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Introduction
In RAN#102, a new WID on NR duplex evolution is endorsed in [1]. In RAN1#116bis, the following agreements are reached [2][3]. 
	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.
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.
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 frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, discuss and decide whether/which of the following options is supported.
· Option 1-1: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only
· FFS: DMRS sequence mapping 
· Option 1-2: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs as legacy
· FFS: DMRS sequence mapping 
· Option 2: Introduce new RB indexing/PRB bundle indexing to ensure VRBs are mapped to DL usable PRBs only.
· Existing VRB-to-PRB mapping is reused
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 
· Option 3: Modify VRB-to-PRB mapping interleaver to ensure VRBs are mapped to DL usable PRBs only.
· Existing RB indexing/PRB bundle indexing is reused
· If the interleaver is not enabled, Option 1-1 or Option 1-2 is used
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 
Agreement
For cell-specific configuration of frequency locations of SBFD subbands,
· Option 1: Cell-specific frequency locations of SBFD subbands are separately configured for each SCS configuration in SCS-SpecificCarrierList.
· For each SCS configuration, the reference starting PRB is the PRB determined by the SCS configuration and offsetToCarrier corresponding to this subcarrier spacing.
Agreement
For an SPS PDSCH configuration without repetitions, if the reception occasions are across SBFD symbols and non-SBFD symbols where each reception occasion has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate resource allocations for SBFD symbols and non-SBFD symbols
· FFS other separate configurations for SBFD symbols and non-SBFD symbols
· Option 2: Single resource configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type
· Option 3: An SPS PDSCH reception occasion overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid 
· Option 4: Only SPS PDSCH reception occasion in one symbol type is valid and SPS PDSCH reception occasion in the other symbol type is invalid 
· Option 5: Only the assigned PRBs within DL usable PRBs in SBFD symbols are considered to be valid for SPS PDSCH
· Other options are not precluded
For a CG PUSCH configuration without repetitions, if the transmission occasions are across SBFD symbols and non-SBFD symbols where each transmission occasion has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate resource configurations for SBFD symbols and non-SBFD symbols
· FFS type 2 CG PUSCH
· FFS other separate configurations for SBFD symbols and non-SBFD symbols
· Option 2: Single resource configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type
· Option 3: A CG PUSCH transmission occasion overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid
· Option 4: Only CG PUSCH transmission occasion in one symbol type is valid and CG PUSCH transmission occasion in the other symbol type is invalid 
· Option 5: Only the assigned PRBs within UL usable PRBs in SBFD symbols are considered to be valid for CG PUSCH 
· Other options are not precluded
Agreement
If link direction indication is not supported nor provided for a SBFD symbol, for collision Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission) in the SBFD symbol for SBFD-aware UEs, reuse the existing collision handling principles in NR for operation on flexible symbols on a single carrier in unpaired spectrum, i.e. UE does not receive DL channel/signal.
· The above does not imply link direction indication is supported
· FFS on dynamically scheduled UL transmission with repetition
Agreement
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
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


In this contribution, we provide our analysis for SBFD aware UEs in RRC_CONNECTED mode for the aspects including subband configuration and UE transmission/reception/measurement behavior and procedures.
SBFD configuration
According to the WID [1], one of the objectives is to semi-statically indicate the time and frequency location of SBFD subbands. These aspects have been thoroughly studied in the SI phase [4], and reached preliminary progress in RAN1#116 and RAN1#116bis. 
Time domain configuration of SBFD subbands
Regarding time locations of SBFD subbands, the following agreements were reached in RAN1#116. 
	Agreement:
For RRC connected mode UEs, SBFD subband time locations are configured within a period. At least when only one TDD-UL-DL pattern is configured, the period is down-selected from one of the following options.
· [bookmark: OLE_LINK1]Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· Option 2: The period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· FFS: Further details
FFS: Details when two TDD-UL-DL patterns are configured

Agreement
A slot can consist of SBFD symbols and non-SBFD symbols.
For semi-static indication of SBFD subband time location,
· When only one TDD-UL-DL pattern is configured, SBFD symbols are configured in consecutive manner within a TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for only one of the patterns, SBFD symbols are configured in consecutive manner within the TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for both patterns, SBFD symbols are configured in consecutive manner within each TDD-UL-DL pattern period.
· SBFD symbols are configured in DL and/or flexible symbols configured in TDD-UL-DL-ConfigCommon
· The configured SBFD symbols can start from any symbol within a slot and can end in any symbol within a slot.
· [bookmark: OLE_LINK29]referenceSubcarrierSpacing in TDD-UL-DL-ConfigCommon is used as reference SCS.
· FFS details



When only one TDD-UL-DL pattern is configured, our view is Option 1 may be sufficient. On the other hand, Option 2 is more flexible and is a super set of Option 1. From NW perspective, we are open to discuss Option 2 if there is clear motivation. 
Proposal 1: When only one TDD-UL-DL pattern is configured, support Option 1 if no clear motivation identified for Option 2. 
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.

When two TDD-UL-DL patterns are configured, SBFD subband time locations can be separately configured within each TDD-UL-DL pattern period, as illustrated in Figure 1. This allows better flexibility to accommodate different UL-DL configuration in each pattern. 
[image: ]
Figure 1 The time domain location of SBFD when two TDD-UL-DL patterns are configured
Proposal 2: When two TDD-UL-DL patterns are configured, SBFD subband time locations are separately configured within each TDD-UL-DL pattern period. 
Frequency domain configuration of SBFD subbands
Cell-specific configuration or UE specific configuation
Our understanding of the subband configuration in the frequency domain is illustrated in Figure 2. 
[image: ]
Figure 2: Illustration of Option 1 for frequency location configuration of DL/UL subband(s) 
It is important to first clarify the following two aspects standing from different perspectives. 
· From configuration (NW) perspective, the frequency location of DL/UL subbands is cell-specific and kept the same among different symbols. 
· This is to simply gNB implementation complexity. 
· Only one UL subband and up to 2 DL subbands for SBFD operation in an SBFD symbol within a TDD carrier. 
· From transmission/reception (UE) perspective, the frequency location of DL/UL subbands is determined by UE specifically. 
· This is to accommodate different UEs with different bandwidth capabilities (e.g., Redcap UE) and to allow better scheduling flexibility. 
In this context, the first step is to configure cell-specific DL/UL subbands to all SBFD aware UEs. Then, each UE determines the actual DL/UL subbands for transmission and reception. Therefore, we propose to confirm the following working assumption.
	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


Proposal 3: Confirm the working assumption regarding cell-specific configuration on frequency location of SBFD subbands within a TDD carrier.
· Only one UL subband and up to 2 DL subbands are allowed in an SBFD symbol within a TDD carrier. 
· The cell-specific configuration is signaled by SIB1. 
Regarding whether to additionally introduce UE specific configuration on frequency location of SBFD subbands, it is related to the determination of UL/DL usable PRBs. 
Observation 1: Whether to additionally introduce UE specific configuration on frequency location of SBFD subbands is related to the determination of UL/DL usable PRBs. 
Determination of UL/DL usable PRBs
Regarding whether to additionally introduce UE specific configuration on frequency location of SBFD subbands, it is related to the following agreement. 
	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.


The ‘UL/DL usable PRBs’ can be considered as ‘UE-specific UL subband’ if the active BWP is a UE specific BWP. If Option 1 is supported, UE-specific UL subband can be determined implicitly without any additional signalling, while Option 2 is to configure the UE-specific UL subband explicitly. In our view, Option 2 would cause additional signalling without clear benefits. 
Proposal 4: For determining UL/DL usable PRBs, support Option 1. 
· 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.

Explicit indication of DL subband(s) or guardband(s)
For indication of frequency locations, the following agreement was reached in RAN1#116bis. 
	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).


According to the WID, it is clear that the frequency boundary of DL subband(s) needs to be defined so as to define UE transmission/reception behavior across the boundaries. However, from RAN1 perspective, it’s no need to explicitly specify the guardband(s). As agreed in SI, SBFD aware UE does not transmit/receive UL/DL on the guardband(s) and we do not see any motivation to do CLI measurement on the guardband(s). 
In RAN4#110bis, the following agreement was reached, and RAN4 will further discuss the necessity of standardize the guardband. 
	· Agreement: 
· It is within RAN4 scope to study/specify the limitation or restriction on the size of subband/guardband, by taking account different feasible BS/UE implementations.
· FFS how RAN4 specification captures the subband configurations 
· FFS the necessity of standardize the guardband;
· If needed, FFS the sizes of guardband in RAN4 shall be decided. 



Proposal 5: RAN1 does NOT need to further discuss the necessity of guardband and other potential restrictions on the size of subband/guardband. 
Regardless of RAN4 outcome, we think Option 1 is sufficient. 
Proposal 6: For semi-static indication of SBFD subband frequency location, support 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).

Configuration details
Regarding the configuration of frequency domain location of SBFD, the following agreements have been reached in RAN1#116 and RAN1#116bis.  
	Agreement
The subband frequency-domain resources are same across different SBFD symbols within a TDD carrier. Frequency location of cell specific UL subband, and DL subband(s) if explicitly indicated, are indicated with reference to CRB grid.
· RB-level granularity is supported for semi-static indication of SBFD subband frequency location.
· [bookmark: OLE_LINK32]Subject to RAN4 guidance on the size of subband/guardband, if any
· FFS reference starting RB and reference SCS
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.



According to above agreements, a configuration example is shown in Figure 3, where the start positions of subbands refer to CRB grid. That is, a UE first determines the start of UL subband by ‘Point A + offsetToCarrier + locationAndSubandwidth’, wherein ‘Point A + offsetToCarrier’ is to determine the start of carrier bandwidth as legacy. Similar as BWP indication, a new RRC parameter locationAndSubandwidth can be introduced parameter which indicates an offset to the start of carrier bandwidth and the length of the UL subband. For DL subbands, it can be determined similarly as UL suband, or can be simplified to save signalling overhead if needed.  
[image: ]
Figure 3 The frequency domain location of SBFD is configured only in part of carrier bandwidth
Proposal 7: For cell-specific configuration of frequency locations of SBFD subbands, similar approach as BWP indication can be reused for indicating the start and length of subbands.
· FFS details. 
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Furthermore, the relationship between the SBFD frequency resources and the carrier bandwidth should be further discussed. As shown in Figure 3, the frequency domain location of subband is configured only in part of the carrier bandwidth. Some of the frequency resources can be reserved for some legacy UEs. That is, the legacy UEs and SBFD aware UEs are fully FDMed in the configured carrier. Another example is that NW may configure the size of subband (including DL/UL subbands and guardbands) equals to the size of carrier bandwidth. In such case, it is up to NW scheduling to avoid collision of legacy UEs and SBFD aware UEs in SBFD symbols. 
Proposal 8: The frequency resources configured for SBFD subbands can be a subset or full set of the carrier bandwidth. 
UE behavior and procedures in SBFD symbols and/or non-SBFD symbols 
In this section, it expects huge efforts required due to the involvement of UE behavior and procedures for many aspects.  From our perspective, RAN1 should strive for simple solutions with minimized specification impact to reduce the workload. The conclusion/alternatives reached during the SI phase [4] should serve as the baseline. 
Transmission and reception behaviours
[bookmark: _Hlk157711797]Tx/Rx occasion mapped to SBFD and non-SBFD symbols within a slot
For a physical channel/signal with transmission/reception occasion mapped to SBFD and non-SBFD symbols within a slot, it’s preferable to define simplified solutions with minimized specification impacts. For most cases, it’s sufficient to not allow UE to transmit or receive the physical channel/signal within a slot. However, given a nominal repetition of PUSCH repetition type B can split into different actual repetitions if different Tx parameters are used. PUSCH repetition type B can be naturally fit into the transmission in different symbol types within a slot. Therefore, we have the following proposal.
[bookmark: _Hlk162628294][bookmark: _Hlk162255604]Proposal 9: For a physical channel/signal with transmission/reception occasion mapped to SBFD and non-SBFD symbols within a slot, SBFD aware UE does not transmit or receive the physical channel/signal within the slot, except for PUSCH repetition type B. 
· [bookmark: OLE_LINK34]If a nominal repetition of PUSCH repetition type B maps to SBFD and non-SBFD symbols within a slot, the nominal repetition is segmented into multiple actual repetitions. 
Enhancement on resource allocation in the frequency domain 
In the WID [1], the following objectives for resource allocation in the frequency domain in SBFD symbols are approved. In the following, we will discuss the two sub-bullets in separate subsections.
	· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· 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, PRG


FDRA across two DL subbands
Given that NW may configure up to two DL subbands, a DL transmission may be across two DL subbands. Figure 4 shows that a PDSCH or a CSI-RS resource may be across two DL subbands. 
[image: ]
Figure 4 FDRA across two DL subbands
In the following, we focus on the UE behaviour if PDSCH or CSI-RS is across two DL subbands. Regarding other channels/signlas, e.g., PDCCH/CORESET, these are separately discussed in Section 1.2.5.  
Wideband PRG
The precoding granularity could be determined as one of the values among {2, 4, wideband}. If PRG is determined as ‘wideband’, a UE is not expected to be scheduled with non-contiguous PRBs. In our view, such restriction should be kept for SBFD operation. That is, if ‘wideband’ PRB is used, Option 2 (non-contiguous frequency resources across two DL subbands cannot be allocated) should be adopted. If NW wants to schedule a PDSCH across two DL subbands, it should enable precoding granularity of 2 or 4. In addition, the PRG size can still follow legacy rules, which is based on BWP size. 
	TS 38.214, Clause 5.1.2.3

If  is determined as "wideband", the UE is not expected to be scheduled with non-contiguous PRBs and the UE may assume that the same precoding is applied to the allocated resource associated with a same TCI state or a same QCL assumption.


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





The first PRG size is given by  and the last PRG size given by  if , and the last PRG size is if . For PDSCH scheduled by PDCCH with DCI scrambled using G-RNTI or G-CS-RNTI,  is the starting PRB of the CFR and  is the CFR.

	Agreement(RAN1#112b)
If PRG is determined as wideband, study the following two options:
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· FFS: Precoding assumption within and across the two DL subbands
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
The study should include the impact on UE complexity



With above, we don’t see any enhancement is needed for PDSCH scheduling with wideband PRG. 
[bookmark: _Hlk162628309][bookmark: OLE_LINK33]Proposal 10: If wideband PRG of PDSCH, no functionality enhancement is needed. 
· Option 2 is supported, i.e., non-contiguous frequency resources across two DL subbands cannot be allocated. 
· Legacy rules on determination of PRG size with in DL BWP are reused. 

PDSCH FDRA type 1 across two DL subbands
In RAN1#116bis, the following agreement was reached for FDRA Type 1. 
	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 



[bookmark: _Hlk157711806]In our view, all above options work well and have similar PDSCH performance. Therefore, one important criterion is the specification impact. Among all these options, Option 2 and Option 3 would cause larger specification impact, and therefore are not preferred by us. For Option 1-1 and Option 1-2, the main difference is how to perform the TBS determination. Our preference is to reuse legacy rules for TBS determination, i.e., Option 1-2. 
For DMRS mapping, the reference point of DMRS sequence generation in legacy is subcarrier 0 of the lowest-numbered RB in CORESET 0 or subcarrier 0 in CRB 0, and DMRS sequence is generated continuously in corresponding REs depending on the DMRS configuration type. To not change legacy assumption of DMRS sequence generation, it is better to perform puncturing for DMRS.   
[bookmark: _Hlk162628316]In addition, for a PDSCH scheduled by DCI, we don’t see any difference no matter the DCI is in USS or CSS. 
[bookmark: OLE_LINK37]Proposal 11: Regarding PDSCH RA type 1 FDRA across two DL subbands, Option 1-2 is supported. 
· 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
· Legacy DMRS sequence generation and mapping are reused. 

CSI-RS across two DL subbands
In the SI phase [2], RAN1 studied the impact and benefits of potential enhancements to resource allocation in the frequency domain for CSI-RS, and reached the following agreements.
	Agreement(RAN1#112)
Study the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs considering the following options:
· Option 1: Two contiguous CSI-RS resources that are linked
· Option 2: One CSI-RS resource
· Option 2-1: Non-contiguous CSI-RS resource allocation
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) 
Conclusion(RAN1#112b)
For the options agreed to study in RAN1#112 for frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, the following observations are agreed.
· 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
· Processing non-contiguous CSI-RS



The pros and cons of each option have been well concluded in SI phase. For Option 2-2, it is noted that the frequency resources of guardband should also be excluded as no CLI measurement needed in guardband. 
For simplicity with low workload, we prefer Option 2-2 by reusing the existing signalling design.
[bookmark: _Hlk162628324][bookmark: _Hlk157711819][bookmark: OLE_LINK35]Proposal 12: Regarding resource allocation in the frequency domain for CSI-RS in SBFD symbols, the following is supported. 
· One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s).
Handling of unaligned boundaries in the frequency domain
In the SI phase [4], RAN1 studied the impact and benefits of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG. The following related agreements were reached.   
	Agreement(RAN1#112)
For SBFD-aware UEs, study the at least following options for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands. For an RBG that overlaps the subband boundary,
· Option 1: 
· Part of the DL RBG inside the DL subband can be used
· Part of the UL RBG inside the UL subband can be used
· Option 2: 
· Part of the DL RBG inside the DL subband cannot be used
· Part of the UL RBG inside the UL subband cannot be used
FFS: The part of the RBG outside.
Agreement(RAN1#112b)
For SBFD-aware UEs, Option 1 with update is agreed for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands for better resource utilization. 
For an RBG that overlaps the subband boundary,
· Option 1 (with update): 
· The Part of the DL RBG inside the DL subband can be used
· The Part of the UL RBG inside the UL subband can be used

	Conclusion
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. 
· Note: UE complexity could increase if this feature is supported

	Agreement(RAN1#112b)
· For semi-static SBFD, for a CSI-RS resource which overlaps with SBFD subband boundaries, only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE.
· For semi-static SBFD, for a CSI reporting subband which overlaps with SBFD subband boundaries, CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s).


[image: ]
Figure 5. RBG/PRG/CSI subband across subband boundary
Figure 5 depicts that a RBG, PRG or CSI subband may be across subband boundary. In general, it’s better to apply the same principle for the handling of unaligned boundaries for different kinds of resource blocks. In this context, we provide our views on these aspects respectively below. 
RBG across subband boundary for DG PDSCH/PUSCH with FDRA Type 0 in a single slot
In RAN1#116bis, the following agreement was reached for FDRA Type 0. 
	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.


For FDRA Type 0, if an assigned RBG overlaps with the subband boundary, it has agreed that the PRBs outside DL/UL usable PRBs are considered to be invalid. The remaining issue is how to determine the TBS for this case, and there are two options on the table. 
· Option 1: The number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only. 
· Option 2: The number of PRBs for TBS determination is based on the assigned PRBs as legacy. 
In our view, legacy TBS determination rule can be reused, i.e., Option 2. In other words, the UE will perform rate matching within the DL/UL usable PRBs. Given the number of invalid PRBs for this case would be very few, it expects the performance impact would not be negligible. 
Proposal 13: For frequency resource allocation Type 0 for PDSCH or PUSCH in a single slot by DCI based scheduling (without repetition or TBoMS or multi-slot transmission), a UE performs rate matching within the valid PRBs, i.e., the number of PRBs for TBS determination is based on the assigned PRBs as legacy.
DL PRG across subband boundary for DG PDSCH in a single slot
Similar to RBG case, at least for single slot transmission scheduled by DCI, the following proposal can be supported. As for transmissions in different slots, it is separately discussed in Section 1.2.3.1. 
Proposal 14: For PDSCH in a single slot by DCI based scheduling (without repetition or TBoMS or multi-slot transmission), when a DL PRG overlaps with the subband boundary, only the PRBs within DL usable PRBs are considered to be valid. 
CSI subband across subband boundary
Similar to RBG case, we have the following proposal. 
[bookmark: OLE_LINK36][bookmark: _Hlk157711831]Proposal 15: Regarding handling of unaligned boundaries between SBFD subband(s) and CSI-RS resource/CSI reporting subband:
· For a CSI-RS resource which overlaps with SBFD subband boundaries, only CSI-RS resources within DL subband(s) are valid. 
· For a CSI reporting subband which overlaps with SBFD subband boundaries, CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s). 
· No change on CSI-RS sequence generation.
PDCCH
For PDCCH, it was discussed in SI whether it can be configured to be across subband boundary. In our view, at least for PDCCH transmitted in CORESET 0, it is too restrictive for NW to avoid its collision with subband boundary. Because interleaving is always used for PDCCH transmission in CORESET 0, and the size of initial DL BWP is equal to the size of CORESET 0 if the size of initial DL BWP is not explicitly configured yet. If PDCCH in CORESET 0 cannot be across subband boundary, it means the initial DL BWP cannot be across subband boundary. Then, given the center frequency of DL BWP and UL BWP shall be aligned, which may cause no usable UL PRBs if the bandwidth of the initial UL BWP is no larger than the bandwidth of the initial DL BWP, which is a typical configuration. As a consequence, UL transmission cannot be performed in SBFD symbols in such case. Figure 7 illustrates the issue as an example. 
[image: ]
Figure 7. Whether PDCCH in CORESET 0 can across subband boundary or not
If CORESET 0 is allowed to be across subband boundary, RAN1 needs to further discuss the corresponding UE behaviour, e.g., puncturing or rate matching the resources outside of DL subbands. 
[bookmark: _Hlk162628411]Proposal 16: For PDCCH transmitted at least in CORESET 0, it allows to be across subband boundary.
· FFS how to address the resources outside of DL subbands. 	

Enhancements on physical channels/signals across SBFD symbols and non-SBFD symbols in different slots
In the WID [1], the following objectives for physical channels/signals across SBFD symbols and non-SBFD symbols in different slots are approved. In the following, we will discuss the two sub-bullets in separate subsections.
	· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots


Resource allocation in frequency domain for transmission or reception in different symbol types in different slots
[bookmark: _Hlk157711844]PDSCH repetitions and multi-PDSCH scheduled by a single DCI 
The following agreement was reached in RAN1#116bis. 
	Agreement
For PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PDSCH within a slot has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate FDRA configuration/indications/interpretations for SBFD symbols and non-SBFD symbols
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type 
· Option 3: A PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid, e.g. the PDSCH in the slot is dropped
· Option 4: Only PDSCH in one symbol type is valid and PDSCH in the other symbol type is invalid
· Option 5: For a PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols, only the assigned PRBs within DL usable PRBs are considered to be valid 
· Option 6: gNB does not schedule any PDSCH in SBFD symbols in a slot to be overlapping with PRBs outside DL usable PRBs
· Other options are not precluded
· FFS: Applicable conditions



Firstly, our understanding of ‘PDSCH repetition’ in this proposal not only includes DG PDSCH repetition but also SPS PDSCH repetition, which is activated by a DCI.  There is no need to have different solutions for these two cases. 
[bookmark: OLE_LINK38]Regarding the options, depending on whether a UE has a capability to support PDSCH reception in different symbol types, more than one options can be considered. For instance, if a UE does not have such capability, then Option 4 is the only way to go. On the other hand, if a UE can support PDSCH reception in different symbol types, our preference is Option 2.  For Option 1, if separate FDRA indication is needed, it would cause larger signalling overhead. If it is based on single FDRA indication while different interpretations, then there is no difference compared to Option 2.  As for Option 3, 5, 6, it would impose scheduling restriction or impact the PDSCH performance and therefore not preferred. 
Proposal 17: For PDSCH repetitions (includes both DG PDSCH repetition and SPS PDSCH repetition) 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, support the following options. 
· If a UE does NOT have a capability to support PDSCH reception in different symbol types, support Option 4.
· FFS how to determine which symbol type is valid. 
· If a UE has a capability to support PDSCH reception in different symbol types, support Option 2.

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



Similarly, our understanding of ‘PUSCH repetition type-A’ in this proposal includes both DG PUSCH repetition type-A and CG type 2 PUSCH repetition type-A. There is no need to have different solutions for these cases. However, for CG type 1 PUSCH repetition, it can be separately discussed. In addition, we think the same frequency domain resource allocation method can also be applied to PUSCH repetition type B scheduled by a DCI. 
Similar to PDSCH reception, we have the following proposal. 
Proposal 18: For PUSCH repetition type-A (including both DG PUSCH repetition and CG type 2 PUSCH repetition) across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for PUSCH repetition type-B (including both DG PUSCH repetition and CG type 2 PUSCH repetition) across SBFD symbols and 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, support the following options. 
· If a UE does NOT have a capability to support PUSCH transmission in different symbol types, support Option 4.
· FFS how to determine which symbol type is valid. 
· If a UE has a capability to support PUSCH transmission in different symbol types, support Option 2.

SPS PDSCH without repetitions and CG PUSCH without repetitions
The following agreement was reached in RAN1#116bis. 
	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 
· [bookmark: OLE_LINK19]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 SPS PDSCH without repetition or CG type-2 PUSCH without repetition, if a UE has a capability to support reception/transmission in different symbol types, Option 2 is preferred since the reception or transmission is activated by DCI and can be considered similarly as DG PDSCH/PUSCH. 
For CG type-1 PUSCH without repetition, if a UE has a capability to support reception/transmission in different symbol types, Option 1 is preferred because separate FDRA configuration only cause a bit more RRC overhead, which is less concerned compared to the overhead in DCI. 
Proposal 19: 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, support the following options.
· If a UE does NOT have a capability to support PDSCH reception in different symbol types, support Option 4.
· FFS how to determine which symbol type is valid. 
· If a UE has a capability to support PDSCH reception in different symbol types, support Option 2.
Proposal 20: For a type-1 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, support the following options.
· If a UE does NOT have a capability to support PUSCH transmission in different symbol types, support Option 4.
· FFS how to determine which symbol type is valid. 
· If a UE has a capability to support PUSCH transmission in different symbol types, support Option 1.
Proposal 21: For a type-2 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, support the following options.
· If a UE does NOT have a capability to support PUSCH transmission in different symbol types, support Option 4.
· FFS how to determine which symbol type is valid. 
· If a UE has a capability to support PUSCH transmission in different symbol types, support Option 2.

[bookmark: _Hlk157712085]PUCCH repetitions associated with a DCI
Similar as DG PUSCH with repetitions, we have the following proposal. 
Proposal 22: For PUCCH repetitions associated with a DCI 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.
· If a UE does NOT have a capability to support PUCCH transmission in different symbol types, only PUCCH in one symbol type is valid and PUCCH in the other symbol type is invalid
· FFS how to determine which symbol type is valid. 
· If a UE has a capability to support PUSCH transmission in different symbol types, support single PUCCH resource 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. 

Periodic/semi-persistent PUCCH with or without repetition
[bookmark: OLE_LINK25]Similar as CG type-1 PUSCH with or without repetition, we have the following proposal. 
Proposal 23: For periodic/semi-persistent PUCCH with or 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.
· If a UE does NOT have a capability to support PUCCH transmission in different symbol types, Only PUCCH transmission occasion in one symbol type is valid and CG PUSCH transmission occasion in the other symbol type is invalid
· FFS how to determine which symbol type is valid. 
· If a UE has a capability to support PUCCH transmission in different symbol types, support separate PUCCH resource configurations for SBFD symbols and non-SBFD symbols. 

CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
In SI phase, the following related agreement was reached.
	Agreement(RAN1#112b)
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and non-SBFD symbols:
· Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
· Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
· Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
· Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
· Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
· Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.
· FFS impact on UE CSI processing and reporting timeline
Note: 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.



As agreed above, Option 1-1 can be supported according to existing specification while it may restrict the gNB configuration flexibility and the 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. In our view, Option 1-2 can address the issue of Option 1-1 by linking the CSI-RS resource in two CSI-ReportConfig while the reporting is still separate to different symbol types. Regarding Option 2-1, it is more complicated than Option 1-2 and therefore is not preferred. For Option 2-2, it requires additional measurement restriction and less compatible to existing reporting procedure.   
Based on the above analysis, we prefer Option 1-2.
[bookmark: _Hlk157712096]Proposal 24: For CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots, support the following option.
· 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.

Configuration for SRS/PUCCH/PUSCH on SBFD symbols and non-SBFD symbols
General configurations 
Based on the decision made in SI phase above, we agree that the baseline assumption is to have separate configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols. Further optimization to minimize the signaling overhead can be considered if it does not impact the transmission/reception performance or even simplify the specification impacts. For instance, it seems no need to configure separate time-domain resources of SRS/PUCCH/PUSCH for different symbol types. Because the typical case is that each of the slot, no matter is SBFD slot or non-SBFD slot, has the same available symbols for transmission/reception. Another example is that, if different HARQ-ACK codebook types can be configured to different symbol types, it would complicate the HARQ-ACK codebook construction procedure, and therefore no need for separate configuration. Further discussion is needed to check which parameters should be common for different symbol types. 
Proposal 25: Separate configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols should be the baseline. 
· [bookmark: OLE_LINK28]Support common configurations, e.g., the time domain resources of SRS/PUCCH/PUSCH and configurations related to HARQ-ACK feedback, e.g., k1 and HARQ-ACK codebook type. 
· 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.

If separate configurations for different symbol types are used, one follow-up question is which set of configurations is to be used for a transmission/reception. For instance, when a SBFD-aware UE receives a UL DCI in a legacy DL symbol, the UE does not know whether the scheduled PUSCH would be in SBFD symbols or in non-SBFD symbols or even both symbol types. This is because UE does not know which PUSCH TDRA table is used to determine the slot/symbol of the PUSCH. Similarly, the slot/symbol of HARQ-ACK transmission corresponding to a PDSCH scheduled by a DCI cannot be determined because UE does not know which k1 set should be used. Solutions are needed for a UE to determine which set of configurations for reception/transmission. In our view, different solutions may be needed for different types of transmissions. For example, the solutions may be different depending on whether the transmission/reception is dynamically scheduled or not, or depending on whether the transmission/reception is associated with one occasion or multiple occasions (e.g., PUSCH with repetitions). 
Observation 2: A UE may not know whether the scheduled transmission/reception is to be transmitted/received on SBFD symbol or non-SBFD symbol, and therefore may not know which set of configurations to be used. 
Proposal 26: If separate configurations for SBFD symbols and non-SBFD symbols are adopted, RAN1 further discusses how to determine which set of configurations are used for a transmission/reception.

Separate power control and/or spatial relation for SRS, PUCCH and PUSCH 
In RAN1#116bis, the following agreement was endorsed. Some further analysis is provided as follows.
	Agreement
[bookmark: OLE_LINK3][bookmark: OLE_LINK5][bookmark: OLE_LINK2]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.



Separate power control and/or spatial relation for PUCCH 
In the current specification, separate power control and/or spatial relation for multi-TRP PUCCH repetition are supported as follows:
	TS 38.213i20 9.2.6
[bookmark: OLE_LINK4]...
For , 
-	the UE repeats the PUCCH transmission with the UCI over  slots 
[bookmark: OLE_LINK17][bookmark: OLE_LINK9][bookmark: OLE_LINK18]-	if the UE is provided multipanelSFN-Scheme and apply-IndicatedTCIState = 'both', a repetition of the PUCCH transmission simultaneously uses first and second spatial domain filters corresponding to first and second TCI-State or TCI-UL-State
...
When a PUCCH resource used for repetitions of a PUCCH transmission by a UE includes 
[bookmark: OLE_LINK6]-	first and second spatial settings, or first and second sets of power control parameters, as described in [11, TS 38.321] and in clauses 7 and 7.2.1, or
-	first and second TCI-State or TCI-UL-State and apply-IndicatedTCIState = 'both', and the PUCCH resource does not include multipanelSFN-Scheme
the UE
-	uses the first and second spatial settings or the first and second indicated TCI-State or TCI-UL-State, or the first and second sets of power control parameters, for first and second repetitions of the PUCCH transmission, respectively, when ,
-	alternates between the first and second spatial settings or between the first and second indicated TCI-State or TCI-UL-State, or between the first and second sets of power control parameters, respectively, per  repetitions of the PUCCH transmission, where  if mappingPattern = 'cyclicMapping'; else, .


[bookmark: OLE_LINK10][bookmark: OLE_LINK7][bookmark: OLE_LINK13]For a PUCCH resource, a UE is provided with the first and second spatial settings or first and second sets of power control parameters. A UE can transmit different PUCCH repetitions using corresponding spatial setting and corresponding set of power control parameters according to the predefined rules. For example, a UE transmits the first and second repetitions of the PUCCH transmission with  using the first and second spatial settings or the first and second sets of power control parameters, respectively. That is, gNB can configure two sets of spatial settings or two sets of power control parameters for a PUCCH resource, and associate them with different TRPs.
[bookmark: OLE_LINK15][bookmark: OLE_LINK14][bookmark: OLE_LINK11]Similarly, for PUCCH transmission using a PUCCH resource in SBFD and non SBFD symbols in different slots, two sets of spatial settings or power control parameters can be configured separately and associated with SBFD symbols and non-SBFD symbols respectively.
[bookmark: OLE_LINK16][bookmark: OLE_LINK26]Proposal 27: For PUCCH transmission using one PUCCH resource in SBFD and non-SBFD symbols in different slots, two sets of spatial settings or power control parameters should be configured and associated with SBFD symbols and non-SBFD symbols, respectively.
In addition, RAN1 needs to further study whether/how to support SBFD operation in M-TRP scenario. For instance, the association between different symbol types and different TRPs. 
Proposal 28: RAN1 further studies whether/how to support the combination of SBFD operation and multi-TRP operation.

Separate power control and/or spatial relation for PUSCH 
[bookmark: OLE_LINK22]Similar to the PUCCH, two separate SRS resource sets are introduced for PUSCH repetition in case of multi-TRP or multi-panel. A UE can transmit different PUSCH repetitions using corresponding SRS resource set according to the indicated information or predefined rules. Similar approach can be applied to different symbol types here. 
Proposal 29: For PUSCH transmission using one PUSCH resource in SBFD and non-SBFD symbols in different slots, two SRS resource sets including spatial settings or power control parameters should be configured and associated with SBFD symbols and non-SBFD symbols, respectively. 
Separate power control and/or spatial relation for SRS 
Similar as separate power control and/or spatial relation for PUSCH/PUCCH, we have the following proposal. 
[bookmark: OLE_LINK40]Proposal 30: For SRS transmission in SBFD and non-SBFD symbols in different slots, two SRS resource sets including spatial settings or power control parameters should be configured and associated with SBFD symbols and non-SBFD symbols, respectively.
Collision handling between DL reception in DL subband(s) and UL transmission in UL subband
Intra-UE collision handling in SBFD subbands
In RAN1#116 the following agreements were reached for collision handling.   
	Agreement
For SBFD-aware UE transmission and reception in an SBFD symbol, consider the following options to determine link direction, i.e. whether to transmit or to receive in the SBFD symbol. 
· Option 1: UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).
· Option 2: link direction is indicated by gNB explicitly.
Other options are not precluded. 
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.



Regarding the two options for collision handling, our view is RAN1 may anyway need to discuss the collision handling case by case. Even for Option 2, it needs to discuss whether it can be applied for all cases or not and whether different UE capabilities required for different cases. In this sense, Option 1 should be the baseline. 
[bookmark: OLE_LINK20][bookmark: _Hlk162628419]Proposal 31: For intra-UE collision handling, Option 1 is supported as baseline.  
· Option 1: UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).

Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
The following agreement on Case 1 was reached in RAN1#116bis. 
	Agreement
If link direction indication is not supported nor provided for a SBFD symbol, for collision Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission) in the SBFD symbol for SBFD-aware UEs, reuse the existing collision handling principles and timeline in NR for operation on flexible symbols on a single carrier in unpaired spectrum, i.e. UL transmission is cancelled if cancellation timeline is met.
· The above does not imply link direction indication is supported
· [bookmark: OLE_LINK42]FFS on dynamically scheduled DL reception with repetition



One remaining issue is whether to take dynamically scheduled DL reception with repetition as a special case. The argument is that it may block the configured UL transmission in most of occasions. In our view, similar situation happens in legacy and we don’t think any special handling is needed. 
Proposal 32: For collision Case 1 and the dynamically scheduled DL reception is with repetition, reuse the existing collision handling principles and timeline in NR for operation on flexible symbols on a single carrier in unpaired spectrum. 
Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
The following agreement on Case 2 was reached in RAN1#116bis. 
	Agreement
If link direction indication is not supported nor provided for a SBFD symbol, for collision Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission) in the SBFD symbol for SBFD-aware UEs, reuse the existing collision handling principles in NR for operation on flexible symbols on a single carrier in unpaired spectrum, i.e. UE does not receive DL channel/signal.
· The above does not imply link direction indication is supported
· FFS on dynamically scheduled UL transmission with repetition


This is similar to Case 1 above, and similar handling rule can be applied. 
[bookmark: OLE_LINK21]Proposal 33: For collision Case 2 and the dynamically scheduled UL reception is with repetition, reuse the existing collision handling principles and timeline in NR for operation on flexible symbols on a single carrier in unpaired spectrum. 
Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
For conflicts between semi-statically configured UL transmissions and semi-statically configured DL receptions with same priority in the same SBFD symbols, it can be considered that UL transmission within the UL subband is always prioritized because the main purpose of introducing UL subband is to improve UL performance 
Proposal 34: For collision Case 3, prioritize semi-statically configured UL transmission. 
Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
For conflicts between dynamic UL transmission and dynamic DL reception with the same priority in the same SBFD symbols, it can leave up to gNB implementation to avoid such conflicts, and UE does not expect such conflicts to occur between dynamic UL transmission and dynamic DL reception.
Proposal 35: For collision Case 4, a UE does not expect such conflicts. 
Case 5: SSB vs. dynamically scheduled or configured UL transmission
This is one particular collision case which deserves more discussion and correspondingly may require a different solution. In SI phase, the following agreements were reached. 
	Agreement(RAN1#113)
An UL subband can be configured in an SSB symbol.
· Note: It is SSB from serving cell perspective, which can be CD-SSB or NCD-SSB.
· Whether actual UL transmission can be done is for further discussion
Agreement(RAN1#113)
The following conclusion is to be captured in the TR
If SBFD-aware UEs are not allowed to transmit in the SSB symbol but is allowed to receive within the DL BWP in the SSB symbol, negative impact on SSB detection and measurement can be avoided but UL performance may be degraded due to fewer UL opportunities.
If SBFD-aware UE is allowed to transmit in the SSB symbol, the UE may only transmit UL in an UL subband depending on gNB scheduling, configuration, UE measurement or priority rule. There may be negative impact on SSB detection and measurement if the SBFD-aware UE is requested to transmit in the SSB symbol.


Regarding collision between SSB and UL subband configuration, we think the agreement reached in SI phase should be followed. That is, an UL subband can be configured in an SSB symbol. This can simplify UL subband configuration as it may not be easy to avoid collisions with all SSBs. 
Once such configuration is allowed, it has pros and cons no matter a SBFD-aware UE is allowed to transmit in the SSB symbol or not, as well captured in the TR. One potential solution is to further categorize the SSB transmission into two types/groups as proposed in SI phase by some companies. Different collision handling rules can be applied to different SSB types as a middle ground to alleviate the impacts to SSB measurement and UL transmission performance. If SBFD-aware UE is NOT allowed to transmit in an SSB symbol, how to define the transmission/reception behaviour in the SSB symbol can be further discussed. 
[bookmark: _Hlk162628425]Proposal 36: Different collision handling rules can be applied to different SSBs to alleviate the impacts to SSB measurement and also ensure the UL transmission performance. 
Case 6: Dynamic or semi-static DL vs. valid RO
In our view, the collision handling of Case 6 can be discussed in AI 9.3.2. 
Case 7 (new): RSSI/RRM measurement resource vs. UL transmission 
In addition to the SSB measurement, a UE needs to perform the other measurements, e.g., the RSSI measurement and RRM measurement. A UE may measure the RSSI resource even though there is no DL signal transmitted on the RSSI resource for this UE. For RRM measurement, a UE may perform measurement within SMTC duration. The collision between the RSSI/RRM measurement resource and UL transmission should be also discussed. The collision handling method for collision between SSB and UL transmission can be reused.
Proposal 37: RAN1 needs to discuss collision between RSSI/RRM measurement resource and UL transmission.
UL inter-UE collision handling in SBFD subbands
During Rel-16 URLLC, two types of UL inter-UE multiplexing mechanisms were specified, i.e., UL cancelation and UL power control enhancement. 
[bookmark: OLE_LINK8]Regarding UL cancelation, a DCI format 2_4 is defined for indicating the cancelation resource. And the time domain range for the indicated resources is obtained by excluding symbols for reception of SS/PBCH blocks and DL symbols indicated by tdd-UL-DL-ConfigurationCommon. However, the UL subband can be configured in DL symbol or SS/PBCH block symbols, then there may be UL transmission in DL symbol or SS/PBCH block symbols. With the legacy rule, UL transmission in UL subband within a DL symbol or SS/PBCH block symbols cannot be cancelled by the DCI format 2_4. Therefore, how to apply the UL cancelation mechanism in the UL subband needs to be further studied. 
[bookmark: _Hlk162628443]Observation 3 UL transmission in UL subband within a DL symbol or SS/PBCH block symbols cannot be cancelled by the DCI format 2_4. 
[bookmark: OLE_LINK12]Regarding UL power control enhancement, two sets of power control parameters are defined. And an ‘open-loop power control parameter set indication’ field is introduced in the UL scheduling DCI formats for indicating the used power control parameter sets. Then, two sets of power control parameters can be used to match the power control requirements when uplink transmission with or without inter-UEs multiplexing. However, if CLI is further considered, there will be four different power control requirements, i.e., ‘no multiplexing in UL slot (without CLI)’, ‘multiplexing in UL slot’, ‘no multiplexing in UL subband (with CLI)’ and ‘multiplexing in UL subband’. How to improve the UL power control mechanism should be considered for meeting the more diversified power control requirements. 
[bookmark: _Hlk162628454]Observation 4 The existing UL power control mechanism can hardly meet the more diversified power control requirements caused by CLI.
[bookmark: OLE_LINK44]Proposal 38: How to apply the UL inter-UE multiplexing mechanisms, including UL cancelation and UL power control enhancement, in the UL subband needs to be further discussed.
Interaction between SBFD operation and Rel-16~19 features  
For SBFD aware UEs, it may also support optional features that have been already specified in Rel-16~ Rel-18 or is being specified in Rel-19. For instance, as raised by many companies, a SBFD aware UEs may also support Rel-17 coverage enhancement features, e.g., available slot counting, TBoMS or DMRS bundling. Then, optimization may be needed to support the combination of such features and SBFD operation. In our view, RAN1 needs to further discuss whether any optimization is needed for each of the Rel-16~Rel-19 features. 
[bookmark: _Hlk162628467][bookmark: OLE_LINK41]Proposal 39: RAN1 needs to further discuss whether any optimization is needed for each of the Rel-16~Rel-19 features. 
Conclusion
In this contribution, we provide our analysis for subband non-overlapping full duplex for possible solutions with the following proposals and observations.
SBFD configuration
Proposal 1: When only one TDD-UL-DL pattern is configured, support Option 1 if no clear motivation identified for Option 2. 
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
Proposal 2: When two TDD-UL-DL patterns are configured, SBFD subband time locations are separately configured within each TDD-UL-DL pattern period. 
Proposal 3: Confirm the working assumption regarding cell-specific configuration on frequency location of SBFD subbands within a TDD carrier.
· Only one UL subband and up to 2 DL subbands are allowed in an SBFD symbol within a TDD carrier. 
· The cell-specific configuration is signaled by SIB1. 
Observation 1: Whether to additionally introduce UE specific configuration on frequency location of SBFD subbands is related to the determination of UL/DL usable PRBs. 
Proposal 4: For determining UL/DL usable PRBs, support Option 1. 
· 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.
Proposal 5: RAN1 does NOT need to further discuss the necessity of guardband and other potential restrictions on the size of subband/guardband. 
Proposal 6: For semi-static indication of SBFD subband frequency location, support Option 1. 
· Frequency locations of UL subband and DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s).
Proposal 7: For cell-specific configuration of frequency locations of SBFD subbands, similar approach as BWP indication can be reused for indicating the start and length of subbands.
· FFS details. 
Proposal 8: The frequency resources configured for SBFD subbands can be a subset or full set of the carrier bandwidth. 
UE behavior and procedures in SBFD symbols and/or non-SBFD symbols
Proposal 9: For a physical channel/signal with transmission/reception occasion mapped to SBFD and non-SBFD symbols within a slot, SBFD aware UE does not transmit or receive the physical channel/signal within the slot, except for PUSCH repetition type B. 
· If a nominal repetition of PUSCH repetition type B maps to SBFD and non-SBFD symbols within a slot, the nominal repetition is segmented into multiple actual repetitions. 
Proposal 10: If wideband PRG of PDSCH, no functionality enhancement is needed. 
· Option 2 is supported, i.e., non-contiguous frequency resources across two DL subbands cannot be allocated. 
· Legacy rules on determination of PRG size with in DL BWP are reused. 
Proposal 11: Regarding PDSCH RA type 1 FDRA across two DL subbands, Option 1-2 is supported. 
· 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
· Legacy DMRS sequence generation and mapping are reused. 
Proposal 12: Regarding resource allocation in the frequency domain for CSI-RS in SBFD symbols, the following is supported. 
· One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s).
Proposal 13: For frequency resource allocation Type 0 for PDSCH or PUSCH in a single slot by DCI based scheduling (without repetition or TBoMS or multi-slot transmission), a UE performs rate matching within the valid PRBs, i.e., the number of PRBs for TBS determination is based on the assigned PRBs as legacy.
Proposal 14: For PDSCH in a single slot by DCI based scheduling (without repetition or TBoMS or multi-slot transmission), when a DL PRG overlaps with the subband boundary, only the PRBs within DL usable PRBs are considered to be valid. 
Proposal 15: Regarding handling of unaligned boundaries between SBFD subband(s) and CSI-RS resource/CSI reporting subband:
· For a CSI-RS resource which overlaps with SBFD subband boundaries, only CSI-RS resources within DL subband(s) are valid. 
· For a CSI reporting subband which overlaps with SBFD subband boundaries, CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s). 
· No change on CSI-RS sequence generation.
Proposal 16: For PDCCH transmitted at least in CORESET 0, it allows to be across subband boundary.
· FFS how to address the resources outside of DL subbands. 	
Proposal 17: For PDSCH repetitions (includes both DG PDSCH repetition and SPS PDSCH repetition) 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, support the following options. 
· If a UE does NOT have a capability to support PDSCH reception in different symbol types, support Option 4.
· FFS how to determine which symbol type is valid. 
· If a UE has a capability to support PDSCH reception in different symbol types, support Option 2.
Proposal 18: For PUSCH repetition type-A (including both DG PUSCH repetition and CG type 2 PUSCH repetition) across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for PUSCH repetition type-B (including both DG PUSCH repetition and CG type 2 PUSCH repetition) across SBFD symbols and 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, support the following options. 
· If a UE does NOT have a capability to support PUSCH transmission in different symbol types, support Option 4.
· FFS how to determine which symbol type is valid. 
· If a UE has a capability to support PUSCH transmission in different symbol types, support Option 2.
Proposal 19: 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, support the following options.
· If a UE does NOT have a capability to support PDSCH reception in different symbol types, support Option 4.
· FFS how to determine which symbol type is valid. 
· If a UE has a capability to support PDSCH reception in different symbol types, support Option 2.
Proposal 20: For a type-1 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, support the following options.
· If a UE does NOT have a capability to support PUSCH transmission in different symbol types, support Option 4.
· FFS how to determine which symbol type is valid. 
· If a UE has a capability to support PUSCH transmission in different symbol types, support Option 1.
Proposal 21: For a type-2 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, support the following options.
· If a UE does NOT have a capability to support PUSCH transmission in different symbol types, support Option 4.
· FFS how to determine which symbol type is valid. 
· If a UE has a capability to support PUSCH transmission in different symbol types, support Option 2.
Proposal 22: For PUCCH repetitions associated with a DCI 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.
· If a UE does NOT have a capability to support PUCCH transmission in different symbol types, only PUCCH in one symbol type is valid and PUCCH in the other symbol type is invalid
· FFS how to determine which symbol type is valid. 
· If a UE has a capability to support PUSCH transmission in different symbol types, support single PUCCH resource 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. 
Proposal 23: For periodic/semi-persistent PUCCH with or 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.
· If a UE does NOT have a capability to support PUCCH transmission in different symbol types, Only PUCCH transmission occasion in one symbol type is valid and CG PUSCH transmission occasion in the other symbol type is invalid
· FFS how to determine which symbol type is valid. 
· If a UE has a capability to support PUCCH transmission in different symbol types, support separate PUCCH resource configurations for SBFD symbols and non-SBFD symbols. 
Proposal 24: For CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots, support the following option.
· 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.
Proposal 25: Separate configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols should be the baseline. 
· Support common configurations, e.g., the time domain resources of SRS/PUCCH/PUSCH and configurations related to HARQ-ACK feedback, e.g., k1 and HARQ-ACK codebook type. 
· 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.
Observation 2: A UE may not know whether the scheduled transmission/reception is to be transmitted/received on SBFD symbol or non-SBFD symbol, and therefore may not know which set of configurations to be used. 
Proposal 26: If separate configurations for SBFD symbols and non-SBFD symbols are adopted, RAN1 further discusses how to determine which set of configurations are used for a transmission/reception.
Proposal 27: For PUCCH transmission using one PUCCH resource in SBFD and non-SBFD symbols in different slots, two sets of spatial settings or power control parameters should be configured and associated with SBFD symbols and non-SBFD symbols, respectively.
Proposal 28: RAN1 further studies whether/how to support the combination of SBFD operation and multi-TRP operation.
Proposal 29: For PUSCH transmission using one PUSCH resource in SBFD and non-SBFD symbols in different slots, two SRS resource sets including spatial settings or power control parameters should be configured and associated with SBFD symbols and non-SBFD symbols, respectively.
Proposal 30: For SRS transmission in SBFD and non-SBFD symbols in different slots, two SRS resource sets including spatial settings or power control parameters should be configured and associated with SBFD symbols and non-SBFD symbols, respectively.
Proposal 31: For intra-UE collision handling, Option 1 is supported as baseline.  
· Option 1: UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).
Proposal 32: For collision Case 1 and the dynamically scheduled DL reception is with repetition, reuse the existing collision handling principles and timeline in NR for operation on flexible symbols on a single carrier in unpaired spectrum. 
Proposal 33: For collision Case 2 and the dynamically scheduled UL reception is with repetition, reuse the existing collision handling principles and timeline in NR for operation on flexible symbols on a single carrier in unpaired spectrum. 
Proposal 34: For collision Case 3, prioritize semi-statically configured UL transmission. 
Proposal 35: For collision Case 4, a UE does not expect such conflicts.
Proposal 36: Different collision handling rules can be applied to different SSBs to alleviate the impacts to SSB measurement and also ensure the UL transmission performance. 
Proposal 37: RAN1 needs to discuss collision between RSSI/RRM measurement resource and UL transmission.
Observation 3 UL transmission in UL subband within a DL symbol or SS/PBCH block symbols cannot be cancelled by the DCI format 2_4. 
Observation 4 The existing UL power control mechanism can hardly meet the more diversified power control requirements caused by CLI.
Proposal 38: How to apply the UL inter-UE multiplexing mechanisms, including UL cancelation and UL power control enhancement, in the UL subband needs to be further discussed.
Interaction between SBFD operation and Rel-16~19 features  
Proposal 39: RAN1 needs to further discuss whether any optimization is needed for each of the Rel-16~Rel-19 features.  
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