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Introduction
At the RAN1#116 and RAN1#116-bis meeting, the followings were agreed under the agenda item of SBFD TX/RX/measurement procedures [1][2]. 
	Agreement at RAN1#116
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 at RAN1#116
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

Agreement at RAN1#116
A slot can consist of SBFD symbols and non-SBFD symbols.
Agreement at RAN1#116
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).

Agreement at RAN1#116
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

Agreement at RAN1#116
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
Agreement at RAN1#116
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.
Agreement at RAN1#116
For SBFD-aware UE transmission and reception in the SBFD symbols configured in DL and/or flexible in TDD-UL-DL-ConfigCommon, 
· UL transmissions within UL usable PRBs are allowed
· FFS SSB symbols
· DL receptions within DL usable PRBs are allowed
· UL transmissions outside UL usable PRBs are not allowed
· DL receptions outside DL usable PRBs are not allowed
· This restriction is not applicable for CLI measurement
CLI measurement behaviours for SBFD-aware UE are discussed in agenda item 9.3.3.
RAN1 to discuss SBFD aware UE behaviors in SBFD symbols with interaction with legacy TDD slot configuration indications via TDD-UL-DL-ConfigDedicated and SFI in DCI format 2_0
· DCI format 2_0 cannot be used to revert SBFD symbol to non-SBFD symbol
Agreement at 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.
Other options are not precluded. 

Agreement at RAN1#116
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.

Agreement at RAN1#116-bis
A symbol configured as SBFD symbol via cell-specific configuration cannot be reverted to a non-SBFD symbol via any UE-specific configuration or group-common signaling.
A symbol not configured as SBFD symbol via cell-specific configuration cannot be reverted to an SBFD symbol via any UE-specific configuration or group-common signaling.

Agreement at RAN1#116-bis
For frequency resource allocation Type 0 for PDSCH or PUSCH in a single slot by DCI based scheduling (without repetition or TBoMS), when an assigned RBG overlaps with the subband boundary, only the PRBs within DL usable PRBs are considered to be valid for PDSCH reception and only the PRBs within UL usable PRBs are considered to be valid for PUSCH transmission.
· SBFD aware UE does not expect to be assigned with a RBG for PDSCH which is fully outside DL usable PRBs or a RBG for PUSCH which is fully outside UL usable PRBs.
Agreement at RAN1#116-bis
Study the feasibility and enhancements to support separate power control and/or spatial relation for SRS, PUCCH and PUSCH in SBFD and non-SBFD symbols in different slots, including repetition and non-repetition, by considering existing schemes, e.g. multi-TRP PUCCH/PUSCH repetition schemes.
Agreement at RAN1#116-bis
For frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, discuss and decide whether/which of the following options is supported.
· Option 1-1: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only
· FFS: DMRS sequence mapping 
· Option 1-2: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs as legacy
· FFS: DMRS sequence mapping 
· Option 2: Introduce new RB indexing/PRB bundle indexing to ensure VRBs are mapped to DL usable PRBs only.
· Existing VRB-to-PRB mapping is reused
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 
· Option 3: Modify VRB-to-PRB mapping interleaver to ensure VRBs are mapped to DL usable PRBs only.
· Existing RB indexing/PRB bundle indexing is reused
· If the interleaver is not enabled, Option 1-1 or Option 1-2 is used
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 
Agreement at RAN1#116-bis
For cell-specific configuration of frequency locations of SBFD subbands,
· Option 1: Cell-specific frequency locations of SBFD subbands are separately configured for each SCS configuration in SCS-SpecificCarrierList.
· For each SCS configuration, the reference starting PRB is the PRB determined by the SCS configuration and offsetToCarrier corresponding to this subcarrier spacing.
Agreement at RAN1#116-bis
For an SPS PDSCH configuration without repetitions, if the reception occasions are across SBFD symbols and non-SBFD symbols where each reception occasion has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate resource allocations for SBFD symbols and non-SBFD symbols
· FFS other separate configurations for SBFD symbols and non-SBFD symbols
· Option 2: Single resource configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type
· Option 3: An SPS PDSCH reception occasion overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid 
· Option 4: Only SPS PDSCH reception occasion in one symbol type is valid and SPS PDSCH reception occasion in the other symbol type is invalid 
· Option 5: Only the assigned PRBs within DL usable PRBs in SBFD symbols are considered to be valid for SPS PDSCH
· Other options are not precluded
For a CG PUSCH configuration without repetitions, if the transmission occasions are across SBFD symbols and non-SBFD symbols where each transmission occasion has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate resource configurations for SBFD symbols and non-SBFD symbols
· FFS type 2 CG PUSCH
· FFS other separate configurations for SBFD symbols and non-SBFD symbols
· Option 2: Single resource configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type
· Option 3: A CG PUSCH transmission occasion overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid
· Option 4: Only CG PUSCH transmission occasion in one symbol type is valid and CG PUSCH transmission occasion in the other symbol type is invalid 
· Option 5: Only the assigned PRBs within UL usable PRBs in SBFD symbols are considered to be valid for CG PUSCH 
· Other options are not precluded
Agreement at RAN1#116-bis
If link direction indication is not supported nor provided for a SBFD symbol, for collision Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission) in the SBFD symbol for SBFD-aware UEs, reuse the existing collision handling principles in NR for operation on flexible symbols on a single carrier in unpaired spectrum, i.e. UE does not receive DL channel/signal.
· The above does not imply link direction indication is supported
· FFS on dynamically scheduled UL transmission with repetition
Agreement at RAN1#116-bis
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 at RAN1#116-bis
For PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PDSCH within a slot has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate FDRA configuration/indications/interpretations for SBFD symbols and non-SBFD symbols
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type 
· Option 3: A PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid, e.g. the PDSCH in the slot is dropped
· Option 4: Only PDSCH in one symbol type is valid and PDSCH in the other symbol type is invalid
· Option 5: For a PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols, only the assigned PRBs within DL usable PRBs are considered to be valid 
· Option 6: gNB does not schedule any PDSCH in SBFD symbols in a slot to be overlapping with PRBs outside DL usable PRBs
· Other options are not precluded
· FFS: Applicable conditions
Agreement at RAN1#116-bis
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


[bookmark: _Hlk159241646]In this contribution, we provide our views on issues such as semi-static configuration of SBFD subbands, UE transmission/reception/measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE for SBFD operation.
[bookmark: OLE_LINK69]Discussion on subband non-overlapping full duplex
Semi-static configuration of SBFD subbands
For semi-static frequency indication of SBFD subbands, it was agreed during Rel-18 study item phase, that at least the explicit indication of frequency locations of UL subband and time locations within a period are indicated to the UEs. And two viable solutions were agreed for frequency location configuration of DL subband(s) and guardband(s) where Option 1 is based on explicit indication of DL subband(s) and implicit deriving of the guard-band RBs accordingly and Option 2 is based on explicit indication of the guard-bands and implicit deriving of DL subband(s) accordingly. And the following agreements were further made in the RAN1#116. We provide our views on the following two options. 
	Agreement at RAN1#116 
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).


With Option 2, the number of RBs of guardband(s) is explicitly indicated, then DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s). By considering that a SBFD-aware UE does not transmit or receive on the guardband(s) that the UE is aware of, RBs explicitly indicated as guardband(s) cannot be used for neither DL reception nor UL transmission. Therefore, cell-level throughput would be impacted if many RBs are semi-statically configured for guardband(s). However, if RBs for guardband(s) are dynamically indicated to better reflect interference between UL/DL subband(s) or CLI, resource efficiency might be increased by implicitly allocating more RBs for DL subband(s). On the contrary, more RBs might be left as semi-statically unused for DL reception or UL transmission with Option 1 since guardband(s) are implicitly derived as the RBs excluding semi-statically configured UL subband or DL subband(s). It was not agreed yet whether to define guardband(s) or not from the perspective of RAN1. In other words, Option 2 is the viable option only if the RAN1 agrees to specify guardband(s). Otherwise, Option 1 is only the viable option because frequency locations of DL subband(s) should be known to the SBFD-aware UE.
· Proposal 1: For semi-static configuration of SBFD subbands, frequency locations of DL subband(s) are explicitly configured, and guardband(s) are implicitly derived as the RBs which are not within UL subband or DL subband(s) in terms of efficient resource utilization.
Signaling aspects such as signaling container and DL/UL subband configuration on time and frequency location should be further concluded for semi-static configuration of SBFD subbands with Option 1, i.e., explicit configuration of frequency locations of UL subband and DL subband(s). Firstly, for the signaling container, if SBFD operation is supported for UEs in RRC_IDLE/INACTIVE mode and duplicate configurations would not be considered for semi-static indication of time and frequency domain location of SBFD subbands to UEs in RRC_CONNECTED and in RRC_IDLE/INACTIVE mode, it seems reasonable to have the same configuration via SIB for semi-static indication of time and frequency domain location of SBFD subbands to both UEs in RRC_CONNECTED and UEs in RRC_IDLE/INACTIVE modes. And it seems beneficial to support at least cell-specific configuration on frequency location of SBFD subbands within a TDD carrier for both UEs in RRC_CONNECTED and UEs in RRC_IDLE/INACTIVE modes. Therefore, we propose to confirm the working assumption on cell-specific configuration on frequency location of SBFD subbands.
· Proposal 2: It seems reasonable to have the same configuration via SIB for semi-static indication of time and frequency domain location of SBFD subbands to both UEs in RRC_CONNECTED and UEs in RRC_IDLE/INACTIVE modes.
· Proposal 3: We propose to confirm the working assumption on cell-specific configuration on frequency location of SBFD subbands at the RAN1#116 meeting.
Regarding signaling details for semi-static DL/UL subband configuration, similar to BWP configuration, RIV method can be considered to configure contiguous number of RBs with starting RB index. Then, RIV values for each subband, i.e., RIV#1 for UL subband, RIV#2 for 1st DL subband, and RIV#3 for 2nd DL subband are needed to be signaled to UE. However, it can be quite inefficient since if SBFD operation is supported before RRC connection, frequency locations of UL subband and DL subband(s) are needed to be included in SIB1, which has limited size of bit field. To address this, enhanced RIV method can be further investigated. For example, single RIV value includes joint coded value of two lengths of DL subband and UL subband if the UL subband is located at one side of the carrier (i.e., DU or UD). Because both UL subband and DL subband are located at the edge of the carrier, starting RB indexes of UL subband and DL subband can be implicitly derived if a SBFD-aware UE is configured one of DU or UD in frequency domain within a TDD carrier. If the UL subband is located at the middle part of the carrier (i.e., DUD), two RIV values can be configured. The 1st RIV value includes joint coded values of starting and length of UL subband, and the 2nd RIV value includes joint coded values of two lengths of DL subbands. In this case, starting RB indexes of DL subbands can be implicitly derived since two DL subbands are located at the edge of the carrier, respectively.
SBFD operation in DL and/or flexible symbols via TDD-UL-DL-ConfigCommon
The main motivation to allow DL receptions outside DL subband(s) in a symbol configured as DL and/or flexible symbols via TDD-UL-DL-ConfigCommon is to reflect dynamic traffics for DL transmission and also to measure PRBs for CLI measurement outside DL subband(s). It was agreed at the TSG-RAN#102 meeting that DL reception is confined within only DL subband(s) for semi-static SBFD operation since UL/DL subband(s) cannot be changed once semi-statically configured for the SBFD-aware UE. However, it was FFS for CLI measurement by the UE outside of the DL subband(s). Regarding that the target of SBFD operation is to further enhance UL performance (coverage, latency, and capacity) by allocating more UL resources in DL and flexible symbols, only limited resources can be used for DL reception by semi-static SBFD configuration. Even considering this, for CLI measurement as inter-subband interference between DL/UL subbands, it may be desirable to perform DL measurement outside the DL subband. Therefore, for CLI measurement, it should be further considered to allow measurement at least in the guardband(s).
· [bookmark: _Hlk127485039]Proposal 4: DL receptions outside DL subband(s) should be allowed for CLI measurement in SBFD operation in a symbol configured as DL or flexible in TDD-UL-DL-ConfigCommon.
With SBFD operation, a symbol can be divided into different link directions, i.e., UL subband and DL subband(s). Although a gNB performs full duplex in a SBFD symbol over non-overlapping RBs, UL reception in RBs close to RBs for DL transmission can create gNB self-interference. Also, UL-to-DL inter-UE/inter-subband CLI can be occurred. To address those interference issues, guardband(s) can be placed between UL subband and DL subband(s). The size of guardband(s) can be variable according to interference level and the number of RBs in UL subband. Since RBs in guardband(s) cannot be used for scheduling, cell-level throughput would be impacted if many RBs are used for guardband(s). For this reason, fixed size of guardband(s) can be used for SBFD operation. It can be determined with the minimum number of RBs to protect the gNB from the self-interference and inter-UE CLI among UEs. The minimum fixed size of guardband(s) can be determined based on the RAN4 study. RBs in the minimum fixed size of guardband(s) are not used for DL/UL transmission by scheduling. 
In addition to the minimum fixed size of guardband(s), RBs in UL subband or DL subband(s) can be used for additional guardband(s) according to the interference status and/or dynamic traffic changes. It can depend on the gNB’s implementation to schedule DL reception or UL transmission in RBs outside guardband(s). With the minimum fixed size of guardband(s) and additional flexible guardband(s), cell-level throughput is less affected as compared with allocating too many RBs on the fixed guardband(s).
Based on the agreements during Rel-18 study item phase, the frequency location of UL subband and DL subband(s) are known to a SBFD-aware UE. Then, the location of guardband(s) seems to be determined implicitly without additional signaling. Since it was agreed at the TSG-RAN#102 meeting that both DL receptions outside DL subband(s) and UL transmissions outside UL subband are not allowed for semi-static SBFD operation, no RBs outside UL subband can be used either UL or DL. Thus, the number of RBs for fixed guardband(s) can be located between UL subband and DL subband(s). Note that this case is also applicable for SBFD operation in DL symbols via TDD-UL-DL-ConfigCommon. 
· Proposal 5: SBFD-aware UE can know the frequency size of fixed guardband(s) based on knowledge of the frequency location of UL subband and DL subband(s).
· The fixed guardband(s) is located between DL subband(s) and UL subband since both DL receptions outside DL subband(s) and UL transmission outside UL subband are not allowed.
At the RAN1#116 meeting, the followings were agreed for discussion purpose. 
	Agreement at RAN1#116
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.


In determining the usable UL/DL PRBs (Physical Resource Blocks), Option 1, which is based on active BWP information and UL/DL subband information that the UE already knows, may be more preferable than using additional explicit signaling while considering additional signaling overhead like in Option 2. This approach reduces unnecessary explicit signaling and enables efficient resource management. Such an approach can be particularly helpful in increasing flexibility and efficiency in dynamic network environments. Option 1 has the following advantages: 
· Reduced signaling overhead: No need for additional signaling, thus reducing network traffic and processing load.
· Efficient resource utilization: Using information the terminal already knows for resource allocation increases resource efficiency.
· Faster response time: Provides quick resource allocation and response time without waiting for explicit signaling.
· Proposal 6: We propose to support Option 1(i.e., 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) to determine the usable UL/DL PRBs within UL/DL subband respectively.
SBFD operation in SSB symbols
During Rel-18 study item phase, it was agreed that an UL subband can be configured in a SSB symbol, which can be CD-SSB or NCD-SSB, while whether actual UL transmission can happen or not is left as one of remaining issue for further discussion. We provide our view on this remaining issue.
In our view, UE behaviors can be differentiated according to the UL scheduling type, i.e., UL transmission configured by higher layer or indicated by DCI. For example, a SBFD-aware UE does not expect to be indicated to transmit PUSCH by DCI in a symbol configured for SSB. Thus, a gNB may not dynamically indicate the UE by scheduling to transmit UL signal/channel in symbols for SSB. If the UE is configured to transmit PUSCH by higher layer in a symbol configured for SSB, PUSCH can be rate-matched around symbols of SSB and DL-to-UL switching gap. Thus, both SSB reception and PUSCH transmission can be performed in different symbols. Because the rate-matching is not supported for PUSCH in current specification, Rel-15’s RB-level PDSCH rate matching can be considered as a baseline. 
In addition to UL scheduling type, SSB type also can be considered for different UE behaviors on overlapped symbols. At least in symbols of SSB by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon, any UL transmission should not be allowed since that SSB is cell-commonly configured for DL synchronization and system information acquisition. Regarding the UE can be configured to measure SSB within SMTC window, which has periodicity and duration configured by ssb-ToMeasure, UL transmission can be quite restricted by considering all configured SSB receptions/measurements. In this case, DCI indicated PUSCH transmission can be prioritized over SSB configured by SMTC in those symbols. Thus, the gNB can dynamically indicate UE to prioritize PUSCH transmission than SSB measurement. Meanwhile, higher layer configured PUSCH transmission can be rate-matched around symbols of SSB configured by SMTC and DL-to-UL switching gap. Note that restriction of UL transmission in symbols of SSB by ssb-PositionsInBurst with different cell PCI associated with active TCI states for PDCCH or PDSCH was specified for inter-cell beam management in Rel-17 feMIMO in addition to SSB by ssb-PositionsInBurst with serving cell PCI. In this case, DCI indicated PUSCH transmission can be prioritized over SSB configured by ssb-PositionsInBurst with different cell PCI not associated with active TCI state in the symbols. Similar with the case of SSB configured by SMTC, the gNB can dynamically indicate UE to prioritize PUSCH transmission over SSB with different cell PCI not associated with active TCI state. In symbols of SSB with different cell PCI associated with active TCI state, SSB reception can be prioritized for inter-cell beam management. Meanwhile, higher layer configured PUSCH transmission can be rate-matched around symbols of SSB with different cell PCI associated with active TCI state, and DL-to-UL switching gap.
· [bookmark: _Hlk142645323]Proposal 7: It should be specified whether actual UL transmission within UL subband configured in SSB symbols is allowed or not according to UL scheduling type and SSB type in a symbol overlapped between UL transmission and SSB reception/measurement.
· Any UL transmission is not allowed in symbols of SSB by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon.
· [bookmark: _Hlk142645284]DCI indicated PUSCH transmission is allowed in symbols of SSB by ssb-ToMeasure or SSB by ssb-PositionsInBurst in SSB-MTCAdditionalPCI not associated to physical cell ID with active TCI states for PDCCH or PDSCH.
· [bookmark: _Hlk142645298]Higher layer configured PUSCH transmission is allowed by rate-matching around symbols of SSB by ssb-ToMeasure or SSB by ssb-PositionsInBurst in SSB-MTCAdditionalPCI associated to physical cell ID with active TCI states for PDCCH or PDSCH, and symbols of DL-to-UL switching gap.
Potential enhancements for UL transmissions and DL receptions
At the TSG-RAN#102 meeting, it was agreed to specify enhancement on resource allocation in frequency domain in SBFD symbols and enhancements to physical channels/signals and procedure for UE transmissions, receptions and measurement across SBFD symbols and non-SBFD symbols in different slots. We provide our views on enhancements to UE transmissions, receptions and measurement for SBFD operation.
1.1.1 Unaligned boundaries between RBG/PRG/CSI reporting subband and SBFD subband
In the objectives of this WID, to specify enhancements to resource allocation in frequency domain considering unaligned boundaries between resource block group(s)/reporting subband(s), and SBFD subbands was included.
RBG for PDSCH FDRA Type 0
During the study item phase, it was agreed to use part of the DL RBG (UL RBG) inside the DL subband (UL subband). We provide our views for PDSCH reception on part of the DL RBG inside the DL subband.
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Figure 1. PDSCH FDRA type 0 with {D-U-D} subband frequency pattern.
[bookmark: _Hlk131794927]In Figure 1, a UE is configured with DL BWP size as 275 PRBs (100MHz with 30kHz SCS) and allocated with DL subbands as 110 PRBs (40MHz) and UL subband as 55 PRBs (20MHz). In this case, the UE determines P = 16 regardless of RBG-Size configured from gNB. Then, RBG 6-10, which overlap with UL subband cannot be used for PDSCH FDRA for SBFD-aware UE. Especially, PRB 96-109 of RBG 6 and PRB 165-175 of RBG 10 cannot be used even though such PRBs are included in one of DL subbands.
That part of the DL RBG inside the DL subband, i.e., PRB 96-109 of RBG 6 and PRB 165-175 of RBG 10 can be used for PDSCH reception by reusing PDSCH rate matching mechanism, i.e., a UE shall assume that PRBs in UL subband (and guard band, if specified) are not available for PDSCH reception. In other words, a SBFD-aware UE shall assume that PDSCH is rate matched around the PRBs in UL subband. Since the frequency location of UL subband and DL subband(s) is known to a SBFD-aware UE, there is no ambiguity on PRBs in UL subband between gNB and the SBFD-aware UE. Therefore, the part of the DL RBG inside DL subband can be used without enhancement on FDRA type 0, i.e., reusing configuration granularity of RBG for PDSCH FDRA Type 0. This approach has less specification impact and it’s worth noting that FDRA type 1 can be also reused to allocate PDSCH across non-contiguous DL subbands via PDSCH rate matching mechanism.
· Proposal 8: We propose to reuse PDSCH rate matching mechanism to address unaligned boundaries of DL/UL subband and configuration granularity of RBG for PDSCH FDRA (i.e., FDRA type 0) with less specification impact. 
[bookmark: _Hlk118714146]PRG for PDSCH
For PRG(s) with size of 2 and 4 that overlaps with subband boundaries, a PRG can be consisted of less than configured size of 2 or 4 consecutive PRBs according to the texts from TS 38.214 V18.2.0 [3] as follows.
	5.1	UE procedure for receiving the physical downlink shared channel
5.1.2.3	Physical resource block (PRB) bundling
…



If  is determined as one of the values among {2, 4}, Precoding Resource Block Group (PRGs) partitions the bandwidth part i with  consecutive PRBs. Actual number of consecutive PRBs in each PRG could be one or more. 


According to the specification, the actual number of consecutive PRBs in each PRG could be one or more. Thus, it can be reused on SBFD operation by excluding PRBs within UL subband and guadband(s) for actual number of consecutive PRBs in each PRB.
· Observation 1: Actual number of consecutive PRBs in each PRG can be determined by excluding PRBs within UL subband and guardband(s) according to the current specification.
1.1.2 UL transmission/DL reception across SBFD symbols and non-SBFD symbols in different slots
Regarding whether to restrict or not UL transmission and DL reception across SBFD symbols and non-SBFD symbols, if frequency domain resource allocation of UL transmission and DL reception is available for both SBFD symbols and non-SBFD symbols, it would not be necessary to restrict UL transmission and DL reception across SBFD symbols and non-SBFD symbols. Thus, the UL transmission or DL reception can be in SBFD symbols and non-SBFD symbols. Additional restriction in addition to current specification is not needed, and it’s up to gNB scheduling.
· Proposal 9: If a FDRA of UL transmission or DL reception is available for both SBFD symbols and non-SBFD symbols, the UL transmission or DL reception can be across SBFD symbols and non-SBFD symbols.
PDSCH with slot aggregation
Regarding frequency resource allocation options for PDSCH receptions across SBFD symbols and non-SBFD symbols in different slots for a SBFD-aware UE, PDSCH can be rate-matched on the RBs outside DL subband(s). The SBFD-aware UE can be configured or indicated to receive PDSCH of the same TB across multiple slots (i.e., slot aggregation). In this case, multiple slots can include both non-SBFD symbols and SBFD symbols. Then, TBS of PDSCH on non-SBFD symbols can be differently determined from that of PDSCH on SBFD symbols. However, TBs with different TBSs would be hard to be softly combined as bit-level. Therefore, enhancements can be investigated for SBFD-aware UE to assume that PRBs in UL subband are not available not only for SBFD symbols, but also for non-SBFD symbols as shown in figure 2 to maximize the combining gain.
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Figure 2. PDSCH receptions with slot aggregation across non-SBFD symbols and SBFD symbols.
· Proposal 10: For PDSCH receptions across SBFD symbols and non-SBFD symbols in different slots, a SBFD-aware UE can perform rate-matching on the RBs outside DL subband(s).
· Same TBS can be determined among PDSCH receptions with slot aggregation (repetitions) across SBFD symbols and non-SBFD symbols in different slots.
[bookmark: _Hlk131797714]Available slot determination for PUSCH/PUCCH repetition
In Rel-17 coverage enhancement WI, enhancement on PUSCH repetition Type A was introduced. Like inter-slot PUCCH repetition case, PUSCH repetition Type A supports repetitions counted based on available slots in 2-step procedure: in the 1st step, the UE determines available slots for K PUSCH repetitions; in the 2nd step the UE determines whether to drop each of the K PUSCH repetition or not according to PUSCH dropping rules, where the PUSCH repetition is still counted in the K repetitions even if it is dropped.
In the 1st step (i.e., available slot determination), a UE determines available slots based on the symbol-level availability. For unpaired spectrum, the slot is determined as not available for PUSCH or PUCCH transmission if at least one of the symbols for PUSCH or PUCCH transmission overlaps with a DL symbol indicated by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst. In other words, the slot is determined as available for PUSCH or PUCCH transmission starting in an UL symbol indicated by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated, or in a flexible symbol that is not SS/PBCH block symbol indicated by ssb-PositionsInBurst in consecutive UL symbols indicated by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated, or in flexible symbols that are not SS/PBCH block symbols indicated by ssb-PositionsInBurst.
Recall the SBFD operation, UL subband can be allocated in a symbol configured as DL or flexible indicated by TDD-UL-DL-ConfigCommon. In this case, a SBFD-aware UE may not determine the slot with symbols within UL subband since those symbols are configured as DL and flexible indicated by TDD-UL-DL-ConfigCommon even the set of symbols for PUSCH or PUCCH are available for transmission. 
To address this, availability in frequency domain can be further considered in addition to availability in time domain. Thus, the SBFD-aware UE can determine the slot as available for PUSCH or PUCCH transmission in the set of symbols within UL subband. Even a symbol for PUSCH or PUCCH transmission overlaps with a DL symbol indicated by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst, the slot can be determined as available if PUSCH or PUCCH transmission are scheduled within UL subband in the symbols. 
· Proposal 11: In addition to availability in time domain, availability in frequency domain can be further considered to determine available slot of PUSCH/PUCCH repetition for a SBFD-aware UE.

Actual TDW determination for DMRS bundling
In Rel-17 coverage enhancement WI, DMRS bundling to enable improved channel estimation is introduced. It can be enabled for PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, for PUSCH repetition Type A with configured grant, for PUSCH repetition Type B, for TB processing over multiple slots PUSCH and for PUCCH repetitions of PUCCH formats 1, 3, and 4.
One or multiple nominal TDWs (time domain windows) which is not longer than the maximum duration determined by UE’s capability, can be configured with duration by gNB. Then, a nominal TDW can be segmented into one or multiple actual TDWs according to events, which result in the loss of power consistency and phase continuity across PUSCH or PUCCH transmissions, such as a downlink slot or downlink reception or downlink monitoring based on TDD-UL-DL-ConfigCommon and TDD-UL-DL-ConfigDedicated, the gap between any two consecutive PUSCH or PUCCH transmissions that exceeds 13 symbols for normal CP and 11 symbols for extended CP, and frequency hopping. Since the downlink slot by TDD-UL-DL-ConfigCommon is one of the events to segment from nominal TDW to actual TDW, joint channel estimation via DMRS bundling is not performed at gNB if there is at least one DL slot in-between PUSCH or PUCCH transmissions.
Recall the SBFD operation, UL subband can be allocated in a symbol configured as DL or flexible indicated by TDD-UL-DL-ConfigCommon. In this case, a SBFD-aware UE may not determine PUSCH or PUCCH transmissions across UL subbands in a slot configured as DL by TDD-UL-DL-ConfigCommon as an actual TDW as shown in figure 3.
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Figure 3. Actual TDW determination across PUSCH transmissions in UL subband.
In Figure 3, a SBFD-aware UE can be scheduled to transmit PUSCH over 4 slots with repetition Type A and configured to enable DMRS bundling with nominal TDW duration as 4 slots. Then, 4 actual TDWs are determined since slot#1, slot#2, and slot#3 are event, which result in the loss of power consistency and phase continuity. As a result, any of PUSCH repetitions can be jointly channel estimated at gNB even the SBFD UE is configured to enable DMRS bundling.
To address this, RBs within UL subband should not be regarded as an event in a slot configured as DL by TDD-UL-DL-ConfigCommon. Thus, PUSCH or PUCCH transmissions in UL subband across DL slots can be determined as an actual TDW, and joint channel estimation can be performed at gNB for UL coverage enhancement.
· Proposal 12: RBs within UL subband in symbols configured as downlink by TDD-UL-DL-ConfigCommon should not be an event of actual TDW determination for a SBFD-aware UE.
During the study item phase, a conclusion was made that separate UL power control parameters for PUSCH and PUCCH across SBFD and non-SBFD symbols in different slots may be beneficial. When a UE is configured with DMRS bundling as enabled, power consistency of PUSCH or PUCCH transmissions cannot be maintained across SBFD and non-SBFD symbols if separate UL power control parameters are applied across SBFD and non-SBFD symbols. Therefore, separate UL power control parameters across SBFD and non-SBFD symbols can be considered as an event, and different actual TDWs can be made on PUSCH or PUCCH transmissions across SBFD and non-SBFD symbols if DMRS bundling is configured as enabled for the UE as shown in figure 4.
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Figure 4. Actual TDW determination on PUSCH transmissions across SBFD and non-SBFD symbols with separate UL power control parameters.
In Figure 4, a SBFD UE can be scheduled to transmit PUSCH over 4 slots with repetition Type A, where P0,SBFD denotes P0 value of PUSCH transmission in SBFD symbols, while P0,normal denotes the P0 value in non-SBFD symbols. If the UE is conFigured to enable DMRS bundling with duration of a nominal TDW as 4 slots, two actual TDWs (actual TDW#1 including PUSCH#1~#3 and actual TDW#2 including PUSCH#4) are made with respect to an event between PUSCH#3 and PUSCH#4. Considering that the DMRS bundling feature was introduced to enhance UL coverage, it seems beneficial to determine PUSCH#1~PUSCH#3 and PUSCH#4 as the same actual TDW by maintaining power consistency although separate UL power control parameters are conFigured/indicated. In other words, DMRS bundling gain can be prioritized over separate UL power control across SBFD symbols and non-SBFD symbols when DMRS bundling is conFigured as enabled for the UE. Therefore, we propose to investigate how to maintain power consistency of PUSCH or PUCCH transmissions across SBFD symbols and non-SBFD symbols if DMRS bundling is conFigured as enabled for the SBFD-aware UE.
· Proposal 13: Although separate UL power control parameters are conFigured/indicated for PUSCH transmissions or PUCCH transmissions across SBFD symbols and non-SBFD symbols in different slots, we propose to investigate how to maintain power consistency if DMRS bundling is conFigured as enabled for a SBFD-aware UE.
HPN determination for multi-slot PUSCH
In Rel-17 60GHz WI, multi-slot PUSCH scheduling with a single DCI was specified, where time domain allocations of multiple PUSCH can be discontinuous. Those PUSCH transmissions in multi-slot have different TBs, thus different HPNs (HARQ process numbers) are determined for each PUSCH transmission. Because a single HPN value is contained in a DCI, HPN determination rule was specified as follows.
When the UE is scheduled with multiple PUSCHs by a DCI, HPN indicated by DCI applies to the first PUSCH not overlapping with a DL symbol conFigured by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst. HPN is then incremented by 1 for each subsequent PUSCH(s) in the scheduled order, with modulo operation. HPN is not incremented if at least one of the symbols for PUSCH or PUCCH transmission overlaps with a DL symbol conFigured by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
Similar with available slot determination as we discussed above, enhancement on HPN determination of multi-slot PUSCH scheduled with a single DCI within UL subband is necessary as shown in Figure 5.
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Figure 5. HPN determination for multi-slot PUSCH across SBFD symbols and non-SBFD symbols.
In Figure 5, a SBFD-aware UE can be scheduled to transmit multi-slot PUSCH across slot#1 and slot#2 with a single DCI, where slot#1 is consisted of non-SBFD symbols and slot#2 is consisted of SBFD symbols. Even the SBFD-aware UE can transmit PUSCH#2 in the slot#2, the HPN of PUSCH#2 would not be incremented according to the current rule. In this case, ambiguity due to the same HPN between the PUSCHs with different TBs can occur, thus it can affect PUSCH HARQ process.
To address this, availability in frequency domain can be considered in addition to availability in time domain. Thus, the SBFD-aware UE increments HPN for PUSCH transmission in the set of symbols within UL subband. Even if a symbol for PUSCH transmission overlaps with a DL symbol indicated by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst, the HPN can be incremented if PUSCH transmission in the symbols are scheduled within UL subband. 
· Proposal 14: In addition to availability in time domain, availability in frequency domain can be further considered to determine HPN of multi-slot PUSCH scheduled by a single DCI for a SBFD-aware UE.
1.1.3 CSI-RS
At the TSG-RAN#102 meeting, it was agreed to specify enhancement on resource allocation in frequency domain in SBFD symbols especially for resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols. And also it was agreed to specify enhancement on PHY channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots including that CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots. We provide our views on issues such as resource allocation in freq. domain for CSI-RS resource and CSI reporting.

Resource allocation in freq. domain for CSI-RS across two DL subbands in SBFD symbols
During the study item phase, it was discussed on three options for CSI-RS frequency domain resource allocation across non-contiguous DL subbands. We provide our views on each option.
Option 1: Two CSI-RS resources that are linked
With this option, RRC signaling overhead can be an issue as a SBFD-aware UE should be conFigured with two CSI-RS resources with different CSI-RS resource IDs. Additionally, the number of configurable CSI-RS resources is restricted compared to legacy operations as two CSI-RS resource IDs are necessary for CSI-RS reception in the same symbol.
Option 2-1: Non-contiguous CSI-RS resource allocation
For this option, enhancement on CSI-RS resource configuration can be necessary. For example, multiple CSI-RS frequency domain resource allocations (i.e., startingRB and nrofRBs) with the same CSI-RS resource ID should be introduced. This option has no impact on the number of CSI-RS resource configurations. However, it still requires enhancement on CSI-RS resource configuration, which can increase the RRC signaling overhead.
Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband(s)
[bookmark: _Hlk118724853]With this option, a SBFD-aware UE can assume that PRBs in UL subband (and guardband, if specified) are not available for CSI-RS reception. It seems to be similar with the PDSCH rate-matching mechanism, but different in that CSI-RS cannot be rate-matched. Thus, the SBFD-aware UE can implicitly assume that two separate sequences for CSI-RS with the same ID are received across non-contiguous DL subbands, and thus, it does not have any changes on CSI-RS resource configuration (i.e., one contiguous resource configuration overlapping UL subband). Therefore, it has no specification impact and no additional RRC signaling overhead, which are concerns of Option 1 and Option 2-1.
Based on above discussion, we propose to adopt Option 2-2 (one contiguous CSI-RS resource configuration across non-contiguous DL subbands) in terms of specification impact.
· Proposal 15: We propose to adopt Option 2-2 (i.e., One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband(s)) in terms of minimum specification impact.
CSI reporting of CSI-RS instances in both SBFD symbols and non-SBFD symbols in different slots
During the study item phase, it was discussed on four 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. We provide our views on those four options with Figure 6.
[image: 텍스트, 스크린샷, 폰트, 번호이(가) 표시된 사진

자동 생성된 설명]
Figure 6. Options for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity of CSI-RS instances occur in both SBFD symbols and non-SBFD symbols.
Those four options are related with CSI-RS frequency domain resource allocation across non-contiguous DL subbands, and we proposed to adopt Option 2-2 above, i.e., one contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband(s). Therefore, we provide our views on Option 1-2 and Option 2-2 for CSI report. With Option 1-2, two CSI-ReportConfigs are conFigured to reflect different CSI measurement/reporting even though CSI-RS resource configuration is common for both SBFD symbols and non-SBFD symbols. A SBFD-aware UE would average CSI measurement in SBFD symbols and report according to the CSI-ReportConfig#1, while the UE would average CSI measurement in non-SBFD symbols and report according to the CSI-ReportConfig#2. On the contrary, Option 2-2 does not require additional configuration to differentiate CSI report in SBFD symbols and CSI report in non-SBFD symbols by introducing measurement restriction so that UE would not average CSI measurements across SBFD symbols and non-SBFD symbols. Option 1-2 requires additional configuration to differentiate CSI report in SBFD symbols and CSI report in non-SBFD symbols. Regarding that the maximum number of CSI-ReportConfigs is limited to the UE, Option 2-2 can be further investigated. 
· Proposal 16: RAN1 to further investigate Option 2-2 for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity of CSI-RS instances occur in both SBFD symbols and non-SBFD symbols, i.e., one CSI-ReportConfig is associated with one CSI-RS, and the CSI report is derived based on CSI-RS resource which can be in SBFD symbols or non-SBFD symbols in different time instances.
1.1.4 PUSCH/PUCCH/SRS
PUSCH/PUCCH frequency hopping
During the study item phase, it was agreed whether/how to have separate resources, FH parameters, UL power control parameters, and beam/spatial relation for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots. We provide our views on separate FH parameters for PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots.
If a UE is conFigured or indicated to transmit PUSCH with frequency hopping (FH), the UE determines FH pattern, i.e., starting RB of 1st hop and 2nd hop respectively. In the current specification, FH pattern can be determined according to the texts from TS 38.214 V18.2.0 [3] as follows.
	[bookmark: _Toc11352165][bookmark: _Toc20318055][bookmark: _Toc27299953][bookmark: _Toc29673228][bookmark: _Toc29673369][bookmark: _Toc29674362][bookmark: _Toc36645592][bookmark: _Toc45810641][bookmark: _Toc114223895][bookmark: _Toc29673229][bookmark: _Toc29673370][bookmark: _Toc29674363][bookmark: _Toc36645593][bookmark: _Toc45810642][bookmark: _Toc83310227]6.3	UE PUSCH frequency hopping procedure
6.3.1	Frequency hopping for PUSCH repetition Type A
…
In case of intra-slot frequency hopping, the starting RB in each hop is given by:

	,




where i=0 and i=1 are the first hop and the second hop respectively, and  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) or as calculated from the resource assignment for MsgA PUSCH (described in [6, TS 38.213]) and is the frequency offset in RBs between the two frequency hops. The number of symbols in the first hop is given by , the number of symbols in the second hop is given by , where  is the length of the PUSCH transmission in OFDM symbols in one slot.

In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is not enabled, or for inter-slot frequency hopping for a PUSCH scheduled by RAR UL grant or DCI format 0_0 with CRC scrambled by TC-RNTI, the starting RB during slot  is given by:

	, 



where  is the current slot number within a system radio frame, where a multi-slot PUSCH transmission can take place,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.


According to the specification, the UE determines FH pattern based on the size of UL BWP. If the UL subband is included in the UL BWP, the UE may determine 2nd hop RBs of UL transmission outside the UL subband.
To handle this issue, current modulo operation can be modified without new configuration (i.e., without separate FH parameters). For this purpose, the size of UL BWP (i.e., ) can be modified as the size of UL subband with additional parameters such as starting RB index of the UL subband to align the different RB starting between non-SBFD symbols and SBFD symbols as shown in Figure 7. 
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Figure 7. PUSCH transmission with frequency hopping across non-SBFD symbols and SBFD symbols.
If a UE is conFigured to transmit PUCCH with frequency hopping (FH), the UE determines FH pattern, i.e., the starting RB of the 1st hop and 2nd, hop respectively. In the current specification, the FH pattern can be determined based on the conFigured values. That is, the UE transmits the PUCCH starting from a first PRB, provided by startingPRB and starting from a second PRB, provided by secondHopPRB. Different with PUSCH, both starting RBs of the 1st hop and 2nd hop are conFigured by a gNB. Therefore, a new configuration of the first PRB and second PRB can be introduced for SBFD slots.
Based on the above discussion, we propose enhancement on frequency hopping (both intra-slot and inter-slot) for PUSCH and PUCCH in SBFD operation. Additionally, different frequency hopping patterns can be determined across non-SBFD symbols and SBFD symbols. In non-SBFD symbols, legacy FH pattern should be determined for SBFD-aware UE to guarantee frequency diversity as legacy UE.
· [bookmark: _Hlk118735781]Proposal 17: Separate FH patterns can be determined for PUSCH and PUCCH transmission(s) across SBFD symbols and non-SBFD symbols.
· For PUSCH, separate FH patterns can be determined by adjusting UL BWP size to UL subband size in current modulo operation without separate FH parameters configuration.
· For PUCCH, separate FH patterns can be determined by adjusting UL BWP size to UL subband size with separate FH parameters configuration as legacy PUCCH configuration.
PUSCH rate-matching in RE-level
In Rel-15, a RE-level rate-matching for PDSCH was specified around REs for LTE CRS (cell-specific reference signal) to guarantee LTE UE’s CRS detection for DL channel estimation in case of spectrum sharing between NR UE and LTE UE. In addition to LTE CRS, PDSCH rate-matching on REs for ZP (zero power) was specified to guarantee other NR UE’s ZP CSI-RS detection for beam management. A UE can be conFigured with a RE-level resource pattern for LTE CRS or NR ZP CSI-RS, and then the UE assumes that those REs are not available for PDSCH reception. If the UE is indicated to receive PDSCH in REs that overlap with conFigured RE-level resource pattern, the UE receives PDSCH by rate-matching REs for PDSCH around the REs for LTE CRS or NR ZP CSI-RS. Note that LTE CRS and NR ZP CSI-RS are likely to be conFigured in the DL symbol indicated by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated.
For SBFD-aware UEs, UL transmission can be scheduled within UL subband in a symbol conFigured as a DL symbol indicated by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated. Then, resources of PUSCH scheduled to the SBFD-aware UE within the UL subband can overlap with REs of LTE CRS or NR ZP CSI-RS. This can be a more critical issue than the Rel-15 PDSCH case due to CLI between DL reception and UL transmission. For this, a RE-level rate matching for PUSCH can be further investigated, and the Rel-15’s RE-level PDSCH rate matching can be further considered as a starting point. 
· Proposal 18: For a SBFD-aware UE, RE-level PUSCH scheduled within UL subband in a symbol conFigured as DL via TDD-UL-DL-ConfigCommon 
· can be rate-matched around REs of LTE CRS conFigured for LTE UE in case of spectrum sharing between SBFD-aware UE and LTE UE.
· can be rate-matched around REs of ZP CSI-RS conFigured for other NR UE.
Uplink cancellation indication
In Rel-16 URLLC WI, UL CI (cancellation indication) was introduced for inter-UE multiplexing in a cell. To reduce latency of UL transmission of higher priority (i.e., URLLC traffic), a UE can be conFigured to monitor PDCCH including DCI format 2_4 with CRC scrambled by CI-RNTI. An indication of UL CI for a serving cell is applicable to a PUSCH transmission or a SRS transmission in the cell. For the actual UL cancellation, a UE determines reference time-frequency resource region where UL CI is applied. In time domain, DL symbols conFigured by TDD-UL-DL-ConfigCommon and symbols conFigured for SSB reception are excluded from the reference time-frequency resource region of UL CI. In other words, UL symbols and symbols not conFigured for SSB reception can be included as reference time-frequency resource region of UL CI. This is to guarantee finer signaling granularity under the limited payload size of DCI format 2_4 by excluding time domain resources not used for UL transmission.
UL CI feature can be considered for SBFD operation in consideration that UL latency reduction is one of the key objectives of Rel-19 duplex evolution WI. For example, UL transmission with lower priority (i.e., eMBB traffic) of a SBFD-aware UE within an UL subband can be indicated to cancel by UL CI for another SBFD-aware UE’s UL transmission within the UL subband with higher priority (i.e., URLLC traffic). Since an UL subband can be allocated in symbols conFigured as DL conFigured by TDD-UL-DL-ConfigCommon or symbols conFigured for SSB reception, the SBFD-aware UE excludes those symbols as reference time-frequency resource region that UL CI is applied. However, it seems reasonable that an UL subband in symbols conFigured as DL by TDD-UL-DL-ConfigCommon and symbols conFigured for SSB reception should be included as reference time-frequency resource region for UL CI for a SBFD-aware UE in addition to UL symbols and symbols not conFigured for SSB reception.
· Proposal 19: For a SBFD-aware UE, an UL subband in symbols conFigured as DL by TDD-UL-DL-ConfigCommon and symbols conFigured for SSB reception should be included as reference time-frequency resource region for UL CI in addition to UL symbols and flexible symbols not conFigured for SSB reception.
UE collision handling
At the TSG-RAN#102 meeting, it was agreed to specify UE transmission, reception and measurement especially for collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol. We provide our views on cases of time domain conflict and potential UE behavior to avoid/handle collision cases.
Valid RO vs. DL signal/channel
In legacy TDD operation, a UE can determine valid RO (RACH occasion) within the UL symbol or the flexible symbol (i.e., Ngap symbol after DL and SS/PBCH symbol). For SBFD-aware UE, this can be extended to determine valid RO within the UL symbol in the UL subband.
However, this can result in collisions between valid RO and DL signal/channel, as depicted in Figure 8. 
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[bookmark: _Hlk118660575]Figure 8. Collision between valid RO and PDSCH.
In Figure 8, symbols for valid RO and PDSCH are overlapped in time domain. To handle this, new UE behavior for SBFD-aware UE can be further considered since the above collision case is not identified in legacy TDD operation. Also, different UE behaviors can be further investigated for the cases whether PDSCH is semi-statically scheduled via RRC configuration or PDSCH is dynamically indicated via DCI. If PDSCH is semi-statically scheduled, PDSCH can be received for the case when PRACH is not transmitted in valid RO. PDSCH is not received for the case when PRACH is transmitted. Alternatively, PDSCH can be rate-matched even when PRACH is transmitted. If PDSCH is dynamically scheduled, PDSCH can be received and PRACH is not transmitted even in valid RO.
[bookmark: _Hlk118662642]DL signal/channel vs. UL signal/channel
Collision cases between DL signal/channel and UL signal/channel can be listed for SBFD-aware UE as followings:
Case 1) DCI indicated DL (or UL) signal/channel vs. DCI indicated UL (or DL) signal/channel.
In this case, a SBFD-aware UE may not expect to be indicated with DL reception and UL transmission in the same set of symbols. Thus, it can be handled by gNB’s implementation as in the current TDD operation.
Case 2) Higher layer conFigured DL (or UL) signal/channel vs. higher layer conFigured UL (or DL) signal/channel.
In this case, a SBFD-aware UE can determine to select one of DL reception or UL transmission. For example, SBFD operation in a symbol conFigured as DL by tdd-UL-DL-ConfigurationCommon, the UE receives DL signal/channel and does not transmit UL signal/channel since the set of symbols was originally conFigured as DL. Otherwise, the UE neither receives DL signal/channel nor transmits UL.
Case 3) DCI indicated DL (or UL) signal/channel vs. higher layer conFigured UL (or DL) signal/channel.
In this case, a UE can prioritize to receive or transmit signal/channel indicated by DCI as in legacy TDD operation (overwriting rule). For example, if a collision occurs between DCI indicated CSI-RS and higher layer conFigured PUSCH, the UE receives the DCI indicated CSI-RS, and does not transmit the higher layer conFigured PUSCH as shown in Figure 9-(a). 
At the RAN1#116-bis meeting, the following were agreed for both cases of semi-statically conFigured DL reception vs. dynamically scheduled UL transmission and dynamically scheduled DL reception vs. semi-statically conFigured UL transmission.
	Agreement at RAN1#116-bis
If link direction indication is not supported nor provided for a SBFD symbol, for collision Case 2 (semi-statically conFigured DL reception vs. dynamically scheduled UL transmission) in the SBFD symbol for SBFD-aware UEs, reuse the existing collision handling principles in NR for operation on flexible symbols on a single carrier in unpaired spectrum, i.e. UE does not receive DL channel/signal.
· The above does not imply link direction indication is supported
· FFS on dynamically scheduled UL transmission with repetition
Agreement at RAN1#116-bis
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


In addition to that, enhancements on SBFD-aware UE can be further investigated. For example, the UE receives the DCI indicated CSI-RS and transmits the higher layer conFigured PUSCH by rate-matching around collided symbols including DL-UL switching gap as shown in Figure 9-(b).
[image: ]
Figure 9. Collision between DCI indicated CSI-RS and higher layer conFigured PUSCH.
· Proposal 20: RAN1 to further investigate following collision cases for a SBFD-aware UE:
· Valid RO vs. DL signal/channel.
· Higher layer conFigured DL (or UL) signal/channel vs. higher layer conFigured UL (or DL) signal/channel.
· [bookmark: _Hlk142667695]DCI indicated CSI-RS reception vs. higher layer conFigured UL transmission.
Conclusion
In this contribution, we discussed issues such as semi-static configuration of SBFD subbands, UE transmission/reception/measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE for SBFD operation and summarize our views as the followings:
· Proposal 1: For semi-static configuration of SBFD subbands, frequency locations of DL subband(s) are explicitly conFigured, and guardband(s) are implicitly derived as the RBs which are not within UL subband or DL subband(s) in terms of efficient resource utilization.
· Proposal 2: It seems reasonable to have the same configuration via SIB for semi-static indication of time and frequency domain location of SBFD subbands to both UEs in RRC_CONNECTED and UEs in RRC_IDLE/INACTIVE modes.
· Proposal 3: We propose to confirm the working assumption on cell-specific configuration on frequency location of SBFD subbands at the RAN1#116 meeting.
· Proposal 4: DL receptions outside DL subband(s) should be allowed for CLI measurement in SBFD operation in a symbol conFigured as DL or flexible in TDD-UL-DL-ConfigCommon.
· Proposal 5: SBFD-aware UE can know the frequency size of fixed guardband(s) based on knowledge of the frequency location of UL subband and DL subband(s).
· The fixed guardband(s) is located between DL subband(s) and UL subband since both DL receptions outside DL subband(s) and UL transmission outside UL subband are not allowed.
· Proposal 6: We propose to support Option 1(i.e., 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) to determine the usable UL/DL PRBs within UL/DL subband respectively.
· Proposal 7: It should be specified whether actual UL transmission within UL subband conFigured in SSB symbols is allowed or not according to UL scheduling type and SSB type in a symbol overlapped between UL transmission and SSB reception/measurement.
· Any UL transmission is not allowed in symbols of SSB by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon.
· DCI indicated PUSCH transmission is allowed in symbols of SSB by ssb-ToMeasure or SSB by ssb-PositionsInBurst in SSB-MTCAdditionalPCI not associated to physical cell ID with active TCI states for PDCCH or PDSCH.
· Higher layer conFigured PUSCH transmission is allowed by rate-matching around symbols of SSB by ssb-ToMeasure or SSB by ssb-PositionsInBurst in SSB-MTCAdditionalPCI associated to physical cell ID with active TCI states for PDCCH or PDSCH, and symbols of DL-to-UL switching gap.
· Proposal 8: We propose to reuse PDSCH rate matching mechanism to address unaligned boundaries of DL/UL subband and configuration granularity of RBG for PDSCH FDRA (i.e., FDRA type 0) with less specification impact.
· Observation 1: Actual number of consecutive PRBs in each PRG can be determined by excluding PRBs within UL subband and guardband(s) according to the current specification.
· Proposal 9: If a FDRA of UL transmission or DL reception is available for both SBFD symbols and non-SBFD symbols, the UL transmission or DL reception can be across SBFD symbols and non-SBFD symbols.
· Proposal 10: For PDSCH receptions across SBFD symbols and non-SBFD symbols in different slots, a SBFD-aware UE can perform rate-matching on the RBs outside DL subband(s).
· Same TBS can be determined among PDSCH receptions with slot aggregation (repetitions) across SBFD symbols and non-SBFD symbols in different slots.
· Proposal 11: In addition to availability in time domain, availability in frequency domain can be further considered to determine available slot of PUSCH/PUCCH repetition for a SBFD-aware UE.
· Proposal 12: RBs within UL subband in symbols conFigured as downlink by TDD-UL-DL-ConfigCommon should not be an event of actual TDW determination for a SBFD-aware UE.
· Proposal 13: Although separate UL power control parameters are conFigured/indicated for PUSCH transmissions or PUCCH transmissions across SBFD symbols and non-SBFD symbols in different slots, we propose to investigate how to maintain power consistency if DMRS bundling is conFigured as enabled for a SBFD-aware UE.
· Proposal 14: In addition to availability in time domain, availability in frequency domain can be further considered to determine HPN of multi-slot PUSCH scheduled by a single DCI for a SBFD-aware UE.
· Proposal 15: We propose to adopt Option 2-2 (i.e., One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband(s)) in terms of minimum specification impact.
· Proposal 16: RAN1 to further investigate Option 2-2 for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity of CSI-RS instances occur in both SBFD symbols and non-SBFD symbols, i.e., one CSI-ReportConfig is associated with one CSI-RS, and the CSI report is derived based on CSI-RS resource which can be in SBFD symbols or non-SBFD symbols in different time instances.
· Proposal 17: Separate FH patterns can be determined for PUSCH and PUCCH transmission(s) across SBFD symbols and non-SBFD symbols.
· For PUSCH, separate FH patterns can be determined by adjusting UL BWP size to UL subband size in current modulo operation without separate FH parameters configuration.
· For PUCCH, separate FH patterns can be determined by adjusting UL BWP size to UL subband size with separate FH parameters configuration as legacy PUCCH configuration.
· Proposal 18: For a SBFD-aware UE, RE-level PUSCH scheduled within UL subband in a symbol conFigured as DL via TDD-UL-DL-ConfigCommon 
· can be rate-matched around REs of LTE CRS conFigured for LTE UE in case of spectrum sharing between SBFD-aware UE and LTE UE.
· can be rate-matched around REs of ZP CSI-RS conFigured for other NR UE.
· Proposal 19: For a SBFD-aware UE, an UL subband in symbols conFigured as DL by TDD-UL-DL-ConfigCommon and symbols conFigured for SSB reception should be included as reference time-frequency resource region for UL CI in addition to UL symbols and flexible symbols not conFigured for SSB reception.
· Proposal 20: RAN1 to further investigate following collision cases for a SBFD-aware UE:
· Valid RO vs. DL signal/channel.
· Higher layer conFigured DL (or UL) signal/channel vs. higher layer conFigured UL (or DL) signal/channel.
· DCI indicated CSI-RS reception vs. higher layer conFigured UL transmission.
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