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1. Introduction
At the SI phase, the evolution of NR duplex operation, including its feasibility and performance, has been extensively studied and captured in TR 38.858[2]. Based on the findings in TR 38.858[1], at RAN#102 a new work item [2] was approved. This contribution discusses aspects related to SBFD TX/RX/measurement procedures and provides corresponding proposals.
2. SBFD subband indication
2.1  semi-static indication of time domain location
· one TDD-UL-DL pattern
For semi-static indication of time locations of SBFD subbands, configuration of SBFD subband time locations within a period was agreed as a baseline at the SI phase. When one TDD-UL-DL pattern is configured, the following agreement was made at RAN1#116.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

For Option 1, a same distribution of SBFD symbols has to be applied over every TDD-UL-DL pattern period. In contrast, Option 2 has the flexibility to configure SBFD symbols every K TDD-UL-DL pattern periods (K denotes the number of TDD-UL-DL pattern periods included in a SBFD subband time location configuration period). In this sense, Option 1 can be considered as a special case of Option 2. The number of TDD-UL-DL pattern periods included in a SBFD subband time location configuration period can take into account of different requirements (e.g., coverage, latency, traffic distributions, and etc) and can be configured by gNB..
Proposal : For RRC connected mode UEs, when only one TDD-UL-DL pattern is configured, option 2 is supported for SBFD symbol configuration period.
· Option 2: The period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· The number of TDD-UL-DL pattern periods included in a SBFD subband time location configuration period is configured by gNB.
In addition, RAN1 need discuss the constraint of K values to adapt to slot configuration. For example, for a specific TDD-UL-DL pattern period P, a UE may still expect that K*P divides 20 msec, and the first symbol every K*P period is a first symbol in an even frame.
Proposal : RAN1 to discuss the constraint of K value (i.e., the number of TDD-UL-DL pattern periods included in a SBFD subband time location configuration period).
· two TDD-UL-DL patterns
When two TDD-UL-DL patterns are configured, the following related agreement was made at RAN1 #116.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

For the same reason as one TDD-UL-DL pattern, the period of SBFD subband time location configuration for two TDD-UL-DL patterns can be integer multiple of the sum of two TDD-UL-DL patterns periods respectively configured by pattern1 and pattern2 in TDD-UL-DL-ConfigCommon. Similar constraints as for only one TDD-UL-DL pattern could be considered for two TDD-UL-DL patterns, e.g., a UE expects that K*(P+P1) divides 20 msec, where P and P1 respectively denotes the periods of two TDD-UL-DL patterns.
Proposal : For two TDD-UL-DL patterns, the period of SBFD subband time location configuration is integer multiple of the sum of two TDD-UL-DL patterns period.
For each TDD-UL-DL pattern period, a SLIV in time-domain can be configured and a symbol configured by the SLIV is considered SBFD symbol only if the symbol is not overlapped with an UL symbol. Considering the transition time between a SBFD symbol and a non-SBFD symbol and the guard period between DL and UL, it may not be efficient with respect to resource utilization to have too many switching points (including switching between SBFD and non-SBFD and switching between DL and UL) in a pattern period. In this sense, some SLIV configuration patterns may not be expected.
Proposal : A SLIV is configured for each TDD-UL-DL pattern period and a symbol configured by the SLIV is considered SBFD symbol if the symbol is not overlapped with an UL symbol.
2.2  semi-static indication of frequency domain location
At RAN1 #116 and RAN 1 #116bis, the following agreements were respectively reached on the semi-static indication signaling of the frequency location of the SBFD subband.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

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.

It is still open whether additional UE-specific configuration on time and/or frequency locations of SBFD subbands is supported. The major motivation to support UE-specific configuration of frequency locations of SBFD subbands is to accommodate different sizes of guardband considering different UE capabilities (especially filtering capability). However, the UE-specific configuration will highly complicate the interference situation. And also, the guardband can be configured with sufficient margin so that there would be no problem for the UE implementation. A guardband with sufficient margin would be nevertheless needed if SBFD operation is supported for UEs in RRC INACTIVE/IDLE mode. In order to efficiently manage cross link interference, we prefer to only support cell-specific configuration on time and/or frequency locations of SBFD subbands.
Proposal : Only cell-specific configuration on time and/or frequency locations of SBFD subbands is supported.
For semi-static indication of SBFD subband frequency location, the following options were offered at RAN1 #116.Agreement
The maximum number of UL subbands for SBFD operation in an SBFD symbol within a TDD carrier is one.
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, 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).

We do not have strong views on option 1 and option 2 but considering the larger flexibility of option 1, option 1 is slightly preferred.
Proposal : For semi-static indication of SBFD subband frequency location, Option 1 is supported:
· 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).
3 UE Tx/Rx/measurement procedures
In this section, we will discuss transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon.
3.1  Tx/Rx/measurement behaviour
Link direction from UE perspective
To determine link direction, the following agreement was made at RAN1 #116.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. 

In our opinion, link direction indication can be resolved along with collision handling, so different solutions can be designed to optimize the performance case by case. 
Proposal : To determine link direction for RRC connected mode UEs, Option 1 (i.e., UE determines link direction based on configured/scheduled transmissions/receptions and collision handling) is supported.
3.2   FDRA enhancements in SBFD symbols
When the frequency domain resources of the UL subband are located in the middle of the active DL BWP, the DL usable PRBs for UE may be allocated as two discontinuous DL subbands. This may have an impact on the continuous allocation of DL resources and may also lead to misalignment between DL resources and the edge of the subbands. In this section, we will discuss FDRA enhancement in SBFD symbols, including discontinuous resource allocation across two DL subbands and discrete resource allocation across misaligned boundaries.
3.2.1 FDRA across two DL subbands
· CSI-RS across two DL subbands
For frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, the following agreements were made at the SI phase and captured in TR 38.858[2] conclusions Frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs are studied considering the following options:
· Option 1: Two contiguous CSI-RS resources that are linked
· Option 2: One CSI-RS resource
· Option 2-1: Non-contiguous CSI-RS resource allocation
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) 
For all the options, there is no impact on CSI-RS sequence generation. Option 1 requires additional signalling to link two CSI-RS resources in two DL subbands. Option 2-1 requires new RRC structure to configure non-contiguous RBs for one CSI-RS resource, which may require additional signalling overhead. Option 2-2 can reuse the existing signalling design for CSI-RS resource configuration. Option 2-2 can be used to resolve the potential unaligned boundaries between CSI-RS resource configuration and SBFD subbands. Further discussion is required on the UE complexity due to UE capability of maximum number of configured CSI-RS resources and/or processing non-contiguous CSI-RS.

The options are shown in Figure 1.


[bookmark: _Ref162991872]Figure 1. frequency resource allocation for CSI-RS across DL subbands for SBFD-aware UEs
Between option 1 and option 2, we prefer option 2. Regarding Option 1, configuring two CSI-RS resources corresponding to two CSI-RS resource indexes, irrespective of whether these resources are linked, will affect the UE capability of the maximum number of CSI-RS resources, which is not desired. 
There is no fundamental difference between option 2-2 and option 2-1. Compared to options 2-2, option 2-1 may require separate configurations in the two DL subbands leading to higher signalling overhead. However, the configuration flexibility can be increased by option 2-1.

Proposal 8: For frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, option 2-1, i.e., one CSI-RS resource with non-contiguous CSI-RS resource allocation, is supported.
PRG
For wideband PRG, following agreement was agreed.If PRG is determined as wideband, the following two options are studied.
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
It is agreed that Option 1 can achieve better scheduling flexibility and higher DL data rate. Compared with Option 2, Option 1 requires UE to handle two non-contiguous segments of contiguous RBs that may increase UE complexity for channel estimation.

Option 2 largely restricts the scheduling flexibility as configuration of two DL subbands will be a typical case in SBFD operations. Option 1 may require a UE to perform joint channel estimation over non-contiguous RBs, which may be challenging for implementations. Considering the pros and cons of these two options, it would make sense to let the UE decide whether non-contiguous frequency resources across two DL subbands can be allocated when PRG is determined as wideband.
Proposal 9: UE decides by capability whether non-contiguous frequency resources across two DL subbands can be allocated when PRG is determined as wideband.
Moreover in existing designs, gNB can dynamically indicate the size of a PRG through DCI. Higher-layer parameters, bundleSizeSet1 and bundleSizeSet2, configure two sets of PRG sizes. Among them, BundleSizeSet1 can take two sizes of PRG. The UE determines whether to use the scheduling bandwidth as the precoding size by comparing the scheduling bandwidth with the BWP bandwidth. On SBFD symbols, the number of DL usable RBs to the UE is less than the number of RBs included in the active DL BWP. Therefore, enhancement is needed for dynamically indicating the size of PRGs.
Proposal 10: RAN 1 to discuss whether dynamic indication of PRG size is supported in SBFD symbols and enhancements to existing mechanism if supported.
PDSCH RA type 1 FDRA
At RAN1 #116bis, the following agreement was achieved for PDSCH RA Type 1 FDRA.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 PDSCH Type 1 FDRA, PDSCH are first mapped to virtual resource blocks (VRBs) then interleaving is applied between VRBs and PRBs. PDSCH avoids resources reserved for other purposes when doing the mapping. This kind of interleaved mapping can significantly increase the frequency diversity gain. For FDRA across two DL subbands, the interleaved mapping should also be supported. And also, the resources outside DL usable RBs can be considered as invalid resources, as shown in Figure 2.


[bookmark: _Ref162991899][bookmark: _Ref162991805]Figure 2. interleaved VRB-to-PRB mapping considering the RBs outside DL usable RBs as invalid resources
For two DLsubbands, the existing BWP-based interleaved mapping can be fully reused to harvest the frequency diversity gain. However for the case where there is only one DL subband, the existing interleaver may lead to uneven distribution of PRBs used by PDSCH which may in turn decrease the frequency diversity gain and reduce the resistance of burst error. In this case, DL subband-based rather than BWP-based interleaving can be used as compared in 3(a) and  Figure 3(b).  


[bookmark: _Ref162992085]Figure 3. interleaved VRB-to-PRB mapping when only one DL subband is configured
Proposal 11: Both Option 1-2 and Option 2 are supported for frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS.
3.2.2 Handling of unaligned boundaries
Partial PRG
The partial PRG was discussed in the SI and the following conclusion was drawn For a PRG that overlaps with subband boundary, if the part of DL PRG inside the DL subband can be used, better scheduling flexibility and resource utilization can be achieved, however degraded channel estimation quality in the partial PRG is expected compared to a PRG due to limited RBs in the partial PRG. It is noted that UE complexity could increase if this feature is supported.

Partial PRG is supported in legacy designs when the boundary of the first or last PRG is not aligned with BWP boundary. The support of partial PRG for SBFD can increase scheduling flexibility and resource utilization with probably increased UE complexity depending on implementation. In this sense, whether partial PRG overlapped with subband boundary is supported could be left to UE capability.
Proposal 12:  Partial PRG overlapped with subband boundary is supported with UE capability.
3.3   Physical channels/signals across SBFD and non-SBFD symbols
For PUSCH, PDSCH, and PUCCH, allowing transmission/reception across SBFD symbols and non-SBFD symbols in different slots can increase the flexibility and resource utilization. For CSI-RS, whether it can be transmitted across SBFD symbols and non-SBFD symbols in different slots may be dependent on whether a CSI-RS resource can be used for both SBFD and non-SBFD symbols and how to associate the CSI-RS resource with a CSI report configuration as discussed in the subsequent section. When gNB uses a same spatial setting for SBFD and non-SBFD symbols in different slots, it could be possible to transmit CSI-RS across SBFD symbols and non-SBFD symbols. Similarly, whether SRS can be transmitted across SBFD symbols and non-SBFD symbols in different slots can be also up to gNB configuration.
Proposal 13: Support the transmission/reception for PDSCH、PUSCH and PUCCH  across SBFD symbols and non-SBFD symbols in different slots.
· Whether CSI-RS and SRS can be transmitted/received across SBFD symbols and non-SBFD symbols in different slots is up to gNB configuration. 
When a physical channel/signal with transmission/reception occasion is configured to be mapped to SBFD and non-SBFD symbols within a slot, how the UE handles this transmission/reception occasion also needs to be discussed.
Dropping this transmission/reception occasion completely in this case would result in resource waste and thereby reduced resource utilization. Therefore, allowing a transmission/reception using partial resources is preferred in case the transmission/reception is configured to be mapped to SBFD and non-SBFD symbols within a slot. 
[bookmark: _Hlk162774126]Proposal 14: For a physical channel/signal with transmission/reception occasion mapped to SBFD and non-SBFD symbols within a slot, the physical channel/signal transmitted/received on partial resources is supported.
3.3.1 Resource allocation in frequency domain
For resource allocation in frequency domain for CG PUSCH transmission or SPS PDSCH reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots, the following options were agreed at RAN1#116bis.
Option 1 has the largest flexibility at the expense of larger overhead. However, the extra overhead is not a problem for RRC signalling. Option 2 adjusts the position of the frequency resources by applying an RB offset. The extra overhead is limited while still providing considerable configuration flexibility. No extra signalling overhead is introduced by Option 3, 4 or 5. However, Option 3, 4 and 5 require more slots for the transmission/reception so the latency is increased. Moreover, Option 3, 4 and 5 is a bit against the motivation of introducing SBFD operation. 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


 Proposal 15: For an SPS PDSCH/CG PUSCH configuration without repetitions, Option 1, i.e., Separate resource configurations for SBFD symbols and non-SBFD symbols, is supported.
For resource allocation in frequency domain for PDSCH repetitions and multi-PDSCH across SBFD symbols and non-SBFD symbols in different slots, the following options were agreed at RAN1#116bis.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 same reasons as SPS PDSCH, Option 3, 4, 5 and 6 are not desired due to the increased latency and the deviation from the motivation of SBFD operation. The extra overhead incurred by Option 1 cannot be neglected for dynamic signalling. For dynamic PDSCH repetition and multi-PDSCH, Option 2 provides a tradeoff between signalling overhead and scheduling flexibility which is preferred.
Proposal 16: For PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots and for multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, Option 2, i.e., 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, is supported.

For resource allocation in frequency domain for PUSCH repetition type-A and multi-PUSCH across SBFD symbols and non-SBFD symbols in different slots, the following options were agreed at RAN1#116bis. 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


Similar to PDSCH repetition and multi-PDSCH, Option 2 is preferred for PUSCH repetition type-A across SBFD symbols and non-SBFD symbols in different slots and multi-PUSCH across SBFD symbols and non-SBFD symbols.
Proposal 17: For PUSCH repetitions Type-A and multi-PUSCH across SBFD symbols and non-SBFD symbols in different slots, Option 2, i.e., 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, is supported.
3.3.2  CSI measurements and reporting
For the CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots, the following options were agreed at the SI phase and captured in TR 38.858[2].For SBFD-aware UEs, the following options are studied for CSI report associated with periodic/semi-persistent CSI-RS, in case the periodicity is such that CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots (each CSI-RS resource within a slot has either all SBFD or all non-SBFD symbols):
· Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
· Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
· Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
· Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
· Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
· Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.

For the configuration of CSI-RS resources, the choice of options is tightly related to how the gNB implements SBFD. The gNB may adopt different antenna configurations on SBFD symbols and non-SBFD symbols, so in this case, separate CSI-RS resources for SBFD and non-SBFD symbols with two CSI-ReportConfigs respectively could fully leverage existing CSI framework. Even when the gNB uses a same antenna configuration on SBFD symbols and non-SBFD symbols, the interference environment may still be different on SBFD symbols and non-SBFD symbols. There, Option 1-1 would be the simplest way for CSI-RS resource configuration and CSI report configuration for SBFD-aware UEs.
Proposal 18: Option 1-1, i.e., One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only, is supported for SBFD-aware UEs.
3.4  Configurations in SBFD and non-SBFD symbols
The following was agreed at RAN1 #116bis for the configurations in SBFD and non-SBFD symbols.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.

3.4.1 Resources for SRS, PUCCH and PUSCH in SBFD symbols and non-SBFD symbols
Similarly to CSI-RS as discussed in previous sections, it is straightforward to configure separate resources for SRS as well. It would be also simple to configure separate resources for PUCCH as different spreading factors or different coding rates may be required due to different interference environments in SBFD symbols and non-SBFD symbols. Considering the parameters for CG PUSCH are mostly configured per configured grant configuration, using separate configured grant configurations for SBFD symbols and non-SBFD symbols can largely leverage the existing design. In this way, the resources for CG PUSCH would be configured separately for SBFD symbols and non-SBFD symbols. 
Proposal 19：Support configurations of separate resources for SRS, PUCCH and CG PUSCH in SBFD symbols and non-SBFD symbols.
3.4.2 [bookmark: _Hlk162702913] Frequency hopping parameters for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols
Due to the maximum available bandwidth may differ in SBFD symbols and non-SBFD symbols, separate FH parameters for SBFD symbols and non-SBFD symbols would be the simplest and most flexible option. Moreover, the starting RBs for a hop can be configured by RRC signalling, of which the overhead is not an issue, so no implicit offset is needed for the indication of starting RBs between SBFD symbols and non-SBFD symbols.
Proposal 20: Support configurations of separate frequency hopping parameters for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols.
3.4.3 UL power control parameters
Since the interference environment and the Rx antenna configuration of the gNB may be different on SBFD symbols from non-SBFD symbols, it is necessary to configure separate UL power control parameters for SBFD. 
For open-loop power control, several parameters need to be configured separately on the SBFD symbols, e.g., P0 and α. Due to CLI and self-interference on SBFD symbols, a larger target SINR (in terms of P0) may be required. For the same reason, the fractional pathloss compensation coefficient (in terms of α) on SBFD symbols may also differ. For closed-loop power control, whether a same process or different processes are applied for SBFD symbols and non-SBFD symbols needs to be discussed. If different processes are applied, the existing SRI based framework could be leveraged as much as possible. This can save additional standardization efforts.
Proposal 21: Support configurations of separate UL power control parameters for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols.
3.4.4 Beam/spatial relation
As gNB may use different antenna configurations between SBFD and non-SBFD symbols, the beam/spatial relation for a UL signal/channel should also be able to be separately configured. Considering various gNB implementations, the decision on whether same or different beam/spatial relation is applied should be up to gNB.
[bookmark: _Hlk162774945]Proposal 22: Support configurations of separate Beam/spatial relations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols. 
3.5   Collision handling
The following agreements were made at RAN1#116:Agreement
For SBFD-aware UEs, collisions between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol may be addressed or alleviated with proper scheduling. The following cases of potential collisions, [if link direction indication is not supported or provided], can be further studied to see if any change to the current specs is necessary:
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 6: Dynamic or semi-static DL vs. valid RO
Note: In addition to collision between UL transmission and DL reception in the same SBFD symbol(s), collision between UL transmission and DL reception in different symbol(s) due to lack of sufficient transition time between Tx/Rx at UE side is also included.

For Case 1 and Case 2, the following agreements were respectively achieved at RAN1 #116bis.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
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


It is still open for the other collision cases.
Case 3： Semi-statically configured DL reception vs. semi-statically configured UL transmission  
This case can be avoided by gNB configuration or be treated as error case at least from UE perspective. The gNB can configure an SPS DL reception for a UE to be overlapped with a CG UL transmission for another UE.
Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
At least for a same priority and from UE perspective, this case should be avoided by gNB scheduling. The UE does not need to consider this case. 
Case 5: SSB vs. dynamically scheduled or configured UL transmission
[bookmark: _Hlk162874096]It has been agreed that a UL subband can be configured in an SSB symbol, and whether SBFD-aware UEs are allowed to transmit in the SSB symbol is still open. This case may be dependent on the outcome of discussions on whether SBFD-aware UEs are allowed to transmit in the SSB symbol. Nevertheless, considering the importance of SSB for time-frequency tracking, measurements and etc at least some essential or guaranteed SSBs should be prioritized in this case.
Case 6: Dynamic or semi-static DL vs. valid RO
In this case, valid RO can be prioritized. According to existing designs, UEs do not receive DL channels/signals within the valid RO and its preceding Ngap symbols. This rule can be reused.
Proposal 23: For collision handling:
· The collision between semi-statically configured DL reception and semi-statically configured UL transmission is not expected by SBFD-aware UEs.
· The collision between dynamically scheduled DL reception and dynamic scheduled UL transmission with a same priority is not expected by SBFD-aware UEs.
· Prioritize valid RO over DL reception and at least some essential SSBs are prioritized over collided UL transmissions.
In addition to introducing new rules to handle collisions in above cases, some existing restrictions or existing collision handling rules may need to be relaxed. For example, when a UE is scheduled by a DCI format to transmit PUSCH over multiple slots, the PUSCH in a slot including at least one symbol configured by TDD-UL-DL-ConfigCommon as downlink could still be transmitted if every DL symbol in the slot is configured as SBFD symbol. For another example, HARQ-ACK deferring may not be performed in case the determined PUCCH resource overlaps with a symbol indicated as downlink by TDD-UL-DL-ConfigCommon if the DL symbol is configured as SBFD symbol.
Proposal 24: RAN 1 to re-examine existing restrictions or rules due to collision between UL transmissions and DL symbols configured by TDD-UL-DL-ConfigCommon and relax the restriction or rule wherever needed. 
3.6 [bookmark: _Hlk162634375]  UCI multiplexed on PUSCH
For a PUSCH transmission across SBFD symbols and non-SBFD symbols in different slots, enhancements for the UCI multiplexing on multi-slot PUSCH may be needed. Compared to non-SBFD symbols, due to the CLI and self-interference, transmissions on SBFD symbols may encounter greater interference and suffers bad channel conditions. In order to ensure the performance, the UCI can be preferentially transmitted on the PUSCH in a non-SBFD slot. Alternatively, separate parameter configurations for SBFD symbols and non-SBFD symbols (e.g., Beta_offset) can be configured so that lower coding rate can be applied for UCI. Moreover, the performance of a transmission on boundary RBs in the UL subband may be degraded due to greater interference, so it can be considered to map UCI bits onto the center RBs or RBs that are far away from a DL subband.
Proposal 25: RAN1 to discuss potential enhancements for UCI multiplexed on PUSCH.
4 Implicit beam relation
In existing designs, a number of implicit beam relations are defined so that the spatial setting of a transmission can follow the implicit beam relation in case an explicit indication is absent. This can work well if the transmission and its implicit beam reference use a same type of symbols (e.g., both SBFD symbols or both non-SBFD symbols). However, when SBFD is configured, gNB may use different antenna configurations on SBFD symbol and non-SBFD symbol. Correspondingly the UE may also use different spatial filter on SBFD symbol and non-SBFD symbol. Consequently, when the transmission and its implicit beam reference use different types of symbols, the mismatched spatial setting may seriously degrade the transmission performance. For an example, if the TCI field is absent, if the TCI state is inactive, or if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL, the default TCI state or default beam or QCL assumptions may need to consider the symbol types (i.e., SBFD symbol and non-SBFD symbol) that the PDSCH and its implicitly linked reference (e.g., a CORESET).  Similar issues may exist for CSI-RS, PDCCH and random access as discussed in our companion contribution [3]. For UL channels, there may or may not be problems depending on implementations.
Proposal 26: RAN1 to discuss solutions to address the problem of mismatched spatial setting when applying implicit beam relation at least for PDSCH, CSI-RS and PDCCH.
5 Conclusions
In this contribution, we discuss subband non-overlapping full duplex and give the following observation and proposals.
Proposal 1: For RRC connected mode UEs, when only one TDD-UL-DL pattern is configured, option 2 is supported for SBFD symbol configuration period.
· Option 2: The period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· The number of TDD-UL-DL pattern periods included in a SBFD subband time location configuration period is configured by gNB.
Proposal 2: RAN1 to discuss the constraint of K value (i.e., the number of TDD-UL-DL pattern periods included in a SBFD subband time location configuration period).
Proposal 3: For two TDD-UL-DL patterns, the period of SBFD subband time location configuration is integer multiple of the sum of two TDD-UL-DL patterns period.
Proposal 4: A SLIV is configured for each TDD-UL-DL pattern period and a symbol configured by the SLIV is considered SBFD symbol if the symbol is not overlapped with an UL symbol.
Proposal 5: Only cell-specific configuration on time and/or frequency locations of SBFD subbands is supported.
Proposal 6: For semi-static indication of SBFD subband frequency location, Option 1 is supported:
· 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).
Proposal 7: To determine link direction for RRC connected mode UEs, Option 1 (i.e., UE determines link direction based on configured/scheduled transmissions/receptions and collision handling) is supported.
Proposal 8: For frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, option 2-1, i.e., one CSI-RS resource with non-contiguous CSI-RS resource allocation, is supported.
Proposal 9: UE decides by capability whether non-contiguous frequency resources across two DL subbands can be allocated when PRG is determined as wideband.
Proposal 10: RAN 1 to discuss whether dynamic indication of PRG size is supported in SBFD symbols and enhancements to existing mechanism if supported.
Proposal 11: Both Option 1-2 and Option 2 are supported for frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS.
Proposal 12: Partial PRG overlapped with subband boundary is supported with UE capability.
Proposal 13: Support the transmission/reception for PDSCH、PUSCH and PUCCH  across SBFD symbols and non-SBFD symbols in different slots.
· Whether CSI-RS and SRS can be transmitted/received across SBFD symbols and non-SBFD symbols in different slots is up to gNB configuration. 
Proposal 14: For a physical channel/signal with transmission/reception occasion mapped to SBFD and non-SBFD symbols within a slot, the physical channel/signal transmitted/received on partial resources is supported.
Proposal 15: For an SPS PDSCH/CG PUSCH configuration without repetitions, Option 1, i.e., Separate resource configurations for SBFD symbols and non-SBFD symbols, is supported.
Proposal 16: For PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots and for multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, Option 2, i.e., 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, is supported.
Proposal 17: For PUSCH repetitions Type-A and multi-PUSCH across SBFD symbols and non-SBFD symbols in different slots, Option 2, i.e., 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, is supported.
Proposal 18: Option 1-1, i.e., One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only, is supported for SBFD-aware UEs.
Proposal 19: Support configurations of separate resources for SRS, PUCCH and CG PUSCH on SBFD symbols and non-SBFD symbols.
Proposal 20: Support configurations of separate frequency hopping parameters for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols. 
Proposal 21: Support configurations of separate UL power control parameters for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols.
Proposal 22: Support configurations of separate Beam/spatial relations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols. 
Proposal 23: For collision handling:
· The collision between semi-statically configured DL reception and semi-statically configured UL transmission is not expected by SBFD-aware UEs.
· The collision between dynamically scheduled DL reception and dynamic scheduled UL transmission with a same priority is not expected by SBFD-aware UEs.
· Prioritize valid RO over DL reception and at least some essential SSBs are prioritized over collided UL transmissions.
Proposal 24：RAN 1 to re-examine existing restrictions or rules due to collision between UL transmissions and DL symbols configured by TDD-UL-DL-ConfigCommon and relax the restriction or rule wherever needed.
Proposal 25: RAN1 to discuss potential enhancements for UCI multiplexed on PUSCH.
Proposal 26: RAN1 to discuss solutions to address the problem of mismatched spatial setting when applying implicit beam relation at least for PDSCH, CSI-RS and PDCCH.
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