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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk111214318]In RAN#102, a WI on evolution of NR duplex operation in Rel-19 was approved, with the target of specifying SBFD [1].
It is common understanding that in agenda 9.3.1 the following shall be discussed.
· Semi-static indication of time & frequency locations of SBFD subbands to UEs in RRC_CONNECTED mode.
· UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE.
Regarding the above, during RAN1#116bis meeting, a lot of agreements were achieved, which are listed in Annex for reference.
In this contribution, semi-static configuration of SBFD subbands in RRC_CONNECTED mode is discussed firstly, followed by discussion on transmission and reception behaviours on SBFD subbands in symbols configured as DL and/or flexible in TDD-UL-DL-ConfigCommon. Potential enhancements for SBFD operation are discussed lastly, including enhancements on resource allocation in frequency domain in SBFD symbols, UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, as well as collision handling between DL receptions in DL subband(s) and UL transmissions in UL subband in SBFD symbols.
2. Semi-static configuration of SBFD subbands
2.1. Configuration granularity/level
Regarding configuration granularity/level of SBFD subbands, during RAN1#116 meeting the following agreement was achieved, based on which cell-specific configuration on time location of SBFD subbands is supported, while it is a working assumption to support cell-specific configuration on frequency location of SBFD subbands.
Agreement
For RRC connected mode UEs, at least cell-specific configuration on time and frequency(working assumption) location of SBFD subbands is supported within a TDD carrier.
· FFS: Additional support of UE-specific configuration on time and/or frequency locations of SBFD subbands

In our understanding, once an UL subband is planned in DL/flexible symbol(s) for SBFD operation, the part of frequency resources in the UL subband can be regarded as a sub-pool from the whole pool of frequency resources for the TDD carrier. In this regard, generally the UL subband, as well as symbol(s) planned for SBFD operation, is common to all SBFD aware UEs served by the TDD carrier, and can be configured in cell common configuration and in carrier/serving cell level. For a BWP pair configured for the TDD carrier/serving cell, actual UL subband to be applied within the BWP pair can be derived based on frequency location of the UL/DL BWP of the BWP pair, as well as that of the UL subband commonly configured for the TDD carrier/serving cell.
Based on the above analysis, it is natural to support cell-specific configuration on frequency locations of SBFD subbands.
Proposal 1: For SBFD aware UEs in RRC_CONNECTED mode, cell-specific configuration on frequency location of SBFD subbands is supported within a TDD carrier.

Regarding additional support of UE-specific configuration on time and/or frequency locations of SBFD subbands, based on the following agreement achieved in RAN1#116bis meeting, support of UE-specific configuration on time location is excluded, while it remains open whether or not to support UE-specific configuration on frequency location.
Agreement
A symbol configured as SBFD symbol via cell-specific configuration cannot be reverted to a non-SBFD symbol via any UE-specific configuration or group-common signaling.
A symbol not configured as SBFD symbol via cell-specific configuration cannot be reverted to an SBFD symbol via any UE-specific configuration or group-common signaling.


Regarding whether or not to support UE-specific configuration on frequency location of SBFD subbands, it was discussed extensively during RAN1#116bis meeting, including discussion on potential aspects to be considered for support of UE-specific configuration on frequency location, as well as that on whether or not to send an LS to RAN4 to ask questions about guardband(s).
It is common understanding that in Rel-19, guarband(s) between UL subband and DL subband(s) is introduced mainly to provide frequency isolation for suppression/mitigation of self-interference at gNB side. As discussed by some companies, SBFD aware UEs may utilize guardband configuration to suppress inter-UE CLI, and different guardband sizes for different SBFD aware UEs may be beneficial due to Rx filter at UE side and/or to mitigate impact on DL reception due to inter-UE CLI.
From our perspective, there is no assumption on Rx filter at UE side for suppression/mitigation of inter-UE CLI. It should also be noted that according to WID [1] RAN4 will not discuss any new UE RF requirements. Therefore, no requirement in RAN4 for Rx filter at UE side is needed for SBFD aware UEs. 
Proposal 2: No Rx filter at UE side is assumed for suppression/mitigation of inter-UE CLI.

For signaling of cell-specific configuration of SBFD subband time and frequency locations, it is straightforward that the configuration is carried in SIB, e.g. SBFD configuration for PCell in SIB1. Besides, it can also be carried in UE-specific RRC signaling, e.g., SBFD configuration for SCell(s) in RRC re-configuration messages.
Proposal 3: Cell-specific configuration of SBFD subband time and frequency locations can be carried in SIB or UE-specific RRC signaling.
2.2. Configuration of time locations for SBFD subbands
For semi-static configuration of subband time locations for SBFD operation, during RAN1#116 meeting, the following agreement was achieved.
Agreement:
For RRC connected mode UEs, SBFD subband time locations are configured within a period. At least when only one TDD-UL-DL pattern is configured, the period is down-selected from one of the following options.
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· Option 2: The period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· FFS: Further details
FFS: Details when two TDD-UL-DL patterns are configured


Regarding the above two options for configuring periodicity of SBFD subband time locations, it is common understanding that Option 2 can cover Option 1, and allows configuring a periodicity longer than TDD-UL-DL pattern period, with more flexibility at the cost of potentially more complexity, e.g. introducing corresponding parameter to configure integer multiple of TDD-UL-DL pattern period, differentiating TDD-UL-DL pattern periods with and without SBFD subbands.
Based on our understanding, the flexibility provided by Option 2 may be marginal, since when Option 1 is adopted, SBFD symbols within a period can be configured flexibly to meet the need of SBFD operation, which can afford sufficient flexibility already. Besides, when Option 2 would be adopted, and a periodicity longer than TDD-UL-DL pattern period would be configured, UL latency performance would be degraded accordingly. Therefore, Option 1 is slightly preferred for simplicity.
[bookmark: _Hlk131500033]Proposal 4: For semi-static configuration of SBFD subband time locations within a period, at least when only one TDD-UL-DL pattern is configured, the period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
Regarding the FFS point in the above agreement, when two TDD-UL-DL patterns are configured, i.e. both pattern1 and pattern2 are configured in TDD-UL-DL-ConfigCommon, it is straightforward that the periodicity is the sum of two periods, corresponding to two configured TDD-UL-DL patterns, respectively.
Proposal 5: For semi-static configuration of SBFD subband time locations within a period, when two TDD-UL-DL patterns are configured, the period is the sum of two periods corresponding to two configured TDD-UL-DL patterns, respectively.
It was agreed that SBFD symbols are configured in consecutive manner within a TDD-UL-DL pattern period. To configure the consecutive SBFD symbols within a TDD-UL-DL pattern period, either the starting SBFD symbol and the number of consecutive SBFD symbols, or the starting SBFD symbol and the ending SBFD symbol can be indicated. When indicating a SBFD symbol within a TDD-UL-DL pattern period, it is straightforward to indicate a global symbol index for the SBFD symbol within the TDD-UL-DL pattern period. Alternatively, a global slot index within the TDD-UL-DL pattern period for the slot where the SBFD symbol locates, and a local symbol index for the SBFD symbol within the slot, can be indicated.
Proposal 6: To configure consecutive SBFD symbols within a TDD-UL-DL pattern period, indicate either the starting SBFD symbol and the number of SBFD symbols, or the starting SBFD symbol and the ending SBFD symbol, corresponding to the consecutive SBFD symbols.
2.3. Configuration of frequency locations for SBFD subbands
For semi-static configuration of subband frequency locations for SBFD operation, it was agreed in RAN1#116bis meeting that cell-specific frequency locations of SBFD subbands are separately configured for each SCS configuration in SCS-SpecificCarrierList. Furthermore, for each SCS configuration, the reference starting PRB is the PRB determined by the SCS configuration and offsetToCarrier corresponding to the SCS configuration.
When configuring frequency locations of SBFD subbands for an SCS configuration in SCS-SpecificCarrierList, two options were identified based on the following agreement achieved during RAN1#116 meeting.
Agreement:
The maximum number of UL subbands for SBFD operation in an SBFD symbol within a TDD carrier is one.
The UL subband can be located at one side of the carrier or can be located at the middle part of the carrier.
For semi-static indication of SBFD subband frequency location, down-select from the following options.
· Option 1: Frequency locations of UL subband and DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
· Option 2: Frequency location of UL subband and the number of RBs for guardband(s), if any, are explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).


The main difference between the above two options is whether frequency location(s) of DL subband(s) or the number of RBs for guardband(s), if any, is explicitly configured. From our perspective, Option 1 is more straightforward, since in any case of SBFD operation the UE should be aware of the frequency location(s) of DL subband(s) in SBFD symbols, however guardband(s) may not be needed in some cases. On the contrary, Option 2 will result in less configuration overhead; besides, it is consistent with configuration of RB sets in Rel-16 NR-U.
It should be noted that SCS-SpecificCarrierList for UL is included in the FrequencyInfoUL-SIB or FrequencyInfoUL, and SCS-SpecificCarrierList for DL is included in the FrequencyInfoDL-SIB or FrequencyInfoDL corresponding to the TDD carrier. If Option 2 would be adopted, where/how to configure guardband(s) would need more discussion, e.g. whether guardband(s) is configured in SCS-SpecificCarrierList for UL or DL, how to handle the case of partial PRB(s) due to different SCSs for UL and DL. In contrast, when it comes to Option 1, it is simple and straightforward, i.e., UL subband can be configured in UL SCS-SpecificCarrierList in FrequencyInfoUL-SIB or FrequencyInfoUL, and DL subband(s) can be configured in DL SCS-SpecificCarrierList in FrequencyInfoDL-SIB or FrequencyInfoDL. In this regard, Option 1 is preferred.
Proposal 7: For semi-static configuration of SBFD subband frequency locations in SBFD symbols:
· Frequency locations of UL subband and DL subband(s) are explicitly configured. 
· Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s).
Proposal 8: UL subband is configured in UL SCS-SpecificCarrierList in FrequencyInfoUL-SIB or FrequencyInfoUL, and DL subband(s) is configured in DL SCS-SpecificCarrierList in FrequencyInfoDL-SIB or FrequencyInfoDL.

Regarding how to configure frequency location for a UL or DL subband, the way to configured frequency resources for a BWP can be reused for simplicity, i.e., configuring locationAndBandwidth in BWP corresponding to the BWP as a RIV value.
Proposal 9: Reuse the way of configuring frequency resources for a BWP to configure frequency location for a UL or DL subband, i.e. by a RIV value in frequency domain.
3. Transmission and reception behaviors on SBFD subbands
3.1. Determination of usable PRBs
During RAN1#116 meeting, regarding usable PRBs, the following agreement was achieved.
Agreement
For discussion purpose, UL subband frequency resources within active UL BWP are called UL usable PRBs and DL subband(s) frequency resources within active DL BWP are called DL usable PRBs.
For determining UL/DL usable PRBs, consider the following options.
· Option 1: UL usable PRBs are determined as intersection between cell-specific UL subband and active UL BWP in SBFD symbols. DL usable PRBs are determined as intersection between cell-specific DL subband(s) and active DL BWP in SBFD symbols.
· Option 2: UL/DL usable PRBs are explicitly configured within active UL/DL BWP in SBFD symbols.


For the above two options, based on discussion in section 2.1, since cell-specific configuration on frequency location of SBFD subbands is supported, Option 1 is straightforward and simple, and there seems no need to introduce Option 2.
Proposal 10: 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.
3.2. Determination of link direction
Regarding determination of actual link direction for a SBFD symbol, the following proposal based on two options achieved during RAN1#116 meeting was discussed in RAN1#116bis meeting without consensus.
Proposed Agreement:
For SBFD-aware UE transmission and reception in an SBFD symbol, down-select from the following alternatives to determine link direction, i.e. whether to transmit or to receive, in the SBFD symbol.
· Alt A (Option 1 in RAN1#116): 
· UE determines to transmit or receive based on configured/scheduled transmissions/receptions and collision handling (if any).
· This does not preclude link direction indication from gNB for handling some collision cases
· Alt B (Option 1 + Option 2 in RAN1#116): 
· If link direction is indicated by gNB explicitly, UE determines to transmit or receive according to the link direction indication. Transmissions/receptions with different link direction from the link direction indicated by gNB are cancelled.
· Otherwise if link direction is not indicated by gNB explicitly, UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).


In the above proposal, the main difference between Alt A and Alt B is whether the gNB is allowed to indicate link direction explicitly. 
In our opinion, if link direction is indicated explicitly, no collision between DL and UL will occur, since only the transmission(s)/reception(s) with a same link direction as the indicated is allowed. Besides, it can provide flexibility for the network to indicate the link direction such as based on the traffic. For the signaling for indication of link direction, it can be realized by reusing legacy signaling. For example, if the UE is provided with TDD-UL-DL-ConfigDedicated, and/or configured to monitor dynamic SFI, TDD-UL-DL-ConfigDedicated and/or dynamic SFI can be used to indicate link direction explicitly for SBFD symbols, which is discussed in section 3.3 in details. 
On the contrary, if link direction is not indicated explicitly by the gNB, the UE can determine link direction based on configured/scheduled transmissions/receptions in case there is no collision between UL and DL. If there may be collision(s) between UL transmission(s) and DL reception(s) in SBFD symbol(s), collision handling discussed in section 4.3 can be used to determine the actual link direction in the SBFD symbol(s). 
Based on the above analysis, Alt B is preferred.
Proposal 11: For SBFD-aware UE transmission and reception in an SBFD symbol:
· If link direction is indicated by the gNB explicitly, the UE determines to transmit or receive according to the link direction indication. Transmissions/receptions with a different link direction from the link direction indicated by the gNB are cancelled/dropped.
· Link direction can be indicated by reusing TDD-UL-DL-ConfigDedicated and/or dynamic SFI.
· Otherwise if link direction is not indicated by the gNB explicitly, the UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).
3.3. Interaction with TDD-UL-DL-ConfigDedicated and/or dynamic SFI
Regarding transmission and reception behaviours in SBFD symbols, the following agreement was achieved during RAN1#116 meeting.
Agreement
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


Based on the above agreement, in DL and/or flexible symbols indicated by TDD-UL-DL-ConfigCommon and configured as SBFD symbols, only UL transmissions are allowed within UL subband, and only DL receptions are allowed within DL subband(s), except for potential CLI measurement by the UE outside of the DL subband(s), if interaction with TDD-UL-DL-ConfigDedicated and/or dynamic SFI is not considered. In other words, same behaviours are expected for DL symbol(s) and flexible symbol(s) indicated by TDD-UL-DL-ConfigCommon. 
Regarding interaction with TDD-UL-DL-ConfigDedicated as well as that with dynamic SFI, they will be discussed in the following separately. 
· Interaction with TDD-UL-DL-ConfigDedicated
In Rel-15/16/17/18, a symbol indicated as flexible in TDD-UL-DL-ConfigCommon can be further overridden as DL/UL by TDD-UL-DL-ConfigDedicated with UE specific RRC signaling.
Regarding SBFD aware UE behaviours in SBFD symbols with interaction with TDD-UL-DL-ConfigDedicated, corresponding discussion for SBFD symbols indicated as flexible in TDD-UL-DL-ConfigCommon can be prioritized in our opinion. The outcome of discussion, if applicable, can be extended to SBFD symbols indicated as DL in TDD-UL-DL-ConfigCommon with minimum effort. 
For SBFD aware UE behaviours in SBFD symbols indicated as flexible in TDD-UL-DL-ConfigCommon, the following alternatives can be identified based on our understanding. 
· Alt. 1: The UE does not expect to be provided with TDD-UL-DL-ConfigDedicated and configured with SBFD symbols simultaneously for a TDD carrier. In other words, TDD-UL-DL-ConfigDedicated should not be provided to the UE for the TDD carrier when SBFD symbols are configured for the TDD carrier.
· Alt. 2: TDD-UL-DL-ConfigDedicated shall only indicate link direction for non-SBFD symbols. In other words, TDD-UL-DL-ConfigDedicated should not cover SBFD symbols. 
· Alt. 3: TDD-UL-DL-ConfigDedicated may indicate direction for SBFD symbols. In this case, regarding how to interpret the indicated direction, and related UE behavior, the following sub-alternatives can be identified further.
· Alt. 3-1: TDD-UL-DL-ConfigDedicated shall indicate a same direction (i.e. flexible) for a SBFD symbol as that indicated for the SBFD symbol by TDD-UL-DL-ConfigCommon. At the same time, SBFD operation in the SBFD symbol is not affected by the indication of TDD-UL-DL-ConfigDedicated.
· Alt. 3-2: The indication of TDD-UL-DL-ConfigDedicated for a SBFD symbol is invalid or inapplicable.
· Alt. 3-3: TDD-UL-DL-ConfigDedicated indicates the usable SBFD subband(s) for a SBFD symbol. For example, if TDD-UL-DL-ConfigDedicated indicates DL for the SBFD symbol, only DL receptions are allowed within DL subband(s) in the SBFD symbol. In this regard, TDD-UL-DL-ConfigDedicated is used actually for indication of link direction for SBFD symbols, which is also discussed in section 3.2.
Based on the above analysis, the following proposal is made.
Proposal 12: For SBFD aware UE behaviours with interaction with TDD-UL-DL-ConfigDedicated in SBFD symbols indicated as flexible in TDD-UL-DL-ConfigCommon, the following alternatives can be considered:
· Alt. 1: The UE does not expect to be provided with TDD-UL-DL-ConfigDedicated and configured with SBFD symbols simultaneously for a TDD carrier.
· Alt. 2: TDD-UL-DL-ConfigDedicated shall only indicate link direction for non-SBFD symbols.
· Alt. 3: TDD-UL-DL-ConfigDedicated may indicate direction for SBFD symbols.
· Alt. 3-1: TDD-UL-DL-ConfigDedicated shall indicate a same direction for a SBFD symbol as that indicated for the SBFD symbol by TDD-UL-DL-ConfigCommon.
· Alt. 3-2: The indication of TDD-UL-DL-ConfigDedicated for a SBFD symbol is invalid or inapplicable.
· Alt. 3-3: TDD-UL-DL-ConfigDedicated indicates the usable SBFD subband(s) for a SBFD symbol.
Regarding the above alternatives, configurability of TDD-UL-DL-ConfigDedicated can be maintained in SBFD scenarios, thus Alt. 1 is not preferred. Among the remaining (sub-)alternatives, Alt. 3-3 is slightly preferred, as TDD-UL-DL-ConfigDedicated can be reused to indicate link direction for SBFD symbols.

· Interaction with dynamic SFI
In Rel-15/16/17/18, a UE may be configured to monitor PDCCH for DCI format 2_0, i.e. dynamic SFI. If a detected DCI format 2_0 indicates a semi-static flexible symbol as DL or UL, only DL reception(s) or UL transmission(s) can be performed in this symbol; otherwise, if the detected DCI format 2_0 indicates the semi-static flexible symbol as flexible, only dynamically scheduled DL reception(s)/UL transmission(s) can be performed in this symbol. 
Similar to interaction with TDD-UL-DL-ConfigDedicated as discussed above, for SBFD aware UE behaviours in SBFD symbols with interaction with dynamic SFI, the following alternatives can be identified based on our understanding. 
· Alt. 1: The UE does not expect to be configured to monitor dynamic SFI and configured with SBFD symbols simultaneously for a TDD carrier. In other words, the UE should not be configured to monitor dynamic SFI for the TDD carrier when SBFD symbols are configured for the TDD carrier.
· Alt. 2: Dynamic SFI, if detected, shall only indicate link direction for non-SBFD symbols. In other words, a detected dynamic SFI should not cover SBFD symbols. 
· Alt. 3: Dynamic SFI, if detected, may indicate direction for SBFD symbols. In this case, regarding how to interpret the indicated direction, and related UE behavior, the following sub-alternatives can be identified further.
· Alt. 3-1: A detected dynamic SFI shall indicate a same direction for a SBFD symbol as that indicated for the SBFD symbol by TDD-UL-DL-ConfigCommon and/or TDD-UL-DL-ConfigDedicated. At the same time, SBFD operation in the SBFD symbol is not affected by the indication of the detected dynamic SFI.
· Alt. 3-2: The indication of the detected dynamic SFI for a SBFD symbol is invalid or inapplicable.
· Alt. 3-3: The detected dynamic SFI indicates the usable SBFD subband(s) for a SBFD symbol. For example, if the detected dynamic SFI indicates DL for the SBFD symbol, only DL receptions are allowed within DL subband(s) in the SBFD symbol. In this regard, dynamic SFI is used actually for indication of link direction for SBFD symbols, which is also discussed in section 3.2.
Besides, if the UE is configured to monitor dynamic SFI, but does not detect a dynamic SFI for a SBFD symbol, it is also beneficial to clarify corresponding UE behavior in such cases.
Proposal 13: For SBFD aware UE behaviours in SBFD symbols with interaction with dynamic SFI, the following alternatives can be considered:
· Alt. 1: The UE does not expect to be configured to monitor dynamic SFI and configured with SBFD symbols simultaneously for a TDD carrier.
· Alt. 2: Dynamic SFI, if detected, shall only indicate link direction for non-SBFD symbols.
· Alt. 3: Dynamic SFI, if detected, may indicate direction for SBFD symbols.
· Alt. 3-1: A detected dynamic SFI shall indicate a same direction for a SBFD symbol as that indicated for the SBFD symbol by TDD-UL-DL-ConfigCommon and/or TDD-UL-DL-ConfigDedicated.
· Alt. 3-2: The indication of the detected dynamic SFI for a SBFD symbol is invalid or inapplicable.
· Alt. 3-3: The detected dynamic SFI indicates the usable SBFD subband(s) for a SBFD symbol.
· FFS: UE behavior in a case if the UE is configured to monitor dynamic SFI, but does not detect a dynamic SFI for a SBFD symbol.
Regarding the above alternatives, configurability of monitoring dynamic SFI can be maintained in SBFD scenarios, thus Alt. 1 is not preferred. Among the remaining (sub-)alternatives, Alt. 3-3 is slightly preferred, as dynamic SFI can be reused to indicate link direction for SBFD symbols.
4. Enhancements for SBFD operation
4.1. Resource allocation in frequency domain
Regarding enhancements for resource allocation in frequency domain in SBFD symbols, the following two categories of enhancements were discussed extensively during the SI phase:
· Resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols.
· Handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource or PRG.
4.1.1. Resource allocation across two DL subbands
· PDSCH RA type 1
For frequency resources allocation for PDSCH RA type 1, the following agreement was achieved during RAN1#116bis meeting.
Agreement
For frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, discuss and decide whether/which of the following options is supported.
· Option 1-1: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only
· FFS: DMRS sequence mapping 
· Option 1-2: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs as legacy
· FFS: DMRS sequence mapping 
· Option 2: Introduce new RB indexing/PRB bundle indexing to ensure VRBs are mapped to DL usable PRBs only.
· Existing VRB-to-PRB mapping is reused
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 
· Option 3: Modify VRB-to-PRB mapping interleaver to ensure VRBs are mapped to DL usable PRBs only.
· Existing RB indexing/PRB bundle indexing is reused
· If the interleaver is not enabled, Option 1-1 or Option 1-2 is used
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 


Among the above options, Option 1-1 and Option 1-2 are the simplest, by considering assigned PRB(s) falling outside DL usable PRBs to be invalid and not used for PDSCH resource mapping.
The only difference between Option 1-1 and Option 1-2 is whether the number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only, or based on the assigned PRBs as legacy. For Option 1-2, if part of the assigned PRBs fall outside DL usable PRBs, the determined TBS for a PDSCH with RA type 1 may be larger than the expected one. In this case, rate matching based on the actual available PRBs within DL usable PRBs would be needed. As a result, excessively higher effective coding rate may be applied to the PDSCH, which may degrade the reception performance severely. On the contrary, if TBS determination is based on the assigned PRBs within DL usable PRBs only, i.e. adopting Option 1-1, the determined TBS matches the PRBs actually used for PDSCH resource mapping. Therefore, Option 1-1 is preferred.
Proposal 14: For frequency resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, support Option 1-1, i.e., 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

· Wideband PRG for PDSCH
The issue of wideband PRG for PDSCH in case of non-contiguous DL subbands was discussed extensively during the SI phase, with the following description captured in TR 38.858 [2].
…
If PRG is determined as wideband, the following two options are studied.
-	Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
-	Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
It is agreed that Option 1 can achieve better scheduling flexibility and higher DL data rate. Compared with Option 2, Option 1 requires UE to handle two non-contiguous segments of contiguous RBs that may increase UE complexity for channel estimation.
…


Obviously, Option 1 can provide more flexibility, and make full use of frequency resources in two DL subbands, compared to Option 2. About UE complexity for Option 1, we are open to discuss it. If needed, corresponding UE capability can be introduced to resolve the UE implementation concern. Therefore, Option 1 is preferred. 
Proposal 15: If PRG is determined as wideband for a PDSCH, support Option1, i.e., non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated for the PDSCH.
Regarding precoding assumption within and across the two DL subbands for Option 1, it is natural that at least frequency resources within a DL subband share the same precoding assumption, by reusing rules for wideband PRG in existing specification. To afford more flexibility, it is slightly preferred that precoding assumptions for frequency resources in two DL subbands can be different.
Proposal 16: If PRG is determined as wideband for a PDSCH, and non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband are allocated for the PDSCH, frequency resources within each DL subband share the same precoding assumption, and precoding assumptions for frequency resources in the two DL subbands can be different.

· CSI-RS
Regarding frequency resource allocation for CSI-RS across non-contiguous DL subbands, the following description is captured in TR 38.858 [2]. 
…
Frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs are studied considering the following options:
-	Option 1: Two contiguous CSI-RS resources that are linked
-	Option 2: One CSI-RS resource
-	Option 2-1: Non-contiguous CSI-RS resource allocation
-	Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) 
For all the options, there is no impact on CSI-RS sequence generation. Option 1 requires additional signalling to link two CSI-RS resources in two DL subbands. Option 2-1 requires new RRC structure to configure non-contiguous RBs for one CSI-RS resource, which may require additional signalling overhead. Option 2-2 can reuse the existing signalling design for CSI-RS resource configuration. Option 2-2 can be used to resolve the potential unaligned boundaries between CSI-RS resource configuration and SBFD subbands. Further discussion is required on the UE complexity due to UE capability of maximum number of configured CSI-RS resources and/or processing non-contiguous CSI-RS.
…


In our understanding, Option 1 may have significant impacts on legacy signaling design where CSI-RS resources are involved, and CSI-RS resources are used in many scenarios, such as time-frequency tracking, beam management, RLM/RRM measurements, etc., in addition to CSI reporting. Therefore, much specification work is expected if Option 1 would be adopted.
Regarding Option 2, Option 2-1 is similar to Option 1 in terms of frequency resource allocation, i.e. for a CSI-RS resource, two clusters of contiguous frequency resources are signaled to the UE. On the contrary, for Option 2-2 the legacy signaling can be reused as much as possible, since for a CSI-RS resource, only a single contiguous CSI-RS resource allocation is involved. Therefore, less or even no specification impact is expected.
Based on the above analysis, Option 2-2 is preferred due to simplicity and back compatibility.
Proposal 17: For frequency resource allocation for CSI-RS across DL subbands for SBFD-aware UEs, support Option 2-2, i.e., one CSI-RS resource is configured, where one contiguous CSI-RS resource allocation for the CSI-RS resource is indicated, with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband(s).
4.1.2. Handling of unaligned boundaries in frequency domain
· RBG for PXSCH RA type 0
For resource allocation in frequency domain in case of unaligned boundaries between RBG and SBFD subbands, the following agreement was achieved during RAN1#116bis meeting.
Agreement
For frequency resource allocation Type 0 for PDSCH or PUSCH in a single slot by DCI based scheduling (without repetition or TBoMS), when an assigned RBG overlaps with the subband boundary, only the PRBs within DL usable PRBs are considered to be valid for PDSCH reception and only the PRBs within UL usable PRBs are considered to be valid for PUSCH transmission.
· SBFD aware UE does not expect to be assigned with a RBG for PDSCH which is fully outside DL usable PRBs or a RBG for PUSCH which is fully outside UL usable PRBs.


Based on the above agreement, it should be further clarified how to determine TBS for a PDSCH or PUSCH with at least one RBG overlapping with subband boundary. Based on similar consideration in the discussion on frequency resources allocation for PDSCH RA type 1 in section 4.1.1, the number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs (or UL usable PRBs) only for the PDSCH (or the PUSCH).
Proposal 18: For frequency resource allocation Type 0 for PDSCH (or PUSCH) in a single slot by DCI based scheduling (without repetition or TBoMS), if at least one assigned RBG overlaps with subband boundary, the number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs (or UL usable PRBs) only for the PDSCH (or the PUSCH).

· PRG with size 2 or 4 for PDSCH
Regarding the issue of PRG with size 2 or 4 overlapping with subband boundary, the following description is captured in TR 38.858 [2].
…
For a PRG that overlaps with subband boundary, if the part of DL PRG inside the DL subband can be used, better scheduling flexibility and resource utilization can be achieved, however degraded channel estimation quality in the partial PRG is expected compared to a PRG due to limited RBs in the partial PRG. It is noted that UE complexity could increase if this feature is supported. 
…


It is common understanding that partial PRG with size 2 or 4 is supported at boundaries of DL active BWP per existing specification. When DL subband boundaries are taken into account additionally, the same rules can be applied as well. From our perspective, no new rule is introduced, and only the number of partial PRGs may be increased, therefore additional UE complexity due to the increased number of partial PRGs should be acceptable. 
Alternatively, additional partial RBGs due to overlapping with DL subband boundaries can be avoided by proper gNB configuration or scheduling.
Proposal 19: Partial PRG with size 2 or 4 at DL subband boundaries can be supported, or avoided by gNB implementation.

· CSI-RS and CSI reporting
Regarding issues of unaligned boundaries for CSI-RS resource and CSI reporting subband, the following description is captured in TR 38.858 [2]. 
…
For semi-static SBFD, for a CSI reporting subband which overlaps with SBFD subband boundaries, it is agreed that CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s) for SBFD-aware UE.
For semi-static SBFD, for a CSI-RS resource which overlaps with SBFD subband boundaries, it is agreed that only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE.
…


Alternatively, these issues can be handled by proper gNB configuration, e.g., the gNB can avoid overlapping with SBFD subband boundaries when configuring CSI-RS resource(s) and/or CSI reporting subband(s).
4.2. UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols
The issue of UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols was extensively discussed for several meetings during the SI phase. Basically, the related discussion can be divided into two parts, of which the first one deals with the case where each transmission/reception occasion within a slot has either all SBFD symbols or all non-SBFD symbols (denoted as Case I), and the second one deals with the case where a transmission/reception occasion overlaps with both SBFD symbols and non-SBFD symbols in the same slot (denoted as Case II). These two cases will be discussed in the following separately.
4.2.1. Case I: Each transmission/reception occasion within a slot has either all SBFD symbols or all non-SBFD symbols
· SPS PDSCH and CG PUSCH
For SPS PDSCH receptions and CG PUSCH transmissions across SBFD symbols and non-SBFD symbols, each without repetition, the following agreement was achieved during RAN1#116bis meeting.
Agreement
For an SPS PDSCH configuration without repetitions, if the reception occasions are across SBFD symbols and non-SBFD symbols where each reception occasion has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate resource allocations for SBFD symbols and non-SBFD symbols
· FFS other separate configurations for SBFD symbols and non-SBFD symbols
· Option 2: Single resource configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type
· Option 3: An SPS PDSCH reception occasion overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid 
· Option 4: Only SPS PDSCH reception occasion in one symbol type is valid and SPS PDSCH reception occasion in the other symbol type is invalid 
· Option 5: Only the assigned PRBs within DL usable PRBs in SBFD symbols are considered to be valid for SPS PDSCH
· Other options are not precluded
For a CG PUSCH configuration without repetitions, if the transmission occasions are across SBFD symbols and non-SBFD symbols where each transmission occasion has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate resource configurations for SBFD symbols and non-SBFD symbols
· FFS type 2 CG PUSCH
· FFS other separate configurations for SBFD symbols and non-SBFD symbols
· Option 2: Single resource configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type
· Option 3: A CG PUSCH transmission occasion overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid
· Option 4: Only CG PUSCH transmission occasion in one symbol type is valid and CG PUSCH transmission occasion in the other symbol type is invalid 
· Option 5: Only the assigned PRBs within UL usable PRBs in SBFD symbols are considered to be valid for CG PUSCH 
· Other options are not precluded


For options listed in the above agreement for an SPS PDSCH configuration without repetition, Option 1 can be achieved by configuring at least two SPS-Configs, of which at least one is for SBFD symbols and the rest is for non-SBFD symbols. Therefore, Option 1 has marginal benefit in terms of e.g. less SPS-Config(s) to be configured, however with significant specification effort.
For Option 2, based on adopted SBFD frequency domain pattern, one or two DL subbands may exist in SBFD symbols. Consequently, how to apply RB offset(s) should be discussed, including how many RB offsets are required, which DL subband is targeted when applying RB offset(s), etc. Since a lot of issues may be identified, Option 2 is not attractive.
Option 3 is very simple. When an SPS PDSCH reception occasion overlaps with RBs outside DL usable PRBs in SBFD symbols, the UE regards it as invalid, and can drop it directly.
Option 4 limits valid SPS PDSCH reception occasions within only a single symbol type, and may be too restrictive. When the same antenna/RF setting is adopted across SBFD symbols and non-SBFD symbols at gNB side, and SPS PDSCH reception occasions don’t overlap with RBs outside DL usable PRBs in SBFD symbols, this limitation becomes unnecessary at all.
For Option 5, it is consistent with the discussion for PDSCH RA type 1 in section 4.1.1, as well as that for PDSCH RA type 0 in section 4.1.2, thus is obviously feasible.
Based on the above analysis, Option 3 and Option 5 for SPS PDSCH can be supported.
Proposal 20: For an SPS PDSCH configuration without repetition, 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, support the following options:
· Option 3: An SPS PDSCH reception occasion overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid.
· Option 5: Only the assigned PRBs within DL usable PRBs in SBFD symbols are considered to be valid for SPS PDSCH.

For options listed in the above agreement for an CG PUSCH configuration without repetition, except for Option 2, views on other options are similar to that on corresponding options for SPS PDSCH.
For Option 2, since it has been agreed that only one UL subband is supported in an SBFD symbol within a TDD carrier, application of RB offset(s) becomes simple and straightforward, that is, only one RB offset is required, and after applying the RB offset, CG PUSCH transmission occasions are expected to not overlap with any RB outside UL usable PRBs in SBFD symbols. In this regard, Option 2 can be supported as well.
Proposal 21: For a CG PUSCH configuration without repetition, 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, support the following options:
· 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 5: Only the assigned PRBs within UL usable PRBs in SBFD symbols are considered to be valid for CG PUSCH 

· PDSCH repetition and multi-PDSCH scheduling
For PDSCH repetitions, as well as multiple PDSCH receptions scheduled by a single DCI format, across SBFD symbols and non-SBFD symbols, the following agreement was achieved during RAN1#116bis meeting.
Agreement
For PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PDSCH within a slot has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate FDRA configuration/indications/interpretations for SBFD symbols and non-SBFD symbols
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type 
· Option 3: A PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid, e.g. the PDSCH in the slot is dropped
· Option 4: Only PDSCH in one symbol type is valid and PDSCH in the other symbol type is invalid
· Option 5: For a PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols, only the assigned PRBs within DL usable PRBs are considered to be valid 
· Option 6: gNB does not schedule any PDSCH in SBFD symbols in a slot to be overlapping with PRBs outside DL usable PRBs
· Other options are not precluded
· FFS: Applicable conditions


Option 1 may introduce additional signaling overhead, as well as significant specification effort. However, the additional benefit compared to other options, e.g. Option 5, is not justified.
For Option 2~5, the situation is very similar to that for corresponding options for SPS PDSCH, i.e. Option 2 is not attractive due to a lot of identified issues, Option 3 is very simple and straightforward, Option 4 is too restrictive, and Option 5 is consistent with other ongoing discussion or achieved agreement(s).
For Option 6, it may be hard for the gNB to avoid any PDSCH repetition/reception overlapping with PRBs outside DL usable PRBs by proper scheduling. Besides, in Rel-15/16/17/18, it is allowed that a PDSCH transmission/reception is invalid, i.e. overlapping with at least one semi-static UL symbol, and the UE simply drop an invalid PDSCH repetition/reception. Furthermore, unified solution is preferred for all cases involving PDSCH receptions, including SPS PDSCH, PDSCH repetition, and multi-PDSCH scheduling. Therefore, Option 6 is unnecessary from our perspective.
Proposal 22: 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 multiple PDSCHs 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, support the following options:
· 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 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.

· PUSCH repetition Type A, TBoMS and multi-PUSCH scheduling
For PUSCH repetitions with Type A, TBoMS transmissions, as well as multiple PUSCH transmissions scheduled by a single DCI format, across SBFD symbols and non-SBFD symbols, the following agreement was achieved during RAN1#116bis meeting.
Agreement
For PUSCH repetition type-A across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PUSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PUSCH within a slot has either all SBFD or all non-SBFD symbols, and for TBoMS across SBFD symbols and non-SBFD symbols in different slots, where each transmission within a slot has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate FDRA configuration/indications/interpretations for SBFD symbols and non-SBFD symbols
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type 
· Option 3: A PUSCH in a slot overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid, e.g. the PUSCH in the slot is dropped/postponed
· Option 4: Only PUSCH in one symbol type is valid and PUSCH in the other symbol type is invalid
· Option 5: For a PUSCH in a slot overlapping with RBs outside UL usable PRBs in SBFD symbols, only the assigned PRBs within UL usable PRBs are considered to be valid 
· Option 6: gNB does not schedule any PUSCH in SBFD symbols in a slot to be overlapping with PRBs outside UL usable PRBs
· Other options are not precluded
· FFS: Applicable conditions


For Option 1 and Option 6, same arguments as that for PDSCH repetition and multi-PDSCH scheduling apply, i.e., Option 1 is not justified for additional signaling overhead and significant specification effort, and Option 6 is unnecessary.
For Option 2~5, the situation is very similar to that for corresponding options for CG PUSCH, i.e. Option 2 and Option 3 is simple and straightforward, Option 4 is too restrictive, and Option 5 is consistent with other ongoing discussion or achieved agreement(s).
Proposal 23: For PUSCH repetitions with 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 multiple PUSCHs 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, support the following options:
· 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 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.

· PDCCH monitoring
For the case of MOs of a search space associated to a CORESET across SBFD symbols and non-SBFD symbols, it was discussed extensively during the SI phase, with the following description captured in TR 38.858 [2].
…
gNB can configure a CORESET and a search space in a way such that the MOs of the search space occur in either SBFD or non-SBFD symbols, or the MOs of the search space occur in both SBFD and non-SBFD symbols but the associated CORESET does not overlap the boundary of a DL subband in SBFD symbols.
If it is agreed to be beneficial that a CORESET and a search space are configured that the MOs of the search space occur in both SBFD and non-SBFD symbols and the associated CORESET overlaps the boundary of a DL subband in SBFD symbols, at least the following options can be considered for SBFD-aware UE:
-	Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
-	Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
-	Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
-	Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
-	Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Note: These options are applicable to at least USS.
…


From our perspective, to solve this issue, simple solution(s) is preferred. Since there is limitation on the configured number of CORESETs or search spaces for a UE, it is desired to address the PDCCH monitoring across SBFD symbols and non-SBFD symbols under the existing limitation. From the above options, Option 3 and Option 4 can be supported, since similar operations have been incorporated in legacy specification. If a PDCCH candidate would be dropped due to overlapped with PRBs outside DL usable PRBs, whether or not the PDCCH candidate is still counted towards BD/CCE budget can be further discussed.
Proposal 24: For MOs of a search space associated to a CORESET across SBFD symbols and non-SBFD symbols where each MO has either all SBFD or all non-SBFD symbols, and the associated CORESET overlaps the boundary of a DL subband in SBFD symbols, support the following options:
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s).

· PUCCH repetition
For the case of PUCCH repetitions without FH across SBFD symbols and non-SBFD symbols, it was discussed during RAN1#116bis meeting without consensus. The final version of the corresponding proposal is listed as below for reference.
Proposed Agreement:
For PUCCH repetitions without FH across SBFD symbols and non-SBFD symbols in different slots, where each repetition has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following options is supported. 
· Option 1: PUCCH repetitions in one symbol type is valid and PUCCH repetitions in the other symbol type is invalid regardless of whether or not the PUCCH resource overlaps with PRBs outside UL usable PRBs in SBFD symbols
· PUCCH available slot counting only counts valid PUCCH repetitions
· FFS how to determine which symbol type is valid for PUCCH repetitions, e.g. the symbol type of the first PUCCH repetition, a predefined/indicated/configured symbol type etc.
· Option 2: Same PUCCH resource is determined for PUCCH repetitions across SBFD and non-SBFD symbols. A PUCCH repetition overlapping with PRBs outside UL usable PRBs in SBFD symbols is postponed
· PUCCH available slot counting in SBFD symbols only counts PUCCH repetitions with PRBs entirely within UL usable PRBs
· FFS how to determine PUCCH resource
· Option 3: PUCCH resources for PUCCH repetitions across SBFD and non-SBFD symbols are determined based on 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
· PUCCH available slot counting in SBFD symbols only counts PUCCH repetitions with PRBs entirely within UL usable PRBs
· FFS how to determine PUCCH resource
· Option 4: PUCCH resources for PUCCH repetitions across SBFD and non-SBFD symbols are determined based on separate starting PRB configurations for SBFD and non-SBFD symbols
· Option 5: Separate PUCCH resources are configured for PUCCH repetitions in SBFD and non-SBFD symbols.
· FFS applicability whether to count a SBFD slot as available for PUCCH repetitions based on PUCCH format length/number of symbols of PUCCH to avoid blocking DL transmissions
· Other options are not precluded


Among the above options, Option 1 limits valid PUCCH repetitions within only a single symbol type, and may be too restrictive. When same power control and/or spatial relation for PUCCH is adopted across SBFD symbols and non-SBFD symbols, and PUCCH repetitions don’t overlap with PRBs outside UL usable PRBs in SBFD symbols, this limitation becomes unnecessary at all.
Option 2 is simple and straightforward, since only little enhancement is required for PUCCH available slot counting.
For Option 3, since it has been agreed that only one UL subband is supported in an SBFD symbol within a TDD carrier, only one RB offset is required, and after applying the RB offset, generally it is expected that all PUCCH repetitions are entirely within UL usable PRBs in SBFD symbols. Therefore, enhancement for PUCCH available slot counting may be not needed.
Option 4 can achieve the same result as Option 3, in a more effective and straightforward way. It should be noted that parameter startingPRB in a PUCCH-Resource is used to indicate the starting PRB for a PUCCH transmission corresponding to the PUCCH-Resource. If separate startingPRBs are configured in a PUCCH-Resource for PUCCH repetitions corresponding to the PUCCH-Resource in SBFD symbols and non-SBFD symbols respectively, it can be guaranteed that all PUCCH repetitions are entirely within UL usable PRBs in SBFD symbols by proper and consistent gNB’s configuration.
Option 5 may introduce more signaling overhead compared to Option 3 or Option 4, with more flexibility. It should be noted that if polar coding is adopted for PUCCH transmission, same number of data REs should be guaranteed across PUCCH repetitions for potential combination in PUCCH decoding. Therefore, the additional flexibility provided by Option 5 may vanish.
Based on the above analysis, the following is proposed.
Proposal 25: For PUCCH repetitions without FH across SBFD symbols and non-SBFD symbols in different slots, where each repetition has either all SBFD or all non-SBFD symbols, support the following options:
· Option 2: Same PUCCH resource is determined for PUCCH repetitions across SBFD and non-SBFD symbols. A PUCCH repetition overlapping with PRBs outside UL usable PRBs in SBFD symbols is postponed.
· PUCCH available slot counting in SBFD symbols only counts PUCCH repetitions with PRBs entirely within UL usable PRBs
· FFS how to determine PUCCH resource
· Option 4: PUCCH resources for PUCCH repetitions across SBFD and non-SBFD symbols are determined based on separate starting PRB configurations for SBFD and non-SBFD symbols

· Separate power control and/or spatial relation for UL
Regarding separate power control and/or spatial relation for SRS, PUCCH and PUSCH in SBFD symbols and non-SBFD symbols, the following agreement was achieved during RAN1#116bis meeting.
Agreement
Study the feasibility and enhancements to support separate power control and/or spatial relation for SRS, PUCCH and PUSCH in SBFD and non-SBFD symbols in different slots, including repetition and non-repetition, by considering existing schemes, e.g. multi-TRP PUCCH/PUSCH repetition schemes.


Based on our understanding, to support separate power control and/or spatial relation for SRS, PUCCH and PUSCH in SBFD symbols and non-SBFD symbols in different slots, existing multi-TRP PUCCH/PUSCH repetition schemes can be reused as much as possible. For example, if Rel-17 schemes are reused as a starting point, 
· For SRS, the gNB may configure two SRS resource sets with usage set to 'codebook' or 'nonCodebook' for a SBFD aware UE, of which one is applied to non-SBFD symbols, and the other is applied to SBFD symbols.
· For PUCCH, the gNB may activate two sets of power control parameters (for FR1) or two spatial settings (for FR2) for a PUCCH resource used for repetitions of a PUCCH transmission for a SBFD aware UE, of which one is applied to non-SBFD symbols, and the other is applied to SBFD symbols.
· For PUSCH, 
· For codebook based transmission, two SRIs, and two TPMIs can be given by the DCI fields of two SRS resource indicator and two Precoding information and number of layers for DCI format 0_1 and 0_2, or given by srs-ResourceIndicator, srs-ResourceIndicator2, precodingAndNumberOfLayers, and precodingAndNumberOfLayers2 for CG Type 1. From the two SRIs or TPMIs, one is applied to non-SBFD symbols, and the other is applied to SBFD symbols.
· For non-codebook based transmission, two SRIs can be given by the DCI fields of two SRS resource indicator for DCI format 0_1 and 0_2, or given by srs-ResourceIndicator, and srs-ResourceIndicator2 for CG Type 1. From the two SRIs, one is applied to non-SBFD symbols, and the other is applied to SBFD symbols.
Proposal 26: To support enhancements for separate power control and/or spatial relation for SRS, PUCCH and PUSCH in SBFD symbols and non-SBFD symbols in different slots, existing multi-TRP PUCCH/PUSCH repetition schemes can be reused as a starting point.

· CSI reporting
The issue on CSI reporting associated with periodic/semi-persistent CSI-RS across SBFD symbols and non-SBFD symbols was discussed for several meetings during the SI phase. Based on the discussion, it was well understood that in many SBFD scenarios, separate CSI information for SBFD symbols and non-SBFD symbols is beneficial, since antenna/RF settings, as well as involved interferences, etc., may be different between SBFD symbols and non-SBFD symbols.
[bookmark: _Hlk159099496]Observation 1: In many SBFD scenarios, separate CSI information for SBFD symbols and non-SBFD symbols is beneficial, since antenna/RF settings, as well as involved interferences, etc., may be different between SBFD symbols and non-SBFD symbols.
In addition, based on discussion during the SI phase, the following description is captured in TR 38.858 [2].
…
For SBFD-aware UEs, the following options are studied for CSI report associated with periodic/semi-persistent CSI-RS, in case the periodicity is such that CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots (each CSI-RS resource within a slot has either all SBFD or all non-SBFD symbols):
-	Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
-	Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
-	Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
-	Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
-	Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
-	Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.
Note that whether the CSI-RS resource can be used for SBFD and non-SBFD symbols may depend on, e.g., gNB implementation of same/different antenna configuration in both symbols.
Option 1-1 can be supported according to existing specification by gNB configuration of appropriate periodicities to ensure that the CSI-RS associated with each CSI-ReportConfig is confined to either SBFD symbols or non-SBFD symbols only. But it may restrict the gNB configuration flexibility and enhancements can be considered by additional indication or rules to determine the CSI-RS is valid within one symbol type and is invalid in the other symbol type.
Option 2-2 can be supported according to existing specification to configure measurement restriction so that UE would not average CSI measurements across SBFD and non-SBFD symbols.
…

Based on the above description, Option 1-1 and Option 2-2 can be supported according to existing specification, while Option 1-2 or Option 2-1 requires more specification efforts. Therefore, Option 1-1 and Option 2-2 are supportable naturally.
Besides, in Rel-18 NES, more than one sub-configuration can be configured in a CSI-ReportConfig, and each sub-configuration corresponds to a list of one or more CSI-RS resources or a CSI-RS antenna port subset, and/or a power offset for PDSCH relative to CSI-RS. Therefore, Option 2-1 can also be supported with limited enhancement, e.g., using different sub-configurations in a CSI-ReportConfig for CSI reporting for SBFD symbols and non-SBFD symbols respectively.
Proposal 27: For SBFD-aware UEs and for CSI reporting associated with periodic/semi-persistent CSI-RS across SBFD symbols and non-SBFD symbols in different slots (each CSI-RS resource within a slot has either all SBFD symbols or all non-SBFD symbols), support Option 1-1 (two CSI-ReportConfigs, each associated with respective CSI-RS), Option 2-1 (one CSI-ReportConfig associated with two CSI-RSs) and Option 2-2 (one CSI-ReportConfig associated with one CSI-RS).
4.2.2. Case II: A transmission/reception occasion overlaps with both SBFD symbols and non-SBFD symbols in the same slot
Regarding Case II, it is related to the discussion on whether or not a slot can consist of both SBFD symbols and non-SBFD symbols, which was concluded in RAN1#116 meeting with the agreement that a slot can consist of SBFD symbols and non-SBFD symbols. 
Based on discussion during the SI phase, the following description is captured in TR 38.858 [2].

…
RAN1 studied whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, and whether a UE can transmit/receive in the occasion mapped to SBFD symbols and non-SBFD symbols including:
-	Use-case(s) including the locations and number of transition points of the SBFD and non-SBFD symbols in the slot.
-	Potential benefits if any
-	Phase continuity
-	Potential interruption of transmissions/receptions during transition
-	Required guard time if any
-	Potential impact on performance
-	Impact on link adaptation, channel estimation, and other procedures
-	UL transmission timing if any
-	Implementation complexity
-	Applicability for SBFD aware UE and non-SBFD aware UEs
-	NOTE: There are more than one scenario where a transmission overlaps SBFD and non-SBFD symbols and some may or may not face the aspects listed above
-	NOTE: This study doesn’t mean RAN1 agreement on a slot consisting of SBFD and non-SBFD symbols.
For a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot if any, the following options for UE transmission/reception can be considered in the normative stage.
-	Option 1: UE does not transmit or receive the physical channel/signal within the slot.
-	Option 2: UE can transmit or receive the physical channel/signal within the slot only under certain conditions.
-	The conditions may depend on at least the following: whether or not phase continuity can be maintained across SBFD and non-SBFD symbols, whether or not there are same or different transmission/reception parameters e.g. power control, spatial/QCL, UL timing etc. applied in SBFD and non-SBFD symbols, and whether or not there is a guard period between the SBFD and non-SBFD symbols, etc.
-	Other options are not precluded.
…



Basically, not allowing a transmission/reception occasion to be mapped to both SBFD symbol(s) and non-SBFD symbol(s) can lead to simpler UE behaviours, but with some loss in flexibility. 
In our understanding, for dynamically scheduled transmission/reception occasions, they can be allowed to be mapped to both SBFD symbol(s) and non-SBFD symbol(s) in the same slot, and the UE performs corresponding transmissions/receptions accordingly, since it is fully under gNB’s control. To avoid excessive complexity, in this case, the transmission/reception parameters such as frequency domain resources, powers, spatial relation/QCL assumptions should be the same across SBFD symbols and non-SBFD symbols. It should be noted that there are scenarios where the gNB does not need to switch between different antenna/RF settings, or change the connections between Tx/Rx chains and antennal panel groups, or switch between different sets of configurations, when switching from SBFD symbols to non-SBFD symbols, or vice versa, and it is up to gNB’s implementation. Therefore, at least for these scenarios, no issue in terms of phase continuity, interruption, guard time, etc. can be observed.
For semi-statically configured transmissions/reception occasions, flexibility is not so critical, therefore it can be considered separately. To avoid potential complexity, it is preferred to not allow a transmission/reception to be mapped to both SBFD symbol(s) and non-SBFD symbol(s) in the same slot, unless consistent configuration across all symbols mapped by the transmission/reception can be guaranteed, in terms of frequency domain resources, antenna/RF settings, power configurations, etc. In addition, since it may be difficult to avoid all such mapping cases by gNB’s configuration, different from dynamically scheduled transmission/reception occasions, when a semi-statically configured transmission/reception occasion is mapped to both SBFD symbol(s) and non-SBFD symbol(s) in the same slot, and consistent configuration across SBFD symbols and non-SBFD symbols cannot be guaranteed, the UE can simply drop the occasion, i.e., do not transmit/receive in the occasion.
Proposal 28: A dynamically scheduled transmission/reception occasion is allowed to be mapped to both SBFD symbol(s) and non-SBFD symbol(s) in the same slot.
· The UE expects transmission/reception parameters in terms of frequency domain resources, antenna/RF settings, spatial relation/QCL assumptions, powers, etc. are the same across SBFD symbols and non-SBFD symbols, and transmits/receives in the occasion.
Proposal 29: A semi-statically configured transmission/reception occasion can be mapped to both SBFD symbol(s) and non-SBFD symbol(s) in the same slot.
· If consistent configuration (in terms of frequency domain resources, antenna/RF settings, power configurations, etc.) across SBFD symbols and non-SBFD symbols are guaranteed, the UE transmits/receives in the occasion;
· Otherwise, the UE drops/postpones the occasion.
4.3. Collision handling in SBFD symbols
Regarding collision handling in SBFD symbols, the following agreement was achieved during RAN1#116 meeting, where potential collision cases are identified.
Agreement:
For SBFD-aware UEs, collisions between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol may be addressed or alleviated with proper scheduling. The following cases of potential collisions, [if link direction indication is not supported or provided], can be further studied to see if any change to the current specs is necessary:
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 6: Dynamic or semi-static DL vs. valid RO
Note: In addition to collision between UL transmission and DL reception in the same SBFD symbol(s), collision between UL transmission and DL reception in different symbol(s) due to lack of sufficient transition time between Tx/Rx at UE side is also included.


Discussion on Case 1 and Case 2 was concluded during RAN1#116bis meeting, with corresponding agreements listed in Annex. In the following, remaining cases will be discussed one by one.
· Case 3
For Case 3, it was discussed during RAN1#116bis meeting without consensus. The final version of the corresponding proposal is listed as below for reference.
Proposed Agreement:
For collision Case 3 (semi-statically configured DL reception vs. semi-statically configured UL transmission) in a SBFD symbol for SBFD-aware Ues, down-select from the following options.
· Option 1 (error case): 
· An SBFD-aware UE does not expect to receive both dedicated higher layer parameters configuring transmission in UL subband from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in DL subband(s) in the set of symbols of the slot
· An SBFD-aware UE does not expect to receive both dedicated higher layer parameters configuring transmission in UL subband from the UE in the set of symbols of the slot and cell specific higher layer parameters configuring reception in DL subband(s) in the set of symbols of the slot
· Cell-specifically configured DL reception refers to PDCCH in Type-0/0A/1/2 CSS set
· Option 2 (valid case): 
· Option 2-1: An SBFD-aware UE is indicated explicitly by gNB whether to transmit in UL subband or to receive in DL subband(s) in the SBFD symbol 
· Option 2-2: An SBFD-aware UE transmits in UL subband or receives in DL subband(s) in the SBFD symbol according to predefined rules and/or priority


Compared to operation on flexible symbols on a single carrier in unpaired spectrum of NR, which remains TDD at gNB side, more flexibility can be provided for SBFD operation, since both DL and UL resources exist in SBFD symbols. In this regard, Option 2 is preferred.
Between Option 2-1 and Option 2-2, Option 2-1 is preferred slightly, since the gNB is allowed to indicate link direction explicitly in our opinion, which is discussed in section 3.2. On the contrary, for Option 2-2, introduction of predefined rules and/or priority would involve much discussion, as well as significant specification effort. 
Proposal 30: For collision Case 3 (semi-statically configured DL reception vs. semi-statically configured UL transmission) in a SBFD symbol for SBFD-aware UEs, it is a valid case, and an SBFD-aware UE is indicated explicitly by the gNB whether to transmit in UL subband or to receive in DL subband(s) in the SBFD symbol.

· Case 4
Case 4 was also discussed during RAN1#116bis meeting but not concluded. The final version of the corresponding proposal is listed as below for reference.
Proposed Agreement:
For collision Case 4 (dynamically scheduled DL reception vs. dynamically scheduled UL transmission) in a SBFD symbol for SBFD-aware UEs, down-select from the following options.
· Option 1 (error case): 
· It is considered as an error case if a dynamically scheduled DL reception in DL subband(s) overlaps with a dynamically scheduled UL transmission in UL subband
· Option 2 (valid case): 
· Option 2-1: An SBFD-aware UE is indicated by gNB whether to transmit in UL subband or to receive in DL subband(s) in the SBFD symbol
· Option 2-2: An SBFD-aware UE transmits in UL subband or receives in DL subband(s) a physical channel/signal with higher priority in the SBFD symbol
· Option 2-3: An SBFD-aware UE transmits in UL subband or receives in DL subband(s) a physical channel/signal which is scheduled by a later DCI


Since dynamic scheduling is fully in the control of gNB in a dynamic manner, at least when no repetition is involved in any link direction, Case 4 can be regarded as an error case for simplicity. For the case when repetition is involved in at least one link direction, further discussion may be needed, since the gNB is difficult to avoid collision of DL reception and UL transmission in this case.
Proposal 31: For collision Case 4 (dynamically scheduled DL reception vs. dynamically scheduled UL transmission) in a SBFD symbol for SBFD-aware UEs, it is considered as an error case if a dynamically scheduled DL reception in DL subband(s) overlaps with a dynamically scheduled UL transmission in UL subband in the SBFD symbol at least when no repetition is involved in any link direction.
· FFS: the case when repetition is involved in at least one link direction

· Case 5
For Case 5, it was agreed during the SI phase that an UL subband can be configured in an SSB symbol. Consequently, some issues can be identified when configuring the UL subband within an SSB symbol.
The first issue is whether an SBFD-aware UE is allowed to transmit within the UL subband configured in an SSB symbol or not.
On one hand, SSB detection/measurement is involved in many cases/functions/procedures, such as initial access, beam management, radio link monitoring, mobility related measurement and reporting, etc. Besides, SSB detection/measurement is performed by all UEs in the network, including legacy UEs, SBFD aware UEs, etc. Therefore, SSB performance should be protected as much as possible, especially for legacy UEs. On the other hand, if any transmission is not allowed within the UL subband configured in an SSB symbol, it may introduce excessive restriction on SBFD operation, and UL performance may be degraded.
Based on the above analysis, it is slightly preferred that UL transmissions that fulfilling specific condition(s) can be allowed within the UL subband configured in an SSB symbol, e.g. including UL transmissions with transmit powers below a predefined threshold, to avoid or mitigate potential impact on SSB performance. We are open to discuss details about the allowed UL transmissions within the UL subband configured in an SSB symbol.
Another issue is how to determine SSB symbols for a TDD carrier. For example, whether both CD-SSB and NCD-SSB, if configured, are considered to determine SSB symbols? Furthermore, if an SSB for the TDD carrier is not overlapped with, or not completely contained in the active DL BWP, whether the SSB is considered when determining SSB symbols?
In addition, since UL transmissions may be performed in the UL subband configured in an SSB symbol, it is beneficial to discuss the issue whether the UL subband is allowed to overlap with SSB(s) in the SSB symbol. For simplicity, it is straightforward that the UL subband should not overlap with SSB(s) in the SSB symbol. Therefore, all frequency resources within the UL subband in the SSB symbol can be usable if specific condition(s) is fulfilled.
Proposal 32: UL transmissions that fulfilling specific condition(s) are allowed within the UL subband configured in an SSB symbol.
· The UL subband does not overlap with SSB(s) in the SSB symbol.
· FFS: specific condition(s). 
· FFS: determination of SSB symbols.

· Case 6
For Case 6, since how to determine valid ROs for SBFD aware UEs is still under discussion in AI 9.3.2, we can wait for the outcome. After all related information is available, discussion on Case 6 can be continued. Alternatively, Case 6 can be discussed totally in AI 9.3.2.
5. Conclusion
In this contribution, SBFD related operations are discussed in details, including semi-static configuration of SBFD subbands, transmission and reception behaviours on SBFD subbands, and potential enhancements for SBFD operation, with the following observation and proposals:
Observation 1: In many SBFD scenarios, separate CSI information for SBFD symbols and non-SBFD symbols is beneficial, since antenna/RF settings, as well as involved interferences, etc., may be different between SBFD symbols and non-SBFD symbols.

Proposal 1: For SBFD aware UEs in RRC_CONNECTED mode, cell-specific configuration on frequency location of SBFD subbands is supported within a TDD carrier.
Proposal 2: No Rx filter at UE side is assumed for suppression/mitigation of inter-UE CLI.
Proposal 3: Cell-specific configuration of SBFD subband time and frequency locations can be carried in SIB or UE-specific RRC signaling.
Proposal 4: For semi-static configuration of SBFD subband time locations within a period, at least when only one TDD-UL-DL pattern is configured, the period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
Proposal 5: For semi-static configuration of SBFD subband time locations within a period, when two TDD-UL-DL patterns are configured, the period is the sum of two periods corresponding to two configured TDD-UL-DL patterns, respectively.
Proposal 6: To configure consecutive SBFD symbols within a TDD-UL-DL pattern period, indicate either the starting SBFD symbol and the number of SBFD symbols, or the starting SBFD symbol and the ending SBFD symbol, corresponding to the consecutive SBFD symbols.
Proposal 7: For semi-static configuration of SBFD subband frequency locations in SBFD symbols:
· Frequency locations of UL subband and DL subband(s) are explicitly configured. 
· Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s).
Proposal 8: UL subband is configured in UL SCS-SpecificCarrierList in FrequencyInfoUL-SIB or FrequencyInfoUL, and DL subband(s) is configured in DL SCS-SpecificCarrierList in FrequencyInfoDL-SIB or FrequencyInfoDL.
Proposal 9: Reuse the way of configuring frequency resources for a BWP to configure frequency location for a UL or DL subband, i.e. by a RIV value in frequency domain.
Proposal 10: 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.
Proposal 11: For SBFD-aware UE transmission and reception in an SBFD symbol:
· If link direction is indicated by the gNB explicitly, the UE determines to transmit or receive according to the link direction indication. Transmissions/receptions with a different link direction from the link direction indicated by the gNB are cancelled/dropped.
· Link direction can be indicated by reusing TDD-UL-DL-ConfigDedicated and/or dynamic SFI.
· Otherwise if link direction is not indicated by the gNB explicitly, the UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).
Proposal 12: For SBFD aware UE behaviours with interaction with TDD-UL-DL-ConfigDedicated in SBFD symbols indicated as flexible in TDD-UL-DL-ConfigCommon, the following alternatives can be considered:
· Alt. 1: The UE does not expect to be provided with TDD-UL-DL-ConfigDedicated and configured with SBFD symbols simultaneously for a TDD carrier.
· Alt. 2: TDD-UL-DL-ConfigDedicated shall only indicate link direction for non-SBFD symbols.
· Alt. 3: TDD-UL-DL-ConfigDedicated may indicate direction for SBFD symbols.
· Alt. 3-1: TDD-UL-DL-ConfigDedicated shall indicate a same direction for a SBFD symbol as that indicated for the SBFD symbol by TDD-UL-DL-ConfigCommon.
· Alt. 3-2: The indication of TDD-UL-DL-ConfigDedicated for a SBFD symbol is invalid or inapplicable.
· Alt. 3-3: TDD-UL-DL-ConfigDedicated indicates the usable SBFD subband(s) for a SBFD symbol.
Proposal 13: For SBFD aware UE behaviours in SBFD symbols with interaction with dynamic SFI, the following alternatives can be considered:
· Alt. 1: The UE does not expect to be configured to monitor dynamic SFI and configured with SBFD symbols simultaneously for a TDD carrier.
· Alt. 2: Dynamic SFI, if detected, shall only indicate link direction for non-SBFD symbols.
· Alt. 3: Dynamic SFI, if detected, may indicate direction for SBFD symbols.
· Alt. 3-1: A detected dynamic SFI shall indicate a same direction for a SBFD symbol as that indicated for the SBFD symbol by TDD-UL-DL-ConfigCommon and/or TDD-UL-DL-ConfigDedicated.
· Alt. 3-2: The indication of the detected dynamic SFI for a SBFD symbol is invalid or inapplicable.
· Alt. 3-3: The detected dynamic SFI indicates the usable SBFD subband(s) for a SBFD symbol.
· FFS: UE behavior in a case if the UE is configured to monitor dynamic SFI, but does not detect a dynamic SFI for a SBFD symbol.
Proposal 14: For frequency resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, support Option 1-1, i.e., 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
Proposal 15: If PRG is determined as wideband for a PDSCH, support Option1, i.e., non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated for the PDSCH.
Proposal 16: If PRG is determined as wideband for a PDSCH, and non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband are allocated for the PDSCH, frequency resources within each DL subband share the same precoding assumption, and precoding assumptions for frequency resources in the two DL subbands can be different.
Proposal 17: For frequency resource allocation for CSI-RS across DL subbands for SBFD-aware UEs, support Option 2-2, i.e., one CSI-RS resource is configured, where one contiguous CSI-RS resource allocation for the CSI-RS resource is indicated, with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband(s).
Proposal 18: For frequency resource allocation Type 0 for PDSCH (or PUSCH) in a single slot by DCI based scheduling (without repetition or TBoMS), if at least one assigned RBG overlaps with subband boundary, the number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs (or UL usable PRBs) only for the PDSCH (or the PUSCH).
Proposal 19: Partial PRG with size 2 or 4 at DL subband boundaries can be supported, or avoided by gNB implementation.
Proposal 20: For an SPS PDSCH configuration without repetition, 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, support the following options:
· Option 3: An SPS PDSCH reception occasion overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid.
· Option 5: Only the assigned PRBs within DL usable PRBs in SBFD symbols are considered to be valid for SPS PDSCH.
Proposal 21: For a CG PUSCH configuration without repetition, 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, support the following options:
· 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 5: Only the assigned PRBs within UL usable PRBs in SBFD symbols are considered to be valid for CG PUSCH 
Proposal 22: 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 multiple PDSCHs 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, support the following options:
· 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 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.
Proposal 23: For PUSCH repetitions with 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 multiple PUSCHs 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, support the following options:
· 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 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.
Proposal 24: For MOs of a search space associated to a CORESET across SBFD symbols and non-SBFD symbols where each MO has either all SBFD or all non-SBFD symbols, and the associated CORESET overlaps the boundary of a DL subband in SBFD symbols, support the following options:
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s).
Proposal 25: For PUCCH repetitions without FH across SBFD symbols and non-SBFD symbols in different slots, where each repetition has either all SBFD or all non-SBFD symbols, support the following options:
· Option 2: Same PUCCH resource is determined for PUCCH repetitions across SBFD and non-SBFD symbols. A PUCCH repetition overlapping with PRBs outside UL usable PRBs in SBFD symbols is postponed.
· PUCCH available slot counting in SBFD symbols only counts PUCCH repetitions with PRBs entirely within UL usable PRBs
· FFS how to determine PUCCH resource
· Option 4: PUCCH resources for PUCCH repetitions across SBFD and non-SBFD symbols are determined based on separate starting PRB configurations for SBFD and non-SBFD symbols
Proposal 26: To support enhancements for separate power control and/or spatial relation for SRS, PUCCH and PUSCH in SBFD symbols and non-SBFD symbols in different slots, existing multi-TRP PUCCH/PUSCH repetition schemes can be reused as a starting point.
Proposal 27: For SBFD-aware UEs and for CSI reporting associated with periodic/semi-persistent CSI-RS across SBFD symbols and non-SBFD symbols in different slots (each CSI-RS resource within a slot has either all SBFD symbols or all non-SBFD symbols), support Option 1-1 (two CSI-ReportConfigs, each associated with respective CSI-RS), Option 2-1 (one CSI-ReportConfig associated with two CSI-RSs) and Option 2-2 (one CSI-ReportConfig associated with one CSI-RS).
Proposal 28: A dynamically scheduled transmission/reception occasion is allowed to be mapped to both SBFD symbol(s) and non-SBFD symbol(s) in the same slot.
· The UE expects transmission/reception parameters in terms of frequency domain resources, antenna/RF settings, spatial relation/QCL assumptions, powers, etc. are the same across SBFD symbols and non-SBFD symbols, and transmits/receives in the occasion.
Proposal 29: A semi-statically configured transmission/reception occasion can be mapped to both SBFD symbol(s) and non-SBFD symbol(s) in the same slot.
· If consistent configuration (in terms of frequency domain resources, antenna/RF settings, power configurations, etc.) across SBFD symbols and non-SBFD symbols are guaranteed, the UE transmits/receives in the occasion;
· Otherwise, the UE drops/postpones the occasion.
Proposal 30: For collision Case 3 (semi-statically configured DL reception vs. semi-statically configured UL transmission) in a SBFD symbol for SBFD-aware UEs, it is a valid case, and an SBFD-aware UE is indicated explicitly by the gNB whether to transmit in UL subband or to receive in DL subband(s) in the SBFD symbol.
Proposal 31: For collision Case 4 (dynamically scheduled DL reception vs. dynamically scheduled UL transmission) in a SBFD symbol for SBFD-aware UEs, it is considered as an error case if a dynamically scheduled DL reception in DL subband(s) overlaps with a dynamically scheduled UL transmission in UL subband in the SBFD symbol at least when no repetition is involved in any link direction.
· FFS: the case when repetition is involved in at least one link direction
Proposal 32: UL transmissions that fulfilling specific condition(s) are allowed within the UL subband configured in an SSB symbol.
· The UL subband does not overlap with SSB(s) in the SSB symbol.
· FFS: specific condition(s). 
· FFS: determination of SSB symbols.
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Agreements achieved during RAN1#116bis meeting are listed as follows for reference.
· Semi-static configuration of SBFD subbands
· General
Agreement
A symbol configured as SBFD symbol via cell-specific configuration cannot be reverted to a non-SBFD symbol via any UE-specific configuration or group-common signaling.
A symbol not configured as SBFD symbol via cell-specific configuration cannot be reverted to an SBFD symbol via any UE-specific configuration or group-common signaling.

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

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

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

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

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

[bookmark: _Hlk165987413]Agreement
For PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PDSCH within a slot has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate FDRA configuration/indications/interpretations for SBFD symbols and non-SBFD symbols
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type 
· Option 3: A PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid, e.g. the PDSCH in the slot is dropped
· Option 4: Only PDSCH in one symbol type is valid and PDSCH in the other symbol type is invalid
· Option 5: For a PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols, only the assigned PRBs within DL usable PRBs are considered to be valid 
· Option 6: gNB does not schedule any PDSCH in SBFD symbols in a slot to be overlapping with PRBs outside DL usable PRBs
· Other options are not precluded
· FFS: Applicable conditions

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

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

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