFD symbols, options 1 and 2 offer easily achievable solutions. Option 1 can be achieved by configuring a new field in the DCI to indicate the PDSCH or its repetition in SBFD symbols, while a similar field in the DCI can be used to indicate the frequency resources in non-SBFD symbols. Option 2 can use the existing field in the DCI for frequency resource indication in non-SBFD symbols, along with an RB offset(s) to determine the resources indication within SBFD symbols.
Options 3, 4, and 5 assume that a single resource configuration can indicate the frequency resources for PDSCH repetition in SBFD and non-SBFD symbols in different slots. Although these options can avoid overlapping issues of PDSCH in SBFD symbols, they do not address the issues of resource indication for both symbol types. Therefore, options 1 and 2 are more feasible solutions compared to options 3, 4, and 5 when it comes to configuring the frequency resources across SBFD and non-SBFD symbols.
As for option 6, gNB can avoid scheduling any PDSCH in SBFD symbols in a slot that would overlap with PRBs outside the DL usable PRBs. This can be achieved through gNB implementation.
Proposal 14: Support both option 1 and option 2 for PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots, as well as multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols.

PUSCH repetition across SBFD and non-SBFD symbols in different slots  
Regarding the PUSCH repetition across SBFD and non-SBFD symbols in different slots, an agreement was reached during the RAN1#116bis meeting.
	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



For PUSCH repetition across SBFD symbols and non-SBFD symbols and for multi-PUSCH scheduling by a single DCI across SBFD and non-SBFD symbols, options 1 and 2 offer easily achievable solutions. Option 1 can be achieved by configuring a new field in the DCI to indicate the PUSCH or its repetition in SBFD symbols, while a similar field in the DCI can be used to indicate the frequency resources in non-SBFD symbols. Option 2 can use the existing field in the DCI for frequency resource indication for PUSCH in non-SBFD symbols, along with an RB offset(s) to determine the resources indication within SBFD symbols.
Options 3, 4, and 5 assume that a single resource configuration can indicate the frequency resources for PUSCH or its repetition in SBFD and non-SBFD symbols in different slots. Although these options can avoid overlapping issues of PUSCH in SBFD symbols, they do not address the issues of resource indication for both symbol types. Therefore, options 1 and 2 are more feasible solutions compared to options 3, 4, and 5 when it comes to configuring the frequency resources across SBFD and non-SBFD symbols.
Similar to the option 6 for PDSCH in SBFD symbols, gNB can avoid scheduling any PUSCH in SBFD symbols in a slot that would overlap with PRBs outside the UL usable PRBs. This can be achieved through gNB implementation.
Proposal 15: Support both option 1 and option 2 for PUSCH across SBFD symbols and non-SBFD symbols in different slots, as well as multi-PUSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols.

FDRA enhancement in SBFD symbols 
FDRA across two DL subband 
PDSCH RA type 1 FDRA across two DL subbands
Type-1 resource allocation in SBFD symbols with two downlink subbands may be challenging, particularly when interleaved VRB-to-PRB mapping is enabled. In order to solve this issue, the following agreement was achieved in the RAN1#116bis meeting.
	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 



For the frequency domain resource allocation type 1 for PDSCH scheduled by DCI, option 1-1, is a feasible solution that can be easily achieved by configuring rate matching around the frequency resources of the UL subband. However, for options 1–2, where the number of PRBs for TBS determination is based on the assigned PRBs as legacy, it may overlap the PRBs of TBS with the PRBs of the UL subband.  Furthermore, in order to achieve option 1-1, rate matching can be configured around the UL subband.  Similarly, option 2 is a straight-forward solution that introduces new RB indexing to ensure VRBs are mapped to DL-usable PRBs. However, if new RB indexing or PRB bundle indexing is utilized, it can be achieved by two RIVs in the DCI field to indicate the frequency resources of the DL subbands, or a single RIV with an additional indication can be used across, which can inform the UE not to use the frequency resources of the UL subband.
Option 3 is defined for a case where the interleaving is enabled for PDSCH resource allocation type 1. For instance, if interleaved VRB-to-PRB mapping is enabled for PDSCH transmission in SBFD symbols, the modified VRB-to-PRB interleaved mapping may avoid the possibility that the VRB bundle may be mapped to a PRB bundle in the UL subband, thus avoiding a frequency resource overlap.
Proposal 16: For PDSCH RA type 1, FDRA across two DL subbands supports the following options:
· 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 invalid and should not be used for PDSCH resource mapping.
· Option 2: Introduce new RB indexing and PRB bundle indexing to ensure VRBs are mapped to DL-usable PRBs only. 
· Option 3: Modify the VRB-to-PRB mapping interleaver to ensure VRBs are mapped to DL-usable PRBs only.
Configuration in SBFD and non-SBFD symbols
Regarding the configuration of SRS, PUCCH, PUSCH on SBFD and non-SBFD symbols in Rel-19 the following objectives were captured in Rel-19 WID. 
	· 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


In RAN1#116bis meeting, separate UL power control parameters, and separate beam/spatial relation on SBFD and non-SBFD symbols for PUSCH, PUCCH, and SRS the following agreement was achieved.
	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.


In our view, the feasibility of separate power control and/or spatial relation for SRS, PUCCH and PUSCH in SBFD and non-SBFD symbols in different slots were studied in study item phase, and majority of the companies support the idea of separate power control and/or spatial relation for SRS, PUCCH and PUSCH in SBFD and non-SBFD symbols in different slots. Furthermore, during the study item phase of SBFD operation the following were studied related to SRS, PUCCH, and PUSCH in SBFD and non-SBFD symbols.
· Separate resource set on SBFD and non-SBFD symbols for, SRS, PUCCH, and PUSCH
· Separate FH parameters on SBFD and non-SBFD symbols for SRS, PUCCH, and PUSCH
· Separate UL power control parameters on SBFD and non-SBFD symbols for SRS, PUCCH, and PUSCH 
· Separate beam/spatial relation on SBFD and non-SBFD symbols for SRS, PUCCH, and PUSCH
Proposal 17: Support separate resource sets, separate FH parameters, separate UL power control parameters, and separate beam/spatial relation for SRS, PUCCH, and PUSCH in SBFD and non-SBFD symbols. 

SRS enhancement in SBFD symbols
According to the current specification TS 38.214, SRS is transmitted periodically with a predefined slot level periodicities and offsets as defined by higher layer parameters periodicityAndOffset-p. If SRS is configured in the UL subband, the network may set the periodicity in a way that the SRS occasion may occurs in both SBFD and non-SBFD symbols. In other words, the SRS may occur in SBFD symbols in a slot configured with SBFD operation, and its periodic counterpart may occur in non-SBFD symbols in a slot where legacy TDD operation is configured. In addition, a single instance of SRS in more than one symbols may cross the boundary of SBFD symbols and occur in both SBFD and non-SBFD symbols within the same slot, and its periodic counterpart may occur in non-SBFD symbols.
Due to the difference in bandwidth of SRS subbands and FH of SRS between SBFD and non-SBFD symbols, the existing configuration may not be appropriate to configure SRS with periodicity that can occur in both SBFD and non-SBFD symbols. To address this issue, there are two possible solutions as given below: 
· Two configurations of SRS can be considered, with one configuration associated with SBFD symbols and the other with non-SBFD symbols. Each configuration can have different SRS parameters (bandwidth and FH) based on the bandwidth of the UL subband and the DL BWP bandwidth, respectively. 
· One configuration of SRS can be considered, that is associated with SRS occurring in both SBFD symbols and non-SBFD symbols. However, this configuration may include two sub-configurations of SRS, where one sub-configuration is associated with SRS occurring in SBFD symbols, and the second sub-configuration is associated with the SRS occurring in non-SBFD symbols.
Observation 13: The existing configuration of SRS may not be suitable for configuring SRS with periodicity that can occur in both SBFD and non-SBFD symbols due to the difference in bandwidth of SRS subbands and FH of SRS. 
Proposal 18: Study the following options for configuration of SRS in SBFD and non-SBFD symbols:
· Two configurations of SRS, one for SRS in SBFD symbols and the other for SRS in non-SBFD symbols.
· One configuration of SRS with separate parameters for SRS in SBFD symbols and non-SBFD symbols. 

Others issues of SBFD operation
Transition time between SBFD and non-SBFD symbols
A transition time may only be necessary on the gNB side when switching between SBFD and non-SBFD symbols. This is because the gNB may need to switch some antenna ports or RF chains from DL transmission to UL reception when switching from non-SBFD to SBFD operation. Therefore, a proper Rx-Tx and Tx-Rx switching time needs to be designed.
One simple solution could be based on reserving a set of antenna ports/RF chains for Tx transmission and another set for Rx reception for a TDD UL/DL time period in which SBFD operation is configured. This may eliminate the need for transition time to switch between non-SBFD and SBFD operation in both semi static SBFD and dynamic SBFD. An alternative solution could be to use the TA offset as a transition time between non-SBFD and SBFD operation and reuse the N_Tx-Rx time of TS 38.211, as given in Table 1 between SBFD and non-SBFD operation, as illustrated in Figure 4. In case the TA offset is considered as zero for transmission in UL subband, the transition time can be based on the gNB implementation, and the gNB could utilize the UL transmission delay as a transition time between non-SBFD operations to SBFD operation at the gNB side, as shown in Figure 5.
Table 1 38.211 - Table 4.3.2-3: Transition time NRx-Tx and NTx-Rx
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792





Figure 4 TA offset and N_Tx-Rx based transition time between SBFD and non-SBFD operation 



Figure 5 UL transmission delay used as transition time between non-SBFD and SBFD operation  
Observation 14: The transition time between SBFD and non-SBFD operation may only be required on gNB side. 
Proposal 19: The transition time between SBFD and non-SBFD operation may use one of the following options based on gNB implementation 
· Reserving antenna ports for DL and UL transmission for a period of SBFD
· Using TA offset and N_Tx-Rx as the transition time 
· Utilizing the UL transmission delay as the transition time 

Legacy UEs operation in SBFD symbols 
When an SBFD-aware UE is configured with semi-static SBFD operation in flexible symbols, it can cause misunderstanding for the legacy UEs in DL subbands. This is because legacy UEs may use the same flexible symbols for UL transmission, leading to collisions between UL transmissions from legacy UEs and DL transmissions from SBFD UEs. To prevent such collisions, we propose to study the behavior of legacy UEs in SBFD symbols. In our view, there are two possible options as explained below 
· In case, if legacy UEs are not allowed to perform any DL reception or UL transmission in SBFD symbols/slots, collisions between legacy UEs and SBFD-aware UEs can be effectively prevented without requiring enhancements to the physical channels. However, this option limits the transmission capabilities of legacy UEs in SBFD symbols/slots, which can negatively impact their performance in DL reception and UL transmission.
· If legacy UEs are allowed to perform DL reception or UL transmission in SBFD symbols, the handling of collisions between opposite direction transmissions from legacy UEs and SBFD-aware UEs can depend on the SBFD configuration in DL or flexible symbols. For instance, if SBFD operation is configured in symbols that are configured as DL in TDD-UL-DL-ConfigCommon, whether to allow the legacy UE to transmit/receive in the SBFD symbols can be left to the gNB implementation. However, if SBFD operation is configured in symbols that are configured as Flexible in TDD-UL-DL-ConfigCommon, it may require to define a procedure that determine whether legacy UEs are allowed to transmit/receive in the SBFD symbols.
Observation 15: If legacy UEs are not allowed to transmit/receive in SBFD symbols, it may increase their latency in DL and UL transmission and negatively impact their performance. 
Observation 16: If legacy UEs are allowed to transmit/receive in SBFD symbols, which are configured as flexible in TDD-UL-DL-ConfigCommon, there is a possibility of transmission collision between the SBFD-aware UEs and legacy UEs.
Proposal 20: RAN1 to study legacy UEs operation/behavior in SBFD symbols.  

Conclusion
In this contribution, we discussed the semi-static indication of time and frequency resources to the SBFD-aware UE, its signaling details, Tx/Rx procedure, FDRA enhancement across two DL subbands, and physical channel mapping to SBFD and non-SBFD symbols within a slot or in different slots. We made the following observations and proposals.

Observation 1: Cell-specific configuration of both time and frequency locations of SBFD subbands to each SBFD-aware UE in a cell can avoid misalignment issues of SBFD subbands in the time and frequency domain.
Observation 2: The same period of SBFD operation with the TDD period can help to avoid misalignment between the SBFD operation and the TDD in time domain. 
Observation 3: when using an integer multiple of the TDD-UL-DL pattern period for SBFD period, the following may be taken into account:
· It can only be used when 2 TDD pattern periods are configured 
· A predefined set of integers can be used to multiply the TDD-UL-DL pattern period

Observation 4: The flexibility of configuring SBFD symbols within a slot, where SBFD operation can start from any symbol within a slot and end in any symbol within a slot, may potentially create interference to the neighboring cells in the similar slot with different start and end location of SBFD operation. 
 Observation 5: Symbol-level time offset of SBFD operation can specifies the starting location of SBFD operation within a slot, and slot-level time offset specifies the location of SBFD operation within a TDD period. 
Observation 6: When a slot contain both SBFD and non-SBFD symbols and the configured SBFD symbols can start from any symbol within a slot and can end in any symbol within a slot. The following transition between SBFD and non-SBFD operation may happen: 
· Case 1: If the starting symbol of SBFD operation within a slot is symbol#0, one Transition will happen from SBFD operation to non-SBFD operation.
· Case 2: If the starting symbols of SBFD operation within a slot is not symbol#0, two Transitions will happen, one from non-SBFD to SBFD operation, and one from SBFD to non-SBFD operation.  
Observation 7:  The size or bandwidth of SBFD subbands may affect by the size of RBGs, CSI report subbands, PRGs, and SRS subbands. 
Observation 8: From RAN1 perspective, it may be necessary to consider guardbands between the DL and UL subbands. The size of the guardband is the decision for RAN4 to make.
Observation 9: It may not be necessary to consider UE-specific guardbands. The guardbands between DL and UL subbands, which are known to the SBFD-aware UE, allow UEs to use a guardband according to their requirements.
Observation 10: CLI measurements in guard bands may impact the UL/DL transmission performance in the UL/DL subbands.
Observation 11: Option 2 for determining the link direction of SBFD-aware UE transmission/reception in SBFD symbols may introduce unnecessary signaling for link direction which can be achieved without signaling.
Observation 12: A UE transmits or receives the physical channel/signal mapped to SBFD and non-SBFD symbols within a slot can:  
· Reduce the transmission latency, and improve the UL budget for PUSCH repetition 
· Allow uninterrupted transmission/reception during transitions between the SBFD and non-SBFD symbols. 
· Can handle Phase distortion, using equalization and phase correction techniques at the UE side.

Observation 13: The existing configuration of SRS may not be suitable for configuring SRS with periodicity that can occur in both SBFD and non-SBFD symbols due to the difference in bandwidth of SRS subbands and FH of SRS. 
Observation 14: The transition time between SBFD and non-SBFD operation may only be required on gNB side. 
Observation 15: If legacy UEs are not allowed to transmit/receive in SBFD symbols, it may increase their latency in DL and UL transmission and negatively impact their performance. 
Observation 16: If legacy UEs are allowed to transmit/receive in SBFD symbols, which are configured as flexible in TDD-UL-DL-ConfigCommon, there is a possibility of transmission collision between the SBFD-aware UEs and legacy UEs

Proposal 1: Support cell-specific configuration of time and frequency locations of SBFD subbands. 
Proposal 2: Support UEs group-specific configuration of time and frequency locations of SBFD subbands. 
Proposal 3: To configure the time and frequency resources of the SBFD operation for SBFD-aware UEs, the following semi-static signaling options can be considered:
· SIB or UE dedicated signaling can be used to configure the time and frequency resources of the SBFD subbands.
· Combination of signaling: TDD-UL-DL-ConfigCommon signaling can be used to configure TDD slot format for all UEs in a cell.  SIB can be used to configure the time and frequency resources of SBFD subbands for SBFD-aware UEs.
Proposal 4: For SBFD period in a TDD pattern period support option 1, the period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon. 
Proposal 5: RAN1 to consider the time offset and time period in the configuration of SBFD operation within a TDD period. 
Proposal 6: Consider the maximum of two transition points between non-SBFD and SBFD symbols within a single slot. 
Proposal 7: RAN1 to consider configurable sizes of DL and UL subbands. 
Proposal 8: For UL/DL usable PRBS support option 2, the UL/DL usable PRBs are explicitly configured within active UL/DL BWP in SBFD symbols.
Proposal 9: RAN1 to consider precluding the CLI measurements within the guardbands. 
Proposal 10: For link direction of SBFD aware UE transmission/reception in SBFD symbols, support option 1: UE determines link direction based on configured/scheduled transmission/reception and collision handling 
Proposal 11: For a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot, support Option 2: UE can transmit or receive the physical channel/signal mapped to SBFD and non-SBFD symbols within the slot. 
Proposal 12: Support option 1 and option 2 for SPS PDSCH configuration without repetition, when the reception occasion are across SBFD and non-SBFD symbols within different slots. 
Proposal 13: Support option 1 and option 2 for CG PUSCH configuration without repetition, when the transmission occasion are across SBFD and non-SBFD symbols within different slots. 
Proposal 14: Support both option 1 and option 2 for PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots, as well as multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols.

Proposal 15: Support both option 1 and option 2 for PUSCH across SBFD symbols and non-SBFD symbols in different slots, as well as multi-PUSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols.
Proposal 16: For PDSCH RA type 1, FDRA across two DL subbands supports the following options:
· 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 invalid and should not be used for PDSCH resource mapping.
· Option 2: Introduce new RB indexing and PRB bundle indexing to ensure VRBs are mapped to DL-usable PRBs only. 
· Option 3: Modify the VRB-to-PRB mapping interleaver to ensure VRBs are mapped to DL-usable PRBs only.
Proposal 17: Support separate resource sets, separate FH parameters, separate UL power control parameters, and separate beam/spatial relation for SRS, PUCCH, and PUSCH in SBFD and non-SBFD symbols. 
Proposal 18: Study the following options for configuration of SRS in SBFD and non-SBFD symbols:
· Two configurations of SRS, one for SRS in SBFD symbols and the other for SRS in non-SBFD symbols.
· One configuration of SRS with separate parameters for SRS in SBFD symbols and non-SBFD symbols.

Proposal 19: The transition time between SBFD and non-SBFD operation may use one of the following options based on gNB implementation 
· Reserving antenna ports for DL and UL transmission for a period of SBFD
· Using TA offset and N_Tx-Rx as the transition time 
· Utilizing the UL transmission delay as the transition time 

Proposal 20: RAN1 to study legacy UEs operation/behavior in SBFD symbols.  
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