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Introduction
In RAN#102 meeting, a work item on Evolution of NR duplex operation is approved and the corresponding description is provided in [1]. 
In this contribution, the following are discussed for SBFD Tx/Rx/measurement procedures based on the agreements and discussions in the last two meetings [2][3][4][5].
· Semi-static indication of time location of SBFD subbands
· Semi-static indication of frequency location of SBFD subbands
· Transmission and reception behaviors on SBFD subbands
· Resource allocation in frequency domain in SBFD symbols
· Physical channels/signals and procedure across SBFD and non-SBFD symbols
· Configuration for SRS, PUCCH, and PUSCH on SBFD and non-SBFD symbols
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband

Time/Frequency location indication of SBFD subbands
2.1	Semi-static indication of time location of SBFD subbands
The following agreements were made in the last two meetings regarding time location indication of SBFD subband [2][4].
	[bookmark: _Hlk161060057]RAN1#116 (2024.02) [2]

Agreement
For RRC connected mode UEs, at least cell-specific configuration on time and frequency(working assumption) location of SBFD subbands is supported within a TDD carrier.
· FFS: Additional support of UE-specific configuration on time and/or frequency locations of SBFD subbands

Agreement:
For RRC connected mode UEs, SBFD subband time locations are configured within a period. At least when only one TDD-UL-DL pattern is configured, the period is down-selected from one of the following options.
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· Option 2: The period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· FFS: Further details
FFS: Details when two TDD-UL-DL patterns are configured

Agreement
A slot can consist of SBFD symbols and non-SBFD symbols.

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. 
· [bookmark: _Hlk161741531]When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for only one of the patterns, SBFD symbols are configured in consecutive manner within the TDD-UL-DL pattern period. 
· When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for both patterns, SBFD symbols are configured in consecutive manner within each TDD-UL-DL pattern period.
· SBFD symbols are configured in DL and/or flexible symbols configured in TDD-UL-DL-ConfigCommon
· The configured SBFD symbols can start from any symbol within a slot and can end in any symbol within a slot.
· referenceSubcarrierSpacing in TDD-UL-DL-ConfigCommon is used as reference SCS.
· FFS details

Agreement
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


	RAN1#116bis (2024.04) [4]

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.



In this section, following topics regarding semi-static indication of time location of SBFD subbands are discussed. 
· Signaling container
· Periodicity and Offset of SBFD symbol location
· Indication of SBFD symbol location within a TDD-UL-DL pattern
· Guard period for transition between SBFD and non-SBFD symbols


Signaling container
In relation to the configuration of time location of SBFD subbands, it was agreed that such configuration information is cell-specific [2]. Transmitting this information via UE-specific signaling is inappropriate from an overhead perspective. Moreover, this approach would be particularly suitable if SBFD operation is supported in RRC_IDLE/INACTIVE mode. Therefore, indications regarding the time location of SBFD subbands should be supported at least through SIB.

Proposal 1: It is supported that SBFD subband time locations are configured by SIB.

Periodicity and Offset of SBFD symbol location
Regarding the period of SBFD subband time locations, the following two options were agreed for down-selection [2].
· 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.

In the case of option 1, the same SBFD subband time location is applied in all TDD-UL-DL pattern intervals. On the other hand, in option 2, depicted in Figure 1(a), SBFD symbols can be positioned only in some TDD-UL-DL pattern intervals within the period of SBFD subband time locations. In this case, the cell has the advantage of being able to adjust SBFD subband time locations flexibly as needed. This flexibility enables easier configuration, such as avoiding the assignment of certain symbols for SSB as SBFD symbols or adjusting the allocation of resources between SBFD symbols and non-SBFD symbols.
Additionally, to fully enjoy the benefits of option 2, it may be considered to configure different SBFD symbol locations for each TDD-UL-DL pattern interval within the period of SBFD subband time locations, as shown in Figure 1(b).
In summary, option 2 provides flexibility of indication of SBFD subband time location with/without additional indication bit field as shown in Figure 1 (a) and (b). Also, because option 2 is a super set of option 1, period of SBFD subband time location can be operated as option 1 if the period of SBFD subband time location is configured to be same as period of TDD UL-DL-ConfigedCommon and/or additional indication bit field is not configured.

[image: ]
(a) One SBFD symbol configuration within a period of SBFD subband time location
[image: ]
(b) Two SBFD symbol configurations within a period of SBFD subband time location
Figure 1. SBFD symbol location for Option 2

Proposal 2: SBFD subband time locations could have periods that are multiples of the period of TDD-UL-DL-ConfigCommon.
· SBFD symbols can be located only to certain TDD pattern intervals within the SBFD subband time location period.
· Different SBFD symbol locations could be applied to different TDD pattern intervals within the SBFD subband time location period.

Indication of SBFD symbol location within a TDD-UL-DL pattern
[bookmark: _Hlk162981357]SBFD symbols are configured in consecutive manner within a TDD-UL-DL pattern period. In this case, SBFD symbols should be indicated within symbols designated as DL or Flexible configured by TDD-UL-DL-ConfigCommon. To prevent the indication of UL symbols indicated by TDD-UL-DL-ConfigCommon as SBFD symbols, it is necessary to discuss methods for ensuring that the network correctly designates SBFD symbols within DL or Flexible symbols configured by TDD-UL-DL-ConfigCommon. As a method for this, it can be expected that the network will configure the SBFD symbols not to be located in UL symbols according to the TDD-UL-DL-ConfigCommon. Alternatively, a more proactive approach would be to define SBFD symbol indication methods to prevent UL symbols configured by TDD-UL-DL-ConfigCommon from being designated as SBFD symbols, thereby fundamentally blocking the possibility of such symbols being indicated as SBFD symbols.

Proposal 3: It is necessary to determine the configuration method of SBFD symbol location in a way that prevents UL symbols configured by TDD-UL-DL-ConfigCommon from being designated as SBFD symbols.

Considering above aspects, it is proposed to provide instructions for the allocation of consecutive SBFD symbols within TDD-UL-DL pattern intervals by specifying the starting symbol position and the ending symbol position of consecutive SBFD symbol intervals for SBFD symbol resource allocation as follows.
· The starting symbol position of SBFD symbols:
The reference position for indicating the starting symbol of the SBFD symbols is the starting symbol of the starting symbol of the TDD-UL-DL pattern period where SBFD symbols are located. 
For the position of the starting symbol position of the SBFD symbols, relative symbol position can be configured by a parameter(s). If not configured, the default position of the starting symbol could be the same as the first symbol within the TDD-UL-DL pattern period.
· The ending symbol position of SBFD symbols:
The reference position for indicating the ending symbol of the SBFD symbols is the position of the last symbol among the DL or Flexible symbols configured by TDD-UL-DL-ConfigCommon where SBFD symbols are located. 
For the position of the ending symbol of the SBFD symbols, relative symbol position can be configured by parameter(s). If not configured, the default position of the last symbol could be the same as the position of the last symbol among the DL and/or Flexible symbols indicated by TDD-UL-DL-ConfigCommon.

By using this method, there is an advantage in preventing the assignment of UL symbols by TDD-UL-DL-ConfigCommon as SBFD symbols.



Figure 2. Example of indicating the starting symbol and/or ending symbol of SBFD symbols

Proposal 4: Specify the positions of consecutive SBFD symbols within a specific TDD-UL-DL pattern period. The parameter(s) for indicating the starting symbol and/or the ending symbol of SBFD symbols within TDD-UL-DL pattern period can be provided:
· The starting symbol position of SBFD symbols:
The reference position for indicating the starting symbol of the SBFD symbols is the starting symbol of the starting symbol of the TDD-UL-DL pattern period where SBFD symbols are located. 
For the position of the starting symbol position of the SBFD symbols, relative symbol position can be configured by a parameter(s). If not configured, the default position of the starting symbol could be the same as the first symbol within the TDD-UL-DL pattern period.
· The ending symbol position of SBFD symbols:
The reference position for indicating the ending symbol of the SBFD symbols is the position of the last symbol among the DL or Flexible symbols configured by TDD-UL-DL-ConfigCommon where SBFD symbols are located.
For the position of the ending symbol of the SBFD symbols, relative symbol position can be configured by parameter(s). If not configured, the default position of the last symbol could be the same as the position of the last symbol among the DL and/or Flexible symbols indicated by TDD-UL-DL-ConfigCommon.

Guard period for transition between SBFD and non-SBFD symbols
During the transition between SBFD symbols and non-SBFD symbols at gNB side, there may be a need for a guard period. The necessity and length of this guard period can vary depending on the implementation of gNB and/or UE. During the guard period, normal transmission and reception operations may not be possible at least from the perspective of the gNB. Therefore, it is desirable for the UE to refrain from performing any transmission or reception operations during this interval. Considering these aspects, it will be necessary to decide whether to define the position of the guard period and its behavior from the UE perspective or to resolve these issues through network scheduling without specification impact.

Proposal 5: Discuss the necessity of a guard period due to the transition between SBFD and non-SBFD symbols and the related behavior of a SBFD-aware UE.

2.2	Semi-static indication of frequency location of SBFD subbands
For frequency location indication of SBFD subband, the following agreements and a working assumption were made in the last two meetings [2][4].
	RAN1#116 (2024.02) [2]

Agreement
For RRC connected mode UEs, at least cell-specific configuration on time and frequency(working assumption) location of SBFD subbands is supported within a TDD carrier.
· FFS: Additional support of UE-specific configuration on time and/or frequency locations of SBFD subbands

Agreement:
The maximum number of UL subbands for SBFD operation in an SBFD symbol within a TDD carrier is one.
The UL subband can be located at one side of the carrier or can be located at the middle part of the carrier.
For semi-static indication of SBFD subband frequency location, down-select from the following options.
· Option 1: Frequency locations of UL subband and DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
· Option 2: Frequency location of UL subband and the number of RBs for guardband(s), if any, are explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).

Agreement
The subband frequency-domain resources are same across different SBFD symbols within a TDD carrier. Frequency location of cell specific UL subband, and DL subband(s) if explicitly indicated, are indicated with reference to CRB grid.
· RB-level granularity is supported for semi-static indication of SBFD subband frequency location.
· Subject to RAN4 guidance on the size of subband/guardband, if any
· FFS reference starting RB and reference SCS

	RAN1#116bis (2024.04) [4]

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.




In this section, following topics regarding semi-static indication of time location of SBFD subbands are discussed. 
· Signaling container
· Indication details of frequency location for DL subband and UL subband
· UL/DL usable PRBs determination
· UE specific SBFD frequency location Indication


Signaling container
In the RAN1#116 meeting, it was agreed as a working assumption that the frequency location of SBFD subbands is a cell-specific configuration [2]. Since the location of SBFD subbands from the cell’s perspective does not vary based on the UE’s BWP, receiving SBFD subband information within the carrier bandwidth in a cell-specific manner seems natural and reasonable in terms of configuration overhead. Therefore, it should be supported for the configuring information regarding the frequency location of SBFD subbands to be indicated via SIB.

Proposal 6: It is supported that SBFD subband frequency locations are configured by SIB.

Indication Details of frequency location for DL subband and UL subband 
For the semi-static indication of SBFD subband frequency location, one of the following two options needs to be selected.
· 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).

In RAN1#116bis meeting, it was agreed that cell-specific frequency locations of SBFD subbands are separately configured for each SCS configuration in SCS-SpecificCarrierList.  
The FrequencyInfoDL and the FrequencyInfoUL IE provide basic parameters of a downlink carrier and uplink carrier. Also, because SCS-SpecificCarrierList is contained in both the FrequencyInfoDL and the FrequencyInfoUL IE, it seems quite natural that frequency locations of UL subband and DL subband(s) are explicitly configured in the FrequencyInfoDL and the FrequencyInfoUL IE, respectively. Consequently, among the two options, option 1 seems the applicable solution in NR system because the explicit configuration for DL and UL bandwidth is specified, but the guardband is not specified in the TS.

Proposal 7: 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).


For the details of indication of frequency location, at least following parameters are required to be configured or determined for DL subband and UL subband.
· The starting/ending PRB of SBFD subband
· The bandwidth of SBFD subband

As depicted in Figure 2, three patterns of consisting SBFD subband can be considered for indicating DL subband and UL subband within a carrier bandwidth. 
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(a) SBFD subband pattern 1              (b) SBFD subband pattern 2            (c) SBFD subband pattern 3
Figure 3. SBFD subband patterns

In SBFD subband patterns 1 and 2, the UL subband can be positioned on one side of the carrier bandwidth. In this case, there is one DL subband located on the opposite side. When the DL subband is located at the higher frequency region within a carrier bandwidth and UL subband is located at the lower frequency region within a carrier bandwidth, the starting PRB of carrier bandwidth can be determined as the ending PRB of DL subband and the starting PRB of carrier bandwidth can be determined as the starting PRB of UL subband. In this case and vice versa, it is not necessary that the starting and ending PRB are configured for each subband. 
Only the parameter for the bandwidth is required for DL subband and UL subband. 
In SBFD subband pattern 3, the UL subband can indeed be positioned in the middle of the carrier bandwidth. In this case, there are two DL subbands positioned on each side of the carrier, totaling two DL subbands.
For other example, when the UL subband is located at the middle of carrier bandwidth, the parameters for the starting PRB and the bandwidth of UL subband can be configured. For DL subbands which are located at both lower frequency region and higher frequency region, the starting/ending PRB of carrier bandwidth can be determined as the starting/ending PRBs of each DL subband. In addition, the parameter for the bandwidth of each DL subband can be configured. 

As a summary, the parameters required to specify frequency location for each SBFD subband pattern are listed up in Table 1. 

Table 1. Parameters required to specify frequency location of SBFD subband
	
	SBFD subband pattern 1
	SBFD subband pattern 2
	SBFD subband pattern 3

	DL subband 2
(Upper DL subband)
	Subband size 
(Note 1)
	-
	Subband size 
(Note 1)

	UL subband

	Subband size
(Note 2)
	Subband size 
(Note 1)
	Subband size
Starting PRB

	DL subband 1
(Lower DL subband)
	-
	Subband size
(Note 2)
	Subband size
(Note 2)


Note 1: The ending PRB of SBFD subband is same as the ending PRB of carrier bandwidth
Note 2: The starting PRB of SBFD subband is same as the starting PRB of carrier bandwidth

Proposal 8: For the configuration of the frequency location of DL subband(s), the starting PRB and/or ending PRB of carrier bandwidth can be determined as the starting PRB and/or ending PRB of DL subband. And the bandwidth of DL subband can be configured. 
· Configurations for lower DL subband
· The starting PRB of carrier bandwidth can be determined as the starting PRB of lower DL subband.
· Subband size for lower DL subband can be configured. (This configuration can be omitted if only one DL subband exists and is located only on the upper side of the carrier)
· Configurations for upper DL subband
· The ending PRB of carrier bandwidth can be determined as the ending PRB of upper DL subband.
· Subband size for upper DL subband can be configured. (This configuration can be omitted if only one DL subband exists and is located only on the lower side of the carrier)

Proposal 9:  For the configuration of the frequency location of UL subband, the starting PRB and/or the ending PRB of UL subband can be determined as the starting PRB and or the ending PRB of UL subband, or the starting PRB of UL subband can be configured. And the bandwidth of UL subband can be configured.  
· Configurations for UL subband
· Starting RB can be configured. (This configuration can be omitted if the UL subband is located on one side of the carrier).
· Subband size is configured. 


UL/DL usable PRBs determination
It is desirable for the information about the frequency resources constituting UL/DL subbands to be specified in a cell-specific manner via SIB. Therefore, it is preferable for UL/DL usable PRBs to be determined as the frequency resources included in UL/DL subbands within the frequency resources of the active UL/DL BWP.

Proposal 10: UL usable PRBs are determined as the PRBs included in the UL subband among the resources within the active UL BWP. DL usable PRBs are determined as the PRBs included in the DL subband among the resources within the active DL BWP.


[bookmark: _Hlk165585681]UE specific SBFD frequency location Indication 
In RAN1#116 meeting, it was agreed that 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. One remaining issue point is whether/how to additionally support of UE-specific configuration on time and/or frequency location of SBFD subbands. In this section, UE specific configuration on frequency location of SBFD subband is discussed. 
The main motivation of supporting UE specific configuration on frequency location of SBFD subband on top of cell specific configuration on frequency location of SBFD subbands is to support different guardbands due to different UE capabilities and/or UE-to-UE CLI mitigation. 
In macro cell deployment scenario, UE-to-UE CLI from aggressor UE with higher transmission power could affect to DL performance degradation if DL frequency resources adjacent UL subband are assigned. If severe CLI level is reported, gNB may indicate additional UE specific configuration on frequency location to reduce DL usable PRB. If UE determines the size of DL usable PRB according to the additional UE specific configuration, UE may apply the size of DL usable PRB depending on the type of DL signal/channels (e.g., CSI-RS, TRS ) within a BWP.

Proposal 11:  Support additional UE specific configuration on frequency location of SBFD subband.


SBFD Tx/Rx/Measurement procedure
3.1	Transmission and reception behaviors on SBFD subbands
[bookmark: _Hlk165587024]Regarding the Tx and Rx behaviour of SBFD-aware UEs in the SBFD subband, the following was agreed in the last meeting [2].
	RAN1#116 (2024.02) [2]

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.





In this section, following topic regarding the Tx and Rx behaviour of SBFD-aware UEs in the SBFD subband is discussed. 
· Tx/Rx occasion mapped to SBFD and non-SBFD symbols within a slot


Tx/Rx occasion mapped to SBFD and non-SBFD symbols within a slot
For a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot, considering that it is hard to assume that phase continuity is maintained between SBFD and non-SBFD symbols, it is desirable that the symbols for transmitting a DL/UL signal/channel should be either all SBFD symbols or all non-SBFD symbols within a slot.
To ensure that the symbol resources for transmitting a DL/UL signal/channel within a slot are composed entirely of either SBFD symbols or non-SBFD symbols, several methods could be considered.
· For PDSCH, PDCCH, CSI-RS, PUSCH with repetition type A, PUCCH, and SRS, if the symbol resources allocated in a slot contain both SBFD symbols and non-SBFD symbols, the UE does not perform the transmission/reception of the physical channel/signal in that slot.
· For PUSCH with repetition type B, considering it is used for latency purpose, it is desirable to use as many symbols as possible for PUSCH transmission. In this case, if the symbol resources allocated for a specific nominal repetition contain both SBFD symbols and non-SBFD symbols, it can be considered that the UE divides the nominal repetition into actual repetitions based on the boundary between SBFD symbol and non-SBFD symbol.

Proposal 12: For PDSCH, PDCCH, CSI-RS, PUSCH, PUCCH, and SRS, 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.
Proposal 13: For PUSCH repetition type B, if a particular nominal repetition contains SBFD and non-SBFD symbols, divide the actual repetition based on the boundary between SBFD symbol and non-SBFD symbol.


3.2	Resource allocation in frequency domain in SBFD symbols
Regarding the Resource allocation in frequency domain in SBFD symbols, the following was agreed in the last meeting.[4]
	RAN1#116bis (2024.04) [4]

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:
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 




In this section, following topics regarding enhancements related to frequency domain resource allocation in SBFD symbols are discussed. 
· Wideband PRG
· Frequency domain Resource Allocation for PDSCH/PUSCH
· Frequency domain resource allocation Type 0 for PDSCH/PUSCH
· Frequency domain resource allocation Type 1 for PDSCH/PUSCH scheduled by DCI format in USS
· Resource allocation in frequency domain for CSI-RS across two DL subbands in SBFD symbol
· Unaligned boundaries

Wideband PRG
Regarding wideband PRG, the following two options are captured in the TR [6].
· 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
Considering the benefits in flexibility and DL throughput gain when PDSCH is transmitted across two DL subbands, it would be desirable to apply option 1. Since wideband PRG implies that the same precoding is applied to the entire frequency resources where PDSCH is scheduled, it would be natural to assume the same precoding across the two DL subbands if option 1 is applied.

Proposal 15: If PRG is determined as wideband for PDSCH, non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated and the same precoding is assumed across two DL subbands.


Frequency Resource allocation for PDSCH/PUSCH 
In RAN1#116bis meeting, agreements regarding frequency resource allocation Type 0 for PDSCH/PUSCH and Type 1 for PDSCH scheduled by DCI format in USS were made. 

In case of frequency resource allocation Type 0 for PDSCH/PUSCH, it was agreed that 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, 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.[4] One of remaining issue point is how to handle the partial PRBs within a PRG when an assigned RBG overlaps with the subband boundary. The concept of following two options which are identified for frequency domain resource allocation Type 1 for PDSCH can be applied for frequency domain resource allocation Type 0 for PDSCH/PUSCH: 
· Option 1-1: TBS determination (i.e., The number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only)
· Option 1-2: Rate-matching (i.e., The number of PRBs for TBS determination is based on the assigned PRBs as legacy)

In case of frequency resource allocation Type 1 for PDSCH, four options (i.e., Option 1-1, Option 1-2, Option 2, Option 3) were identified.
In Option 1-1 and Option 1-2, it is characterized that existing RB indexing and VRB-to-PRB mapping are reused, and it should be assumed that only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Option 1-1 and 1-2 appear to be desirable options to avoid overlap between SBFD-aware UE and legacy UE at the physical frequency resource level. One distinct point of these two options is the method how to handle the difference of the number of usable PRB for PDSCH reception and the number of assigned PRB by FDRA type 1. In these two options, the solutions to solve the difference of the number of PRB are described, respectively.  In Option 1-1, the number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only. On the other hand, in Option 1-2, the legacy method for TBS determination is used, but the rate-matching is applied. These two options are applicable when the number of unusable PRB is small. But, when the number of unusable PRB is increased, Option 1-1 is preferable.
In Option 2 and Option 3, it is characterized to use the legacy TBS determination method and to introduce new PRB indexing/PRB bundling indexing or to modify VRB-to-PRB mapping interleaver. Options 2 and 3 may lead to situations where the actual physical frequency resource pointed to by a specific VRB could differ between SBFD-aware UE and legacy UE. Therefore, even if frequency resources are indicated to ensure that VRB resources do not overlap between SBFD-aware UE and legacy UE at a specific symbol, there may still be an issue of overlap in the actual physical frequency resources. 

When one option is selected, for minimizing specification work, it should be considered to strive to apply common solution for both frequency resource allocation Type 0 and frequency resource allocation Type 1. In this aspect, Option 1-1 (i.e., The number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only) is preferred for both frequency domain resource allocation Type 0 and Type 1. In addition, the option can be applied for PUSCH RA type 1 scheduled by DCI format in USS and/or PDSCH/PUSCH RA type 1 scheduled by DCI format in CSS

Observation 1: When it is considered to strive to apply common solution for both frequency resource allocation Type 0 and frequency resource allocation Type 1, Option 1-1 is preferable.
Proposal 16: For frequency resource allocation Type 1 for PDSCH in SBFD symbol, 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. And the number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only.)
Proposal 17: 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. And the number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only.) can be applied in principle for frequency resource allocation Type 0 for PDSCH/PUSCH, and potentially frequency resource allocation Type 1 for PUSCH


Resource allocation in frequency domain for CSI-RS across two DL subbands in SBFD symbol
To transmit CSI-RS across two DL subbands within an SBFD symbol, following options in TR38.858 can be discussed for this enhancement.
· 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 Option 1, two CSI-RS resource should be used, which is not preferable. One CSI-RS resource based enhancement schemes (i.e., Option 2-1, 2-2) should be discussed.  

Proposal 18: For resource allocation in frequency domain for CSI-RS across two DL subbands in SBFD symbol, one option among following options should be selected.  
· 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)


Unaligned boundaries between DL usable PRB and CSI reporting subband
Regarding the misalignment issue between CSI reporting subbands and DL subband boundary, the following is captured in TR 38.858 [6].
· 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.
If a CSI reporting subband overlaps with DL subband boundary, the study result can be adopted.

Proposal 19: 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 usable PRB for SBFD-aware UE.


Unaligned boundaries between DL usable PRB and CSI-RS
In NR, CSI-RS is configured as integer multiples of 4RBs. One of issue is whether to use partial PRB(s) within 4RB when 4 RBs which is a unit of configuration for NZP CSI-RS overlaps with subband boundary. 
In the last meeting, it was agreed that for frequency resource allocation Type 0, when an assigned PRG overlaps with subbadn boundary, only the PRBs within DL usable PRBs are considered to be valid for PDSCH reception [4]. This principle can be applied for NZP CSI-RS. That is, it can be described that for NZP CSI-RS, when an 4RBs which is a unit of configuration for NZP CSI-RS overlaps with subband boundary, only the PRBs within DL usable PRBs are considered to be valid for NZP CSI-RS reception. 

Proposal 20: For NZP CSI-RS, when an 4RBs which is a unit of configuration for NZP CSI-RS overlaps with subband boundary, only the PRBs within DL usable PRBs are considered to be valid for NZP CSI-RS reception.


3.3	Physical channels/signals and procedure across SBFD and non-SBFD symbols
Regarding the Physical channels/signals and procedure across SBFD and non-SBFD symbols, the following was agreed in the last meeting [4].
	RAN1#116bis (2024.04) [4]

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
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 section, following topics regarding physical channel/signals and procedure across SBFD and non-SBFD symbols are discussed. 
· Physical channels/signals spanning across SBFD symbols and non-SBFD symbols, 
· SPS PDSCH configuration without repetition
· CG PUSCH configuration without repetition
· PDSCH repetitions and multi-PDSCH scheduled by a single DCI 
· PUSCH repetition type A/B, TBoMS, and multi-PUSCH scheduled by a single DCI 
· PUCCH repetition
· PDCCH
· Joint channel estimation across SBFD and non-SBFD symbols
· CSI report for SBFD and non-SBFD symbols

Physical channels/signals across SBFD and non-SBFD symbols in different slots
Based on TR 38.858 [6], for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), the following options are studied for SBFD-aware UEs.
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols

Option 1 has the advantage of simplifying the transmission and reception process and minimizing the impact on specifications. However, it may increase the transmission/reception latency if the transmission/reception in the other symbol type is postponed and may degrade the performance if the transmission/reception in the other symbol type is dropped. 
Option 2 may reduce the transmission/reception latency and improve coverage, but it may require additional specification efforts.
When considering the advantages and disadvantages of the two options, it may be more beneficial to apply different options depending on the type of signal/channel, rather than applying a specific option to all signal/channels. 
· For CSI-RS or SRS, Option 1 can be adopted to restrict CSI-RS/SRS resources to be transmitted only through SBFD symbols or non-SBFD symbols, since measurement of SBFD symbols and non-SBFD symbols should be performed independently.
· For PUSCH or PUCCH transmission, Option 2 can be supported to obtain benefits such as enhanced coverage and reduced latency.
· However, it's not always the case that Option 2 is applied. Depending on the situation, either Option 1 or Option 2 could be considered. For example, depending on UE capability or network signaling, either Option 1 or Option 2 could be applied. Alternatively, another scenario could involve supporting Option 1 by default, with Option 2 being applied only in cases where there is minimal difference in UE behavior between SBFD and non-SBFD symbols.

Proposal 21: For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots, 
· Different options can be applied depending on the type of signal/channel.
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· Option 1 is applied at least for CSI-RS and SRS.
· Both of Option 1 and Option 2 are supported for PUCCH and PUSCH.

When Option 1 is applied for PUSCH and PUCCH repetition, the repetition operation occurs exclusively in either SBFD symbols or non-SBFD symbols. If the repetition occurs only in SBFD symbols, then PUSCH/PUCCH transmission does not take place in non-SBFD symbols. Therefore, for PUSCH repetition A with available slot counting or PUCCH repetition, modifications are required in the method of consisting slot resources for PUSCH/PUCCH repetition to include only slots composed of SBFD symbols or non-SBFD symbols.

Proposal 22: If the transmission/reception of PUSCH repetition type A with available slot counting and PUCCH repetition is restricted to SBFD symbols only or non-SBFD symbols only, a modification is necessary for the method of determining the slot resources that constitute the repetition.


SPS PDSCH configuration without repetition
In RAN1#116bis meeting, for an SPS PDSCH configuration without repetition, following five options were identified for further discussion and decision whether/which of the option(s) are supported [4].
· 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

In case of SPS PDSCH configuration which is used for periodic PDSCH reception (e.g., 10m, 20ms), if the periodicity of SPS PDSCH is aligned with periodicity of one among SBFD symbol or non-SBFD symbol, Option 3 and Option 4 seem applicable. Also, even 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, gNB may assign PRB resource for PDSCH within DL usable PRBs in SBFD symbols (i.e., Option 5). One option among other three options (i.e., Option 3, 4, and 5) seems applicable. 
But, regarding resource configuration/indication for SBFD symbols and non-SBFD symbols (i.e., Option 1 and Option 2), it is hard to find a strong motivation to support enhancement of resource allocation/configuration.

Proposal 23: For SPS PDSCH configuration which is used for periodic PDSCH reception, support one option among three options (i.e., Option 3, 4, and 5).


CG PUSCH configuration without repetition
In RAN1#116bis meeting, for a CG PUSCH configuration without repetition, following five options were identified for further discussion and decision whether/which of the option(s) are supported [4].
· 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 

for operating a CG PUSCH transmission across SBFD symbols and non-SBFD symbols where each transmission occasion has either all SBFD or all non-SBFD symbols, gNB scheduling / transmission dropping / rate-matching / TBS determination seem reasonable solutions. For CG PUSCH configuration, it recommends to support one option among three options (i.e., Option 3, 4, and 5). 
Regarding resource configuration/indication for SBFD symbols and non-SBFD symbols (i.e., Option 1 and Option 2), it is hard to find a strong motivation to support enhancement of resource allocation/configuration.

Proposal 24: For CG PUSCH configuration, support one option among three options (i.e., Option 3, 4, and 5)


[bookmark: _Hlk166000488]PDSCH repetitions and multi-PDSCH scheduled by a single DCI 
In RAN1#116bis meeting, for PDSCH repetitions / multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols in different slots, following six options were identified for further discussion and decision whether/which of the option(s) are supported [4].
· 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

One of consideration point is the TB size of each PDSCH reception in case of PDSCH repetition and multi-PDSCH scheduled by a single DCI across SBFD symbol and non-SBFD symbol in different slot. Especially, for PDSCH repetition, the TB size should be same in each PDSCH reception in SBFD symbol and non-SBFD symbol. That is, the number of assigned PRB should be maintained across SBFD symbol and non-SBFD symbol in different slot. Option 3, 4, 5, and 6 seems a transparent method to maintain the number of assigned PRB and TB size of PDSCH. In Option 5, because rate-matching needs to be applied considering reduced number of PRB due to RBs outside UL usable PRBs in SBFD symbol, coding-rate could be increased. But, in case of PDSCH, the impact of increasing coding rate may be marginal because the reduced amount of PRBs seems relatively small than assigned PRBs for PDSCH. Therefore, Option 3,4,5 and 6 are preferable, and one option among four options needs to be selected. 

Proposal 25: 
· For PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots, support Option 4 and Option 5. Depending on UE capability, different option can be applied to the UE.
· For multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols in different slots, support Option 4 or Option 6.

PUSCH repetition type A/B, TBoMS, and multi-PUSCH scheduled by a single DCI
In RAN1#116bis meeting, for PUSCH repetition type-A / multi-PUSCH scheduled by a single DCI / TBoMS across SBFD symbols and non-SBFD symbols in different slots, following six options were identified for further discussion and decision whether/which of the option(s) are supported [4].
· 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
· [bookmark: _Hlk166247297]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

In case of PUSCH repetition type A and TBoMS across SBFD symbol and non-SBFD symbol in different slot, maintaining same TB size for each PUSCH transmission should be considered. Option 3, 4, 5, and 6 seems a transparent method to maintain the number of assigned PRB and TB size of PUSCH. In Option 5, coding-rate could be increased due to reduced PRB, which may affect performance of PUSCH. Therefore, Option 3,4 and 6 are preferable, and one option among four options needs to be selected.
Also, for PUSCH repetition type B, same principle can be applied. 

Proposal 26: 
· For PUSCH repetitions type A, TBoMS across SBFD symbols and non-SBFD symbols in different slots, support Option 3 and Option 4. Depending on UE capability, different option can be applied to the UE. And For PUSCH repetitions type B, the design principle for PUSCH repetition type A can be applied.
· For multi-PUSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols in different slots, support Option 4 or Option 6. 

PUCCH repetition
For PUCCH transmission, multiple candidates for PUCCH resources can be configured, and the information regarding the PUCCH resource applied for PUCCH transmission can be indicated via DCI. These PUCCH resources can be configured based on the entire UL BWP region, and they may be located beyond the UL usable PRB resources, which makes applying the same PUCCH resources in SBFD symbols inappropriate. To maintain the same number of candidates for PUCCH resources while enabling them to be indicated within the UL usable PRB resources in SBFD symbols, the frequency resources constituting the PUCCH resources can be configured independently for non-SBFD symbols and SBFD symbols. Specifically, the startingPRB and secondHopPRB values within PUCCH-Resource can be independently set for non-SBFD symbols and SBFD symbols.
Additionally, even if the PRB resources constituting the PUCCH resources are configured independently for non-SBFD symbols and SBFD symbols, there is still a possibility that the PUCCH transmission frequency resources may be located outside the UL subband. In such cases, it can be applied that if the frequency resources for PUCCH transmission include RBs outside of UL subband, the PUCCH transmission is postponed.
[bookmark: _Hlk166247638]Furthermore, depending on the UE capability, PUCCH repetition can be operated across SBFD symbol and non-SBFD symbol, or can be operated on only one symbol type. In this aspect, an option, i.e., only PUSCH in one symbol type is valid and PUSCH in the other symbol type is invalid, can be considered. 

Proposal 27: For PUCCH transmission across SBFD symbols and non-SBFD symbols in different slots, startingPRB and secondHopPRB values in PUCCH-Resource are configured separately for non-SBFD and SBFD symbols.
· If the frequency resources for PUCCH transmission include RBs outside of UL subband, the PUCCH transmission is postponed.
Proposal 28: For PUCCH transmission across SBFD symbols and non-SBFD symbols in different slots, depending on the UE capability, an option, i.e., only PUSCH in one symbol type is valid and PUSCH in the other symbol type is invalid, can be applied.


Joint channel estimation across SBFD and non-SBFD symbols
In order to enhance the coverage of PUSCH and PUCCH in Rel-17, joint channel estimation using DMRS in multiple slots has been introduced. 
When PUSCH/PUCCH are repeated and transmitted across SBFD symbols and non-SBFD symbols in different slots, there is a possibility that both SBFD symbols and non-SBFD symbols can be included within the time resources for joint channel estimation. In such cases, it may be difficult for the UE to maintain power consistency and phase continuity for PUSCH/PUCCH transmission across these two resources. 
Considering this, it would be necessary to include the boundary between SBFD symbols and non-SBFD symbols in the semi-static event used for determining the actual TDW. Therefore, the actual TDW could be divided at the boundary between SBFD symbols and non-SBFD symbols. This would allow the UE to potentially not maintain power consistency and phase continuity across SBFD symbols and non-SBFD symbols.

Proposal 29: To support joint channel estimation when PUSCH/PUCCH repetition is transmitted across SBFD symbols and non-SBFD symbols in different slots, the boundary between SBFD symbols and non-SBFD symbols is included in the semi-static event used for determining the actual TDW.


CSI report for SBFD and non-SBFD symbols
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 [6].
· Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
· Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
· Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
· Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
· Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
· Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.

For measurement for SBFD and non-SBFD symbols, it can be considered to use the same CSI-RS resource for measurements of SBFD symbols and non-SBFD symbols (Option 1-2 and 2-2), or use different CSI-RS resources for each (Option 1-1 and 2-1). 
In the former case, the CSI-RS resource used for measurement should be transmitted across SBFD symbols and non-SBFD symbols for different instances. In this case, measurements for SBFD symbols should be derived based on CSI-RS instances in SBFD symbols, and measurements for non-SBFD symbols should be derived based on CSI-RS instances in non-SBFD symbols.
If the CSI-RS is transmitted only on SBFD symbols or non-SBFD symbols, it is not possible to use the same CSI-RS resource for measurements of both. In such cases, measurements of SBFD symbols and measurements for non-SBFD symbols should be performed using different CSI-RS resources.
In our view, it seems unreasonable to mandate that the CSI-RS used for measurement of SBFD symbols and non-SBFD symbols in SBFD-aware UEs always spans SBFD symbols and non-SBFD symbols in different instances. Therefore, considering the scenario where the CSI-RS resource is configured to be transmitted only on SBFD symbols or non-SBFD symbols, it should support the independent indication of CSI-RS resources for measurements of SBFD symbols and non-SBFD symbols.

Proposal 30: Different CSI-RS resources are allowed to be used for measurements on SBFD symbols and measurements on non-SBFD symbols, i.e. Option 1-1 or Option 2-1 are supported.
· 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 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.


In Option 1-1 or Option 1-2, where CSI-ReportConfig is independently configured for measuring and reporting SBFD symbols and non-SBFD symbols, the CSI reporting subband can also be configured independently.
However, in Option 2-1 or 2-2, where the same CSI-ReportConfig is used for instructing the measurement and report of SBFD symbols and non-SBFD symbols, the same CSI reporting subband configuration applies to the measurement and report of both types of symbols.

For example, to perform measurements for SBFD symbols, the UE can consider only the CSI reporting subbands located within the DL usable PRBs as valid. Alternatively, all CSI reporting subbands could be considered valid subbands regardless of their inclusion in DL usable PRBs, and a specific measurement reporting method could be defined for subbands located outside of the DL usable PRBs.

Proposal 31: When measurement and report of SBFD symbols and non-SBFD symbols are configured by the same CSI-ReportConfig (Option 2-1 and 2-2), discuss the issue of CSI reporting subbands in SBFD symbols being located outside of DL usable PRBs.


3.4	Configuration for PUCCH and PUSCH on SBFD and non-SBFD symbols
For the discussion of configuration for PUCCH and PUSCH on SBFD and non-SBFD symbols, following was agreed in the last meeting [4].
	RAN1#116bis (2024.04) [4]

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.



In this section, following topics regarding configuration for PUCCH and PUSCH on SBFD and non-SBFD symbols are discussed:
· Separate resource configuration & frequency hopping parameters
· UCI multiplexing parameters
· Separate power control and/or spatial relation


Frequency resource & FH parameters
Regarding the configuration of frequency resources and frequency hopping for PUSCH and PUCCH, the following configurations can be separately configured for SBFD symbols and non-SBFD symbols.
For PUSCH, frequencyHoppingOffsetLists can be independently configured for non-SBFD symbols and SBFD symbols. This allows for maintaining the number of candidates for frequency hopping offsets that can be indicated for both non-SBFD symbols and SBFD symbols, while enabling frequency hopping to be performed across the entire UL BWP resources for non-SBFD symbols and within the UL usable PRBs resources for SBFD symbols.
For PUCCH, while maintaining the number of candidates for PUCCH resources that can be indicated for both non-SBFD symbols and SBFD symbols, the frequency resources composing each PUCCH resource can be independently configured for non-SBFD symbols and SBFD symbols. Specifically, the startingPRB and secondHopPRB values within the PUCCH-Resource can be configured independently for non-SBFD symbols and SBFD symbols.

Proposal 32: For PUSCH transmission, separate configuration of frequencyHoppingOffsetLists is supported for SBFD and non-SBFD symbols.
Proposal 33: For PUCCH transmission, separate configuration of startingPRB and secondHopPRB for each PUCCH-resource is supported for SBFD and non-SBFD symbols.


UCI multiplexing parameters
In SBFD symbols, the channel environment may not be as favorable compared to non-SBFD symbols due to cross-link interference (CLI) and self-interference (SI). Therefore, if UCI multiplexing on PUSCH is performed in SBFD symbols based on the channel environment in non-SBFD symbols, the UCI may not be transmitted properly.
Considering this, it could be beneficial to adjust the amount of resources used for UCI transmission when SBFD-aware UE multiplexes UCI on PUSCH in SBFD symbols, allowing for more resources to be allocated for UCI transmission compared to when it is transmitted in non-SBFD symbols.
For this purpose, the values of betaOffsets used to determine the number of transmission REs for UCI could be independently configured for SBFD symbols and non-SBFD symbols.

Proposal 34: For UCI multiplexing on PUSCH, separate configuration of betaOffsets is supported for SBFD and non-SBFD symbols.


3.5	Collision handling between DL reception in DL subband(s) and UL transmission in UL subband
For the discussion of collision handling between DL reception in DL subband(s) and UL transmission in UL subband, followings were agreed in the last two meeting [2][4].
	RAN1#116 (2024.02) [2]
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.

	RAN1#116bis (2024.04) [4]

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

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




In this section, following topics regarding collision handling between DL reception in DL subband(s) and UL transmission in UL subband are discussed. 
· Link direction determination of SBFD aware UE
· Collision handling for case 1/2/3/4/6
· Collision handling for case 5

Link direction determination of SBFD aware UE
In the existing TDD system, a UE can perform DL reception and UL transmission in symbols determined as DL and UL, respectively. However, in symbols determined as flexible, it can perform either DL reception or UL transmission depending on the gNB scheduling. 
On the other hand, for SBFD-aware UEs, if a symbol indicated as DL by TDD-UL-DL-ConfigCommon is configured as an SBFD symbol, it should be able to perform DL reception or UL transmission in such a symbol. To support this behavior, a SBFD-aware UEs needs to treat the DL symbol indicated by TDD-UL-DL-ConfigCommon as a flexible symbol if it is configured as an SBFD symbol.

Proposal 35: If a DL symbol by TDD-UL-DL-ConfigCommon is configured as a SBFD symbol, the SBFD-aware UE treats it as a flexible symbol by TDD-UL-DL-ConfigCommon.


In RAN1#116 meeting, for SBFD-aware UE transmission and reception in an SBFD symbol, following two options to determine link direction were identified [2]. 
· 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.
In the case where only Option 1 is applied for the determination of the link direction in the SBFD symbol of the SBFD-aware UE, if TDD-UL-DL-ConfigDedicated or SFI is indicated, this information should be used to indicate DL or UL for flexible symbols that are non-SBFD symbols, but not for SBFD symbols.

Proposal 36: If it is agreed that only Option 1 (i.e., SBFD-aware UE determines link direction in a SBFD symbol based on configured/scheduled transmissions/receptions and collision handling) is supported in Rel-19, it can conclude that the legacy TDD-UL-DL-ConfigDedicated and/or SFI are not applied to the SBFD symbol.


When Option 2 is applied, no new signal to indicate the link direction is required, and the legacy configuration/indicator (i.e., the legacy TDD-UL-DL-ConfigDedicated and SFI information) can be used to indicate the link direction of the SBFD-aware UE in the SBFD symbols. Because the legacy TDD-UL-DL-ConfigDedicated and slotFormatIndicator can be configured as UE specific manner and the configuration(s) are applied separately for legacy UE and SBFD-aware UE, legacy UE(s) may not impact from the configuration for SBFD-aware UE. 
For SBFD-aware UE, the legacy TDD-UL-DL-ConfigDedicated and/or SFI information can be used in non-SBFD symbols to indicate whether the UE performs DL reception or UL transmission on the entire frequency resource, and in SBFD symbols to indicate whether the UE performs DL reception on DL usable PRBs or UL transmission on UL usable PRBs. Also, Option 1 may be applied for SBFD symbols where the link direction is not specified as DL or UL by TDD-UL-DL-ConfigDedicated and SFI information.

Proposal 37: If it is agreed that both Option 1 (i.e., SBFD-aware UE determines link direction in a SBFD symbol based on configured/scheduled transmissions/receptions and collision handling) and Option 2 (i.e., link direction of SBFD-aware UE in SBFD symbol is explicitly indicated by gNB) are supported in Rel-19, for the SBFD-aware UE, the legacy TDD-UL-DL-ConfigDedicated and/or SFI can be used to indicate the link direction in the SBFD symbol. Also, for the SBFD-aware UE, the legacy TDD-UL-DL-ConfigDedicated and/or SFI information can be used in non-SBFD symbols to indicate whether the UE performs DL reception or UL transmission on the entire frequency resource.
· For a SBFD symbol, if it is directed to DL by TDD-UL-DL-ConfigDedicated or SFI, the UE can perform DL reception within DL usable PRB resources in the symbol.
· For a SBFD symbol, if it is directed to UL by TDD-UL-DL-ConfigDedicated or SFI, the UE can perform UL transmission within UL usable PRB resources in the symbol.
· If a SBFD symbol is not directed to DL/UL by TDD-UL-DL-ConfigDedicated or SFI, link direction in the SBFD symbol is determined based on configured/scheduled transmissions/receptions and collision handling.


Collision handling for cases 1/2/3/4/6
For case1/2/3/4/6, the collision situation between DL reception and UL transmission of a SBFD-aware UE in SBFD symbols is similar to the case of a legacy HD-FDD RedCap UE. For a HD-FDD RedCap UE, the behavior in case of collision between DL reception and UL transmission is defined in the specification. Therefore, by default, if a collision occurs between DL reception and UL transmission in SBFD symbols, the behavior of SBFD-aware UE could follow that of legacy HD-FDD RedCap UE.

Proposal 38: For case1/2/3/4/6, for SBFD-aware UEs, if a collision occurs between DL reception and UL transmission in the SBFD symbol, the legacy HD-FDD RedCap UE behavior is applied.


Collision handling for case 5 
Exceptionally, in the case of handling collision between SSB reception and UL transmission, as described in Case 5, it may be necessary to introduce different behavior compared to legacy HD-FDD RedCap UE. For a HD-FDD RedCap UE, SSB reception takes priority over UL transmission. Therefore, during the SSB transmission symbol and the Tx-Rx time before it, as well as the Rx-Tx time after it, UL transmission is not performed. If this behavior is applied to SBFD-aware UE, it ensures the performance of SSB detection and measurement, but it may degrade UL performance due to fewer UL opportunities. In this aspect, for collision case 5 (i.e., configured SSB and dynamically scheduled/configured UL transmission) in an SBFD symbols for SBFD-aware UE, whether or not SBFD-aware UEs are allowed to transmit UL signal/channel in SSB symbols can be discussed considering at least the followings:
· Whether/in which SSB symbols UE can skip SSB reception
· Any potential conditions to recover the performance degradation of SSB detection/measurement

It would be desirable to ensure both the measurement performance through SS/PBCH and the transmission of necessary UL signals/channels. To achieve this, it is possible to consider determining the behavior of the UE based on priority information in case of collisions between the SS/PBCH and UL signal/channels. For example, priority can be determined differently for the reception of SS/PBCH and the transmission of UL signal/channels in each time resource. Alternatively, priority can be determined differently based on the type of transmitted PUSCH/PUCCH or according to network indication.

Proposal 39: In case 5 (i.e., collision between SSB and dynamic scheduling/configured UL transmission), SBFD-aware UE can receive the SS/PBCH or transmit the UL signal/channel based on condition(s)/indication.


Summary
In this contribution, we discussed on the subband non-overlapping full duplex. Based on the discussion, we obtained following proposals.

1. Time/Frequency location indication of SBFD subbands
1.1) Semi-static indication of time location of SBFD subbands
Proposal 1: It is supported that SBFD subband time locations are configured by SIB.
Proposal 2: SBFD subband time locations could have periods that are multiples of the period of TDD-UL-DL-ConfigCommon.
· SBFD symbols can be located only to certain TDD pattern intervals within the SBFD subband time location period.
· Different SBFD symbol locations could be applied to different TDD pattern intervals within the SBFD subband time location period.
Proposal 3: It is necessary to determine the configuration method of SBFD symbol location in a way that prevents UL symbols configured by TDD-UL-DL-ConfigCommon from being designated as SBFD symbols.
Proposal 4: Specify the positions of consecutive SBFD symbols within a specific TDD-UL-DL pattern period. The parameter(s) for indicating the starting symbol and/or the ending symbol of SBFD symbols within TDD-UL-DL pattern period can be provided:
· The starting symbol position of SBFD symbols:
The reference position for indicating the starting symbol of the SBFD symbols is the starting symbol of the starting symbol of the TDD-UL-DL pattern period where SBFD symbols are located. 
For the position of the starting symbol position of the SBFD symbols, relative symbol position can be configured by a parameter(s). If not configured, the default position of the starting symbol could be the same as the first symbol within the TDD-UL-DL pattern period.
· The ending symbol position of SBFD symbols:
The reference position for indicating the ending symbol of the SBFD symbols is the position of the last symbol among the DL or Flexible symbols configured by TDD-UL-DL-ConfigCommon where SBFD symbols are located.
For the position of the ending symbol of the SBFD symbols, relative symbol position can be configured by parameter(s). If not configured, the default position of the last symbol could be the same as the position of the last symbol among the DL and/or Flexible symbols indicated by TDD-UL-DL-ConfigCommon.
Proposal 5: Discuss the necessity of a guard period due to the transition between SBFD and non-SBFD symbols and the related behavior of a SBFD-aware UE.

1.2) Semi-static indication of frequency location of SBFD subbands
Proposal 6: It is supported that SBFD subband frequency locations are configured by SIB.
Proposal 7: 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: For the configuration of the frequency location of DL subband(s), the starting PRB and/or ending PRB of carrier bandwidth can be determined as the starting PRB and/or ending PRB of DL subband. And the bandwidth of DL subband can be configured. 
· Configurations for lower DL subband
· The starting PRB of carrier bandwidth can be determined as the starting PRB of lower DL subband.
· Subband size for lower DL subband can be configured. (This configuration can be omitted if only one DL subband exists and is located only on the upper side of the carrier)
· Configurations for upper DL subband
· The ending PRB of carrier bandwidth can be determined as the ending PRB of upper DL subband.
· Subband size for upper DL subband can be configured. (This configuration can be omitted if only one DL subband exists and is located only on the lower side of the carrier)
Proposal 9:  For the configuration of the frequency location of UL subband, the starting PRB and/or the ending PRB of UL subband can be determined as the starting PRB and or the ending PRB of UL subband, or the starting PRB of UL subband can be configured. And the bandwidth of UL subband can be configured.  
· Configurations for UL subband
· Starting RB can be configured. (This configuration can be omitted if the UL subband is located on one side of the carrier).
· Subband size is configured. 

Proposal 10: UL usable PRBs are determined as the PRBs included in the UL subband among the resources within the active UL BWP. DL usable PRBs are determined as the PRBs included in the DL subband among the resources within the active DL BWP.
Proposal 11:  Support additional UE specific configuration on frequency location of SBFD subband.

2. SBFD Tx/Rx/Measurement procedure
2.1) Transmission and reception behaviors on SBFD subbands
Proposal 12: For PDSCH, PDCCH, CSI-RS, PUSCH, PUCCH, and SRS, 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.
Proposal 13: For PUSCH repetition type B, if a particular nominal repetition contains SBFD and non-SBFD symbols, divide the actual repetition based on the boundary between SBFD symbol and non-SBFD symbol.

2.2) Resource allocation in frequency domain in SBFD symbols
Proposal 15: If PRG is determined as wideband for PDSCH, non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated and the same precoding is assumed across two DL subbands.

Observation 1: When it is considered to strive to apply common solution for both frequency resource allocation Type 0 and frequency resource allocation Type 1, Option 1-1 is preferable.
Proposal 16: For frequency resource allocation Type 1 for PDSCH in SBFD symbol, 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. And the number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only.)
Proposal 17: 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. And the number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only.) can be applied in principle for frequency resource allocation Type 0 for PDSCH/PUSCH, and potentially frequency resource allocation Type 1 for PUSCH

Proposal 18: For resource allocation in frequency domain for CSI-RS across two DL subbands in SBFD symbol, one option among following options should be selected.  
· 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)

Proposal 19: 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 usable PRB for SBFD-aware UE.

Proposal 20: For NZP CSI-RS, when an 4RBs which is a unit of configuration for NZP CSI-RS overlaps with subband boundary, only the PRBs within DL usable PRBs are considered to be valid for NZP CSI-RS reception.

2.3) Physical channels/signals and procedure across SBFD and non-SBFD symbols
Proposal 21: For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots, 
· Different options can be applied depending on the type of signal/channel.
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· Option 1 is applied at least for CSI-RS and SRS.
· Both of Option 1 and Option 2 are supported for PUCCH and PUSCH.

Proposal 22: If the transmission/reception of PUSCH repetition type A with available slot counting and PUCCH repetition is restricted to SBFD symbols only or non-SBFD symbols only, a modification is necessary for the method of determining the slot resources that constitute the repetition.

Proposal 23: For SPS PDSCH configuration which is used for periodic PDSCH reception, support one option among three options (i.e., Option 3, 4, and 5).

Proposal 24: For CG PUSCH configuration, support one option among three options (i.e., Option 3, 4, and 5)

Proposal 25: 
· For PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots, support Option 4 and Option 5. Depending on UE capability, different option can be applied to the UE.
· For multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols in different slots, support Option 4 or Option 6.

Proposal 26: 
· For PUSCH repetitions type A, TBoMS across SBFD symbols and non-SBFD symbols in different slots, support Option 3 and Option 4. Depending on UE capability, different option can be applied to the UE. And For PUSCH repetitions type B, the design principle for PUSCH repetition type A can be applied.
· For multi-PUSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols in different slots, support Option 4 or Option 6. 

Proposal 27: For PUCCH transmission across SBFD symbols and non-SBFD symbols in different slots, startingPRB and secondHopPRB values in PUCCH-Resource are configured separately for non-SBFD and SBFD symbols.
· If the frequency resources for PUCCH transmission include RBs outside of UL subband, the PUCCH transmission is postponed.
Proposal 28: For PUCCH transmission across SBFD symbols and non-SBFD symbols in different slots, depending on the UE capability, an option, i.e., only PUSCH in one symbol type is valid and PUSCH in the other symbol type is invalid, can be applied.

Proposal 29: To support joint channel estimation when PUSCH/PUCCH repetition is transmitted across SBFD symbols and non-SBFD symbols in different slots, the boundary between SBFD symbols and non-SBFD symbols is included in the semi-static event used for determining the actual TDW.

Proposal 30: Different CSI-RS resources are allowed to be used for measurements on SBFD symbols and measurements on non-SBFD symbols, i.e. Option 1-1 or Option 2-1 are supported.
· 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 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.

Proposal 31: When measurement and report of SBFD symbols and non-SBFD symbols are configured by the same CSI-ReportConfig (Option 2-1 and 2-2), discuss the issue of CSI reporting subbands in SBFD symbols being located outside of DL usable PRBs.

2.4) Configuration for PUCCH and PUSCH on SBFD and non-SBFD symbols
Proposal 32: For PUSCH transmission, separate configuration of frequencyHoppingOffsetLists is supported for SBFD and non-SBFD symbols.
Proposal 33: For PUCCH transmission, separate configuration of startingPRB and secondHopPRB for each PUCCH-resource is supported for SBFD and non-SBFD symbols.

Proposal 34: For UCI multiplexing on PUSCH, separate configuration of betaOffsets is supported for SBFD and non-SBFD symbols.

2.5) Collision handling between DL reception in DL subband(s) and UL transmission in UL subband
Proposal 35: If a DL symbol by TDD-UL-DL-ConfigCommon is configured as a SBFD symbol, the SBFD-aware UE treats it as a flexible symbol by TDD-UL-DL-ConfigCommon.

Proposal 36: If it is agreed that only Option 1 (i.e., SBFD-aware UE determines link direction in a SBFD symbol based on configured/scheduled transmissions/receptions and collision handling) is supported in Rel-19, it can conclude that the legacy TDD-UL-DL-ConfigDedicated and/or SFI are not applied to the SBFD symbol.

Proposal 37: If it is agreed that both Option 1 (i.e., SBFD-aware UE determines link direction in a SBFD symbol based on configured/scheduled transmissions/receptions and collision handling) and Option 2 (i.e., link direction of SBFD-aware UE in SBFD symbol is explicitly indicated by gNB) are supported in Rel-19, for the SBFD-aware UE, the legacy TDD-UL-DL-ConfigDedicated and/or SFI can be used to indicate the link direction in the SBFD symbol. Also, for the SBFD-aware UE, the legacy TDD-UL-DL-ConfigDedicated and/or SFI information can be used in non-SBFD symbols to indicate whether the UE performs DL reception or UL transmission on the entire frequency resource.
· For a SBFD symbol, if it is directed to DL by TDD-UL-DL-ConfigDedicated or SFI, the UE can perform DL reception within DL usable PRB resources in the symbol.
· For a SBFD symbol, if it is directed to UL by TDD-UL-DL-ConfigDedicated or SFI, the UE can perform UL transmission within UL usable PRB resources in the symbol.
· If a SBFD symbol is not directed to DL/UL by TDD-UL-DL-ConfigDedicated or SFI, link direction in the SBFD symbol is determined based on configured/scheduled transmissions/receptions and collision handling.

Proposal 38: For case1/2/3/4/6, for SBFD-aware UEs, if a collision occurs between DL reception and UL transmission in the SBFD symbol, the legacy HD-FDD RedCap UE behavior is applied.

Proposal 39: In case 5 (i.e., collision between SSB and dynamic scheduling/configured UL transmission), SBFD-aware UE can receive the SS/PBCH or transmit the UL signal/channel based on condition(s)/indication.
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