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Introduction
The following is agreed as part of the scope of the Rel-19 WI on Evolution of NR Duplex Operation [1]. 
	· [bookmark: _Hlk510705081]Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded
· [bookmark: _Hlk153407590]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· Enhancement on resource allocation in frequency domain in SBFD symbols
· 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
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol


In this contribution, we discuss semi-static indication of time/freqeuncy location of SBFD subbands. In addition, we discuss transmission/reception behaviour of SBFD-aware UE in SBFD symbols, including enhancements to frequency domain resource allocation for various PHY channels/signals. 
Discussion
Cell-specific Indication of SBFD Subbands 
In this section, we provide our views on cell-specific indication of time and frequency location of SBFD subbands in RRC_CONNECTED mode. 
Cell-specific Indication of Time Location of SBFD Subbands
In legacy TDD operation, the network provides cell-specific TDD configuration to UEs using the higher layer parameter tdd-UL-DL-ConfigurationCommon, which indicates the time location of downlink (DL), flexible (F) and uplink (UL) slots/symbols. This parameter is configured in ServingCellConfigCommonSIB for the UE’s primary serving cell and in ServingCellConfigCommon for the UE’s other serving cells. The same parameter can be used to indicate the time location of DL, F and UL slots/symbols to a SBFD aware UE.
However, an additional cell-specific parameter (e.g., SBFD-ConfigurationCommon) is required to indicate the time location of SBFD subbands (i.e., the location of SBFD slots/symbols) to a SBFD-aware UE. The new cell-specific parameter can provide additional information on which slots – configured by tdd-UL-DL-ConfigurationCommon – are SBFD slots and non-SBFD slots. Like the TDD case, the new parameter can be provided within ServingCellConfigCommonSIB and/or ServingCellConfigCommon. 
In RAN1#116 it was agreed that for semi-static indication of subband time location, SBFD symbols are configured in a consecutive manner within a TDD pattern period. Following this agreement, the cell-specific parameter to indicate time location of subband can be configured using two pairs of integer values. A first pair of integer values can be used to indicate the time location of the first and last slots within a TDD pattern which contain SBFD symbols. Figure 1 shows an example in which slot#1 is indicated as the first slot with SBFD symbols (startSlot) and slot#3 is indicated as the last slot with SBFD symbols (endSlot). A second pair of integer values can be used to indicate the time location of the first SBFD symbol (startSymbol) of the slot indicated as startSlot and the last SBFD symbol (endSymbol) of the slot indicated as endSlot. 
Since it is agreed that SBFD symbols are consecutive within a TDD pattern, any symbols sandwiched between the startSymbol of the startSlot (Symbol#6 in Figure 1) and the endSymbol of the endSlot (Symbol#11 in Figure 1) will be SBFD symbols. Therefore, explicit indication of these SBFD symbols is not required since the UE can determine this information implicitly from the combination of {startSlot, endSlot} and {startSymbol, endSymbol}. This reduces signaling overhead compared to explicitly indicating the time location of each SBFD symbol. 
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[bookmark: _Ref163134086]Figure 1: Two pairs of integers to indicate the time location of SBFD subbands.

Observation 1: SBFD aware UE can implicitly determine the time location of SBFD symbols sandwiched between the first and last SBFD symbols within a TDD pattern from the combination of {startSlot, endSlot} and {startSymbol, endSymbol}.
Proposal 1: Provide a new cell-specific parameter to indicate time location of SBFD subbands to SBFD-aware UE.
· The new parameter can be configured as two pairs of integer values. 
· One pair of integer values indicate the first and last slots within a TDD pattern containing SBFD symbols.
· Another pair of integer values indicate the first and last SBFD symbols within a TDD pattern.
Cell-specific Indication of Frequency Location of SBFD Subbands
For legacy TDD operation, the network provides the location and width of a TDD carrier to the UE using either the higher layer parameter FrequencyInfoDL-SIB or FrequencyInfoDL. Both FrequencyInfoDL-SIB and FrequencyInfoDL contains the parameter scs-SpecificCarrierList which provides a set of TDD carriers for different subcarrier spacings. 
For SBFD operation it is expected that each configured carrier, i.e., each entry of scs-SpecificCarrierList, is partitioned into subband(s) – during SBFD symbols. The knowledge of the frequency location of subbands must be provided to a SBFD-aware UE. One way to achieve this is to provide new cell-specific parameters within FrequencyInfoDL-SIB or FrequencyInfoDL which can explicitly indicate the frequency location of DL subband, UL subband and guardband (if guardband is explicitly configured) to SBFD aware UEs. For example, new cell-specific parameters scs-SpecificDownlinkSubbandList and scs-SpecificUplinkSubbandList can be configured within FrequencyInfoDL-SIB or FrequencyInfoDL which can be used to provide a set of DL and UL subband configurations, respectively, for different subcarrier spacings. Each entry of the new cell-specific parameters can be configured as a single integer value representing the location and bandwidth of the respective subband, similar to the SLIV approach used in existing configuration for bandwidth part (BWP) indication.  
Proposal 2: Provide new cell-specific parameters within FrequencyInfoDL-SIB or FrequencyInfoDL to indicate the frequency location of SBFD subbands for each configured cell-specific carrier. 
Interaction between SBFD operation and UE-specific TDD slot Indication
In this section, we provide our views on possible interaction between SBFD aware UE behaviour and legacy TDD slot configuration via TDD-UL-DL-ConfigDedicated and SFI in DCI format 2_0. In particular, we discuss the use of existing UE-specific TDD slot indication for transmission direction indication in SBFD operation. 
	Agreement RAN1#116
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



Transmission Direction Indication via TDD-UL-DL-ConfigDedicated 
In SBFD operation UE remains a half-duplex node. This implies that in SBFD symbols, the UE can perform either DL reception (on DL subbands) or UL transmission (on UL subband), but not both. To avoid collisions between DL receptions and UL transmissions, the network must provide a way for UE to determine the link direction on SBFD symbols, i.e., whether the UE transmit or receive in a SBFD symbol. 
In RAN1#116, RAN1 agreed two main options to determine link direction of SBFD symbols. Option 2 (explicit link direction indication by gNB) can avoid many potential collision cases by strictly instructing the UE to perform either DL reception or UL transmission on a given SBFD symbol. This simplifies the UE implementation for operation in SBFD symbols by;
· Simplifying the collision handling procedures.
· Allowing the UE to optimize the hardware configuration on a specific slot/symbol for only UL transmission (if the configured direction is UL), or for only DL reception (if the configured direction is DL).
A more advanced UE can support Option 1, where both directions (UL and DL) are considered valid on a SBFD symbol, and certain collision and prioritization rules will determine whether an UL transmission or DL reception will occur at a given instant.
Observation 2: Option 2, which provides an explicit link direction indication, enables low-complexity UE implementation for operations on SBFD symbols. 
Moreover, Option 2 can be achieved by reusing the existing UE-specific signalling for tdd-UL-DL-ConfigurationDedicated. Currently tdd-UL-DL-ConfigurationDedicated only interacts with symbols defined as F by tdd-UL-DL-ConfigurationCommon. However, from a signalling point of view tdd-UL-DL-ConfigurationDedicated can indicate (point to) any slot index (including DL slots) within a TDD pattern using the parameter “slotIndex”. Therefore, if in addition to F symbols, tdd-UL-DL-ConfigurationDedicated is allowed to interact with symbols defined as DL by tdd-UL-DL-ConfigurationCommon, the existing signalling can be directly reused for link direction indication in SBFD operation.
Observation 3: Explicit link direction indication (Option 2) can be achieved by reusing the existing UE-specific signalling for tdd-UL-DL-ConfigurationDedicated.
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[bookmark: _Ref163204801]Figure 2: Transmission direction indication using signalling for tdd-UL-DL-ConfigurationDedicated.
The two parameters, “slotIndex” and “symbols”, within tdd-UL-DL-ConfigurationDedicated can be used to instruct a UE to perform either DL reception or UL transmission on SBFD symbols. The parameter “symbols” can be configured as “allDownlink”, “allUplink” or “explicit”. These parameters can be used to determine link direction on SBFD symbols as follows (see Figure 2): 
· If the parameter “slotIndex” coincides with a slot containing SBFD symbols and the parameter “symbols” is configured as “allDownlink” 
· The UE performs only DL reception on all SBFD symbols of the indicated slot (Figure 2 (a)).
· If the parameter “slotIndex” coincides with a slot containing SBFD symbols and the parameter “symbols” is configured as “allUplink” 
· The UE performs only UL transmission on all SBFD symbols of the indicated slot (Figure 2 (b)).
Proposal 3: [bookmark: _Hlk163207115]Support the use of existing UE-specific TDD signalling (tdd-UL-DL-ConfigurationDedicated) for explicit transmission direction indication on SBFD symbols.
Proposal 4: Option 1 of transmission direction indication can be supported based on UE capability.
TX/RX/Measurement Behaviour for SBFD-aware UE 
In this section we discuss transmission, reception and measurement behaviour and procedures for SBFD-aware UE. 
FDRA Enhancements in SBFD Symbols 
PDSCH Resource Allocation 
SBFD symbols may consist of non-contiguous DL subbands. However, PDSCH FDRA Type-1 only supports contiguous resource allocation, based on indication of a starting RB and RB length. Also, PDSCH FDRA Type-1 supports VRB-to-PRB interleaving, where the allocated VRBs are mapped to PRBs using an interleaving function. Following the existing specification, PDSCH FDRA Type-1 (with or without interleaving) can result in PDSCH resource allocation that fall outside DL usable PRBs.  In RAN1#117, RAN1 agreed three main options to address this issue. 
In our opinion, non-contiguous resource allocation for FDRA Type-1 can be achieved by configuring a single contiguous resource allocation (as in existing FDRA Type-1) and excluding any portion of allocated resources that fall outside the DL usable PRBs. In this case, the VRBs/PRBs belonging to the DL usable VRBs/PRBs can be renumbered/reindexed to exclude VRBs/PRBs that fall outside the DL usable PRBs, as shown in Figure 3. 
The gNB can flexibly allocate resources across non-contiguous DL subbands since the allocation remains contiguous from the UE’s perspective due to the renumbered VRB/PRBs. In addition, any potential issues with VRB-to-PRB interleaving can be avoided since RBs outside the DL usable VRBs/PRBs will not be considered in the interleaving procedure after VRB/PRB reindexing (i.e., the existing VRB-to-PRB mapping can be reused).
Observation 4: Non-contiguous resource allocation using FDRA Type-1 can be achieved by configuring a single contiguous resource and excluding any portion of allocated resources that fall outside the downlink subband(s).
Observation 5: Any potential issues with VRB-to-PRB interleaving can be avoided by adopting RB reindexing.
Proposal 5: [bookmark: _Ref159007700]Support VRB/PRB reindexing for PDSCH FDRA Type-1, excluding PRBs that fall outside DL usable PRBs. 
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[bookmark: _Ref159008128]Figure 3: VRB/PRB reindexing for non-contiguous resource allocation for FDRA Type-1.
PDSCH Precoding
In the current specification, the network can configure the UE to apply precoding over a resource block group (PRG) of size 2 RBs (default value), 4 RBs or “wideband”. The case of 2 RBs and 4 RBs can be directly applied on SBFD symbols – the only potential issue being the possible misaligned boundaries between PRG and the UL subband. Like the RBG case, the part of the PRG inside the DL usable PRBs can be considered as valid, which implies that the UE may perform channel estimation on fewer RB at the edge of DL subbands. 
If PRG size is determined as “wideband” it only applies to contiguous RB allocations. To enable flexible resource allocation in SBFD operation, indication of “wideband” PRG can be allowed to cover non-contiguous RB allocation across DL subbands – with contiguous resources within each DL subband. In this case, the UE can assume that the allocated RBs within each DL subband experience similar channel conditions. Therefore, the gNB applies the same precoding to the RBs in each DL subband.
However, it is still unclear at this stage the impact of allowing wideband PRG to be used for channel estimation across non-contiguous DL subbands. Any potential impact to channel estimation accuracy and UE implementation must be clearly understood before any agreement is reach by RAN1.   
Proposal 6: [bookmark: _Ref159007898]Further study the performance gain and UE impact of allowing “wideband” support non-contiguous frequency resources across DL subbands.
CSI-RS Resource 
	[bookmark: _Hlk163199598]Agreement RAN1#112
Study the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs 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) 



In the current specification, CSI-RS resource allocation in frequency domain is across contiguous RBs. For SBFD operation, RAN1 agreed on two options to enable non-contiguous CSI-RS resource allocation across non-contiguous DL subbands. 
The first option is to configure two contiguous CSI-RS resources – one for each DL subband. In some configurations up to 64 CSI-RS resources can be configured within a CSI-RS Resource Set – in which case Option 1 can readily be supported using the existing specification. However, in other configurations the number of CSI-RS resources per Resource Set is limited, which can impact the number of CSI-RS resources that can be configured for each DL subband. For such scenarios RAN1 needs to further discuss possible enhancements regarding the maximum number of configured CSI-RS resources and how this impacts UE complexity. 
Observation 6: For Option 1 of CSI-RS configuration across two DL subbands, RAN1 needs to further discuss possible enhancements regarding the maximum number of configured CSI-RS resources and the impact on UE complexity. 
Moreover, for Option 1 additional signalling is needed to link the two CSI-RS resources in the two DL subbands which may require some specification efforts. An obvious approach is to link the two CSI-RS at the UE side – which enables the UE to generate a single CSI report for the two CSI-RS resources. An alternative approach is to allow the UE to generate separate a CSI report for the CSI-RS resource on each DL subband. The gNB can link the individual CSI reports for each DL subband to obtain a single CSI report for a SBFD slot/symbol. The later alternative may be considered as baseline since it has less specification impact. Moreover, how the two CSI reports are linked at the gNB could be left to gNB implementation. 
Observation 7: [bookmark: _Ref159057736]For Option 1 of CSI-RS configuration across two DL subbands, the SBFD aware UE can be instructed to generate separate CSI reports for the CSI-RS resource on each DL subband. The gNB can link the individual CSI reports for each DL subband to obtain a single CSI report for a SBFD slot/symbol. 
Proposal 7: For Option 1 of CSI-RS configuration across two DL subbands, RAN1 to further discuss the following alternatives on how CSI-RS resources in the two DL subbands are linked
· Alt 1: The two CSI-RS resources are linked at the UE side. UE generates a single CSI report for the two CSI-RS resources
· Alt 2: The two CSI-RS resources are linked at the gNB side. UE generates a separate CSI report for each CSI-RS resource 
For Option 2, on the other hand, a single non-contiguous CSI-RS resource is configured to cover the two DL subbands. Option 2-1 involves explicit configuration of non-contiguous CSI-RS resources, whereas Option 2-2 involves configuring one contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subbands. In our view, Option 2-1 is more flexible compared to Option 2-2, although Option 2-2 can be achieved using the existing specification.   
At this stage, the impact of non-contiguous CSI-RS allocation on measurement accuracy and CSI processing complexity is still unclear. Thus, it needs to be determined by RAN1 how the CSI processing criteria (Clause 5.2.1.6 of TS 38.214) is impacted by non-contiguous CSI-RS allocation. This could serve as a baseline for comparison and possible down-selection among the different options.  
Observation 8: The impact of non-contiguous CSI-RS allocation on measurement accuracy and UE implementation is still unclear.
Observation 9: It needs to be determined by RAN1 how the CSI processing criteria (Clause 5.2.1.6 of TS 38.214) is impacted by non-contiguous CSI-RS allocation before deciding on which option to adopt. 
Proposal 8: RAN1 to further study the impact of Option 1 and Option 2 on UE implementation and measurement accuracy.
· Including how CPU for processing CSI reports is calculated for each Option. 
PHY Channels/Signals/Procedures across SBFD and non-SBFD Symbols in Different Slots

CSI Reporting Configuration

	Agreement RAN1#112bis-e
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and non-SBFD symbols:
· Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
· Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
· Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
· Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
· Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
· Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.



Two main options been agreed in RAN1 for achieving slot-specific CSI reporting in SBFD operation. The need for separate CSI reporting arises from the distinct interference patterns observed on SBFD and non-SBFD slots. In the most part, slot-specific CSI reporting can readily be supported by current specification. For instance, the higher layer parameter timeRestrictionForChannelMeasurements (or timeRestrictionForInterferenceMeasurements) defines a restriction on the time domain resources used for channel (or interference) measurements. When this parameter is set to “configured”, channel/interference measurement is restricted to resources within a single slot (the “reference resource”), which may be either a SBFD or a non-SBFD slot. 

When this parameter is set to not “not configured”, channel/interference measurement can be across multiple slots. In this case, one of the agreed options for CSI reporting configuration can be adopted to achieve slot-specific CSI reporting. Among these options, we prefer Option 1-1 since it can be achieved by the current specification with minimum enhancements. 
For example, in the case of periodic CSI reporting and semi-persistent CSI reporting on PUSCH, a UE can be configured with multiple CSI reporting Configurations (CSI-ReportConfig). One CSI reporting configuration can be assigned to each SBFD slot type. A new higher layer parameter (e.g., slotType) can be provided within CSI-ResourceConfig to indicate the slot type for which the CSI-RS resource configuration is applied. Thus, CSI-ReportConfig and the associated CSI-ResourceConfig is used to provide CSI reports based on measurement performed on the sets of slots indicated by slotType.
In the case of semi-persistent CSI Reporting on PUCCH, up to 4 CSI reporting configurations are provided by RRC. A MAC CE activation command can be used to activate one reporting configuration for use by the UE on PUCCH. This restriction limits the ability to configure one CSI-ReportConfig for each slot type. Therefore, this restriction can be relaxed to enable the MAC CE activation command to activate multiple (at least 2) CSI reporting configurations for SBFD operation.
Observation 10: For periodic/semi-persistent CSI reporting PUSCH, Option 1-1 for CSI report associated with periodic/semi-persistent CSI-RS can be achieved by the existing specification.
Observation 11: To support slot-specific semi-persistent CSI reporting PUCCH, multiple CSI report configuration must be activated by MAC CE.
Proposal 9: [bookmark: _Ref131537355]Option 1-1 for CSI reporting is considered as the baseline for SBFD operation. Other options can be considered if they show considerable performance gains.
Proposal 10: For semi-persistent CSI reporting PUCCH, allow MAC CE to activate at least 2 CSI reporting configurations, one for each slot type. 
Resource Allocation for Multi-slot Transmissions
In RAN1#116bis, various frequency domain resource allocation options were agreed for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots. The agreed options have been proposed to enable flexibility in resource allocation – considering the different resource availability on SBFD and non-SBFD symbols. For example, FDRA for Type-1 CG PUSCH is across multiple slots within a configured periodicity – which may consist of SBFD and non-SBFD symbols. As shown in Figure 4, the resource allocation for CG-PUSCH may overlap with DL subband in SBFD symbols. Our views on the resource allocation options for the various UL/DL channels are presented below. 
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[bookmark: _Ref166013931]Figure 4: CG-PUSCH transmission in SBFD.
Observation 12: For multi-slot transmissions/reception, a single FDRA is configured for all slots. This may impact flexibility in resource allocation in SBFD since it has two types of slots with different bandwidths.
SPS PDSCH configuration without repetitions
In our view, Option 4 of the FDRA options for SPS PDSCH without repetitions (i.e., Only SPS PDSCH reception occasion in one symbol type is valid and SPS PDSCH reception occasion in the other symbol type is invalid) can be supported as baseline. This is because existing PDSCH FDRA can be reused for Option 4 with minimal specification impact. In this case, the network can configure the UE with a new parameter (e.g., slotType) in addition to the FDRA indication, which indicated to the UE the slot/symbol type on which the resource allocation is applied. The new parameter can be configured with one of three possibilities – which indicates whether the UE applies the configured FDRA to SBFD symbols, non-SBFD symbols or both. For example,
· slotType configured as partitionedSymbols, UE applies FDRA only on SBFD symbols
· slotType configured as non-partitionedSymbols, UE applies FDRA only on non-SBFD symbols
· slotType configured as both, UE applies FDRA on both SBFD and non-SBFD symbol

When a UE is configured to apply FDRA on both SBFD and non-SBFD symbols (i.e., slotType is configured as both), the UE does not expect the network to configure the FDRA such that it overlaps (partially or fully) with resources outside the DL subbands on SBFD symbols.  

Proposal 11: Support resource allocation Option 4 as baseline for SPS PDSCH without repetitions. 
PDSCH repetitions across SBFD symbols and non-SBFD symbols
In the case of PDSCH repetitions, Option 3 of the FDRA options (i.e., 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) can be supported as baseline -since the existing PDSCH FDRA can be reused for Option 3 with minimal specification impact. The UE can be instructed to drop or postpone any repetition which overlaps (fully or partially) with resources outside DL subband(s). 
Proposal 12: Support resource allocation Option 3 as baseline for PDSCH repetitions. 
CG PUSCH configuration without repetitions
In our view, Option 4 of the FDRA options for CG PUSCH without repetitions (i.e., Only CG PUSCH transmission occasion in one symbol type is valid and CG PUSCH transmission occasion in the other symbol type is invalid) can be supported as baseline. This is because existing PUSCH FDRA can be reused for Option 4 with minimal specification impact. Similar to the case for SPS PDSCH without repetitions, the network can configure the UE with a new parameter (e.g., slotType) in addition to the FDRA indication, which indicated to the UE the slot/symbol type on which the resource allocation is applied. 
Proposal 13: Support resource allocation Option 4 as baseline for CG PUSCH without repetitions. 
PUSCH repetition type-A across SBFD symbols and non-SBFD symbols
In our view, Option 3 of the FDRA options for PUSCH repetition type-A (i.e., 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) can be supported as baseline - since the existing PUSCH FDRA can be reused for Option 3 with minimal specification impact. The UE can be instructed to drop or postpone any repetition which overlaps (fully or partially) with resources outside UL subband(s). 
Proposal 14: Support resource allocation Option 3 as baseline for CG PUSCH repetition type-A. 
Frequency Hopping 
On SBFD symbols, resource allocation with frequency hopping is likely to overlap with DL subband since the bandwidth of the UL subband is less than the BWP size, as shown in Figure 5. To avoid this issue separate frequency hopping offsets can be configured for SBFD and non-SBFD symbols. For PUSCH and SRS, the frequency hopping procedure needs to be modified to enable frequency hopping that is confined within the UL subband in the SBFD slots/symbols. 

Moreover, the main advantage of frequency hopping is to provide frequency diversity and robustness to poor channel conditions. On SBFD symbols, the diversity gain obtained from frequency hopping is reduced compared to non-SBFD slots because of the smaller UL frequency resources. Therefore, a mechanism/rule to disable frequency hopping on SBFD symbols could help in reduce signalling overhead.
[image: ]
[bookmark: _Ref159008229]Figure 5: PUSCH frequency hopping in SBFD.
Proposal 15: [bookmark: _Ref159007941]Support separate frequency hopping offsets for SBFD and non-SBFD symbols when frequency hopping enabled. 
Proposal 16: Support frequency hopping only on non-SBFD symbols for inter-slot frequency hopping.
Separate UL power control Parameters for SBFD and non-SBFD Symbols 
For multi-slot UL transmissions RAN1 has discussed whether/how to have separate UL power control parameters for SBFD and non-SBFD symbols. In our view, since SBFD symbols and non-SBFD symbols may have different interference levels, i.e., SBFD symbols have both CCI and CLI while non-SBFD symbols have only CCI, it will be beneficial to support separate UL power control parameters for multi-slot UL transmissions. For example, a higher power level can be configured for SBFD symbols to improve UL SINR at gNB – in the presence of gNB-to-gNB CLI.   
In the case of CG PUSCH, for instance, separate UL transmit power levels for SBFD and non-SBFD symbols can be achieved by gNB providing two open loop power control parameters to the UE. Specifically, the network can provide two instances of the p0 parament for a specific instance of P0-PUSCH-AlphaSet (e.g., P0_0 which is applied to non-SBFD symbols and P0_1 which is applied to SBFD symbols). Since a SBFD-aware UE has knowledge of the time location of SBFD subbands it can be configured with an indication (e.g., using a bitmap) to apply one power control parameter for each symbol type. Similar configuration can be adopted for other multi-slot UL transmissions (e.g., P/SP PUCCH, P/SP SRS). 
Proposal 17: Support configuration of separate UL power control parameters for SBFD and non-SBFD symbols for multi-slot UL transmissions. 
SBFD Operation in SSB Symbols 
For SBFD operation, RAN1 agreed that UL subband can be configured in SSB symbols. However, it is yet to be determined if a SBFD-aware UE is allowed to transmit in SSB symbols or not. In our opinion, all UEs in a given serving cell may be expected to perform SSB measurements during SSB occasions. SSB occasions are essential for many different types of measurements and should be prioritized/protected. In the case of RRM for example, some SSB occasions may be skipped – but usually for other measurements (e.g., neighbour cell measurements), hence, UL transmission cannot be performed by the UE. In the case of RLM, all SSB burst within an RLM evaluation period are expected to be used for measurement. Thus, if SSB occurs on SBFD symbols the UE should be configured to prioritize the SSB measurement. Since UEs remain half duplex nodes, UL transmission cannot be expected on SSB symbols if all UEs in a cell are meant to prioritize SSB measurement.
To avoid any wastage of resources, the occurrence of SSB on SBFD symbols can be considered to override the SBFD symbol partitioning. That is, the UE no longer considers a symbol as a SBFD symbol if it overlaps in time and/or frequency domain with an SSB symbol.
The cost of overriding of SBFD symbols may not be too detrimental to UL performance. Figure 6 shows a typical SSB configuration for operating band between 3GHz and 6GHz (with a maximum of 8 SSB candidates on 4 slots), with SSB periodicity of 20ms, DXXXU SBFD pattern, and 30kHz SCS. As shown in the figure, even with overriding of SBFD symbols that overlap with SSB symbols, there remains a significant amount of UL resources within the SSB periodicity where the UE can perform UL transmissions. The cost is even less if SSB configuration for operating band less than 3GHz (with a maximum of 4 SSB candidates on 2 slots) is considered.
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[bookmark: _Ref159008286]Figure 6: Potential cost of overriding on UL opportunities.
Observation 13: UEs in a cell are expected to perform measurement during SSB occasions. Since UEs are half duplex, UL transmission can therefore not be expected during SSB occasions.
Observation 14: The cost of overriding SBFD partitioning on UL is manageable.
Proposal 18: [bookmark: _Ref159007718]Occurrence of SSBs in a SBFD slot override slot partitioning. 
· If a SBFD symbol overlaps with SSBs, UE considers the SBFD symbol to be converted to a non-SBFD symbol.
Conclusion
In this contribution, we discussed indication of time/frequency location of SBFD subbands. We also provided our views on SBFD-aware UE behaviour in SBFD symbols. 
Observation 1: SBFD aware UE can implicitly determine the time location of SBFD symbols sandwiched between the first and last SBFD symbols within a TDD pattern from the combination of {startSlot, endSlot} and {startSymbol, endSymbol}.
Observation 2: Option 2, which provides an explicit link direction indication, enables low-complexity UE implementation for operations on SBFD symbols. 
Observation 3: Explicit link direction indication (Option 2) can be achieved reusing the existing UE-specific signalling for tdd-UL-DL-ConfigurationDedicated.
Observation 4: Non-contiguous resource allocation using FDRA Type-1 can be achieved by configuring a single contiguous resource and excluding any portion of allocated resources that fall outside the downlink subband(s).
Observation 5: Any potential issues with VRB-to-PRB interleaving can be avoided by adopting RB reindexing
Observation 6: For Option 1 of CSI-RS configuration across two DL subbands, RAN1 needs to further discuss possible enhancements regarding the maximum number of configured CSI-RS resources and the impact on UE complexity. 
Observation 7: For Option 1 of CSI-RS configuration across two DL subbands, the SBFD aware UE can be instructed to generate separate CSI reports for the CSI-RS resource on each DL subband. The gNB can link the individual CSI reports for each DL subband to obtain a single CSI report for a SBFD slot/symbol. 
Observation 8: The impact of non-contiguous CSI-RS allocation on measurement accuracy and UE implementation is still unclear.
Observation 9: It needs to be determined by RAN1 how the CSI processing criteria (Clause 5.2.1.6 of TS 38.214) is impacted by non-contiguous CSI-RS allocation before deciding on which option to adopt. 
Observation 10: For periodic/semi-persistent CSI reporting PUSCH, Option 1-1 for CSI report associated with periodic/semi-persistent CSI-RS can be achieved by the existing specification.
Observation 11: To support slot-specific semi-persistent CSI reporting PUCCH, multiple CSI report configuration must be activated by MAC CE.
Observation 12: For multi-slot transmissions/reception, a single FDRA is configured for all slots. This may impact flexibility in resource allocation in SBFD since it has two types of slots with different bandwidths.
Observation 13: UEs in a cell are expected to perform measurement during SSB occasions. Since UEs are half duplex, uplink transmission can therefore not be expected during SSB occasions.
Observation 14: The cost of overriding SBFD partitioning on uplink is manageable.

Proposal 1: Provide a new cell-specific parameter to indicate time location of SBFD subbands to SBFD-aware UE.
· The new parameter can be configured as two pairs of integer values. 
· One pair of integer values indicate the first and last slots within a TDD pattern containing SBFD symbols.
· Another pair of integer values indicate the first and last SBFD symbols within a TDD pattern.
Proposal 2: Provide new cell-specific parameters within FrequencyInfoDL-SIB or FrequencyInfoDL to indicate the frequency location of SBFD subbands for each configured cell-specific carrier.
Proposal 3: Support the use of existing UE-specific TDD signalling (tdd-UL-DL-ConfigurationDedicated) for transmission direction indication on SBFD symbols.
Proposal 4: Option 1 can be supported based on UE capability.
Proposal 5: Support VRB/PRB reindexing for PDSCH FDRA Type-1, excluding RBs that fall outside the downlink subbands.
Proposal 6: Further study the performance gain and UE impact of allowing “wideband” support non-contiguous frequency resources across downlink subbands.
Proposal 7: For Option 1 of CSI-RS configuration across two DL subbands, RAN1 to further discuss the following alternatives on how CSI-RS resources in the two DL subbands are linked
· Alt 1: The two CSI-RS resources are linked at the UE. UE generates a single CSI report for the two CSI-RS resources
· Alt 2: The two CSI-RS resources are linked at the gNB. UE generates a separate CSI report for each CSI-RS resource 
Proposal 8: RAN1 to further study the impact of Option#1 and Option#2 on UE implementation and measurement accuracy. 
· Including how CPU for processing CSI reports is calculated for each Option. 
Proposal 9: Option 1-1 for CSI reporting is considered the baseline for SBFD operation. Other options can be considered if they show considerable performance gains.
Proposal 10: For semi-persistent CSI reporting PUCCH, allow MAC CE to activate at least 2 CSI reporting configurations, one for each slot type. 
Proposal 11: Support resource allocation Option 4 as baseline for SPS PDSCH without repetitions. 
Proposal 12: Support resource allocation Option 3 as baseline for PDSCH repetitions. 
Proposal 13: Support resource allocation Option 4 as baseline for CG PUSCH without repetitions. 
Proposal 14: Support resource allocation Option 3 as baseline for CG PUSCH repetition type-A. 
Proposal 15: Support separate frequency hopping offsets for SBFD and non-SBFD symbols when frequency
Proposal 16: Support frequency hopping only on non-SBFD symbols for inter-slot frequency hopping.
Proposal 17: Support configuration of separate UL power control parameters for SBFD and non-SBFD symbols for multi-slot UL transmissions. 
Proposal 18: Occurrence of SSBs in a SBFD slot override slot partitioning. 
· If a SBFD symbol overlaps with SSBs, UE considers the SBFD symbol to be converted to a non-SBFD symbol
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