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1. Introduction
In the approved WID [1], the following objectives are included.
	· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded
· […]
· [bookmark: _Hlk153407590]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· 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
· 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
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol
· Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators
· […]



In this contribution, we discuss semi-static indication of subbands and UE’s transmission, reception and measurement behaviours in SBFD symbol and non-SBFD symbols. 
2. Details on SBFD Designs
2.1. Semi-static indication of SBFD subbands 
2.1.1. Frequency domain indication of SBFD subbands
How to derive/obtain usable PRBs
A UE is configured with one or more than one DL BWP and UL BWP pair where their center frequencies are aligned. For a cell, a UE can be configured up to 4 DL/UL BWP pairs and one DL/UL BWP pair is activated at the same time. The UE can be further configured with SBFD subbands. To design SBFD subband configuration signaling, RAN1 need to clarify relation between the legacy BWP configuration frameworks and SBFD subband configuration. 
In the last RAN1#116, meeting, RAN1 agreed to define UL usable PRBs and DL usable PRBs for discussion purpose and identified two options how to derive/obtain usable DL/UL PRBs within DL/UL BWPs
	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.



· 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.
· The SBFD subband configuration is not related to UE’s BWP configurations
· Actual SBFD subband(s) are derived by comparing activated DL/UL BWP pairs and SBFD subband configuration. For example, it is shown in Figure 1(a) that SBFD UL subband is configured and in Figure 1(b) and (c) that the actual SBFD UL subband is the RBs included in both SBFD UL subband and active UL BWP. 
· Note: SBFD subband configuration then can use one or a combination of cell-specific (SIB1), cell-common (dedicated RRC signaling), UE-dedicated (dedicated RRC signaling) configuration.

· Option 2: UL/DL usable PRBs are explicitly configured within active UL/DL BWP in SBFD symbols.
· The SBFD subband configuration is configured in each DL/UL BWP pair configuration
· Different DL/UL BWP pair may have different UL subband configuration (different frequency indication). For example, it is shown in Figure 1(d) and (e) that SBFD UL subband is configured in active UL BWP. 
· Note: SBFD configuration then can use only cell-common (dedicated RRC signaling), UE-dedicated (dedicated RRC signaling) configuration
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Figure 1. SBFD configuration; (a)~(c): Option 1, (d)~(e): Option 2

Among two options, we prefer Option 1 since SBFD UL subband would be fixed in frequency domain. In other words, the frequency position of SBFD UL subband is cannot be dynamically changed by UE’s DL/UL BWP configuration because
1) The frequency of SBFD UL subband may be chosen a specific frequency location by taking into account CLI from adjacent carriers or channels. For example, if there exists one adjacent carrier right next to the upper frequency band, UL subband may be located to lower frequency band. If there exist two adjacent carriers right next to the upper frequency band and right next to the lower frequency band, UL subband may be located to middle of frequency band.
2) RF/IF Subband filtering cannot adjustable in frequency. The RF/IF Subband filtering may be optimized to a specific UL subband bandwidth. 
3) Whenever frequency domain of UL subband is changed, Digital-IC should learn self-interference channel. It is because the self-interference channel is also frequency-selective by different internal-coupling delay and different clutter reflection delay. 
Also, from signaling overhead perspective, Option 1 would be beneficial, since the cell-specific SBFD subband configuration can be carried via cell-specific signaling (e.g., SIB)

Proposal 1: For usable PRB determination, RAN1 to 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.


DL subband(s) configuration vs # of RBs for guardband(s) configuration 
In the last RAN1#116 meeting, RAN1 made the following agreements on semi-static indication of SBFD subband frequency location.
	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).



From signaling point of views, both options can work. The main discussion point, here, is what is the motivation to define guardband(s) in specification. From Rel-15, RAN1 specification defines UE behaviors on DL reception in DL/F symbol and UL transmission on UL/F symbol and Flexible symbol. That is, even though there are guardband(s) between DL subband and UL subband, RAN1 does not need to define UE behaviors on guardband(s). If option 2 is adopted, RAN1 may need to define UE behaviors on guardband(s). Therefore option 1 is straightforward.

Proposal 2: For explicit DL subband or guardband configuration, RAN1 to support option 1.
· 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). 

Reference starting RB of SBFD subband(s) in frequency domain
In the last RAN1#116 meeting, RAN1 made the following agreements.
	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



The remaining issues are the reference starting RB. For the reference starting RB, there are two options 
· Option 1. Use CRB0
· Option 2. Use CRB0 + offsetToCarrier
Among two options, Option 2 was used for BWP indication, i.e., the first PRB of BWP indication is a PRB determined by CRB0 (corresponding subcarrier spacing) and offsetToCarrier (configured in SCS-SpecificCarrier). Option 1 was used for frequency domain indication of CSI-RS, i.e., CSI-FrequencyOccupation. 

Proposal 3. For the reference starting RB, use CRB0 + offsetToCarrier.

2.1.2. Time domain indication of SBFD subbands
In the last RAN1#116 meeting, RAN1 intensively discussed the periodicity of SBFD configuration and identified two options.
	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



 The two options are illustrated in Figure 2. Option 1 is simple and no additional signaling to indicate periodicity of SBFD subband time location. But, Option 2 can provide additional flexibility. The motivations of this flexibility are:
· (UL coverage extension Perspective) SBFD subband is mainly required when there are coverage limited UEs in a cell. The utilization of SBFD UL subband depends on penetration rate of Rel-18 SBFD-aware UEs and the number of UEs in coverage-limited situation. Therefore, benefits of every TDD periods (e.g. every 2.5ms DDDSU TDD pattern with 30kHz SCS) having SBFD UL subband are limited. Also, we observed some physical signal/channels, e.g., PRACH, was coverage bottleneck channel. Since RACH occasions can be configured with a periodicity being higher than TDD periodicity, the SBFD UL subband can be also configured with the periodicity of RACH (or other coverage bottleneck signals/channels) 
· (DL performance degradation perspective) During Rel-18 SLS campaign, RAN1 observed strong gNB-gNB CLI in FR Macro scenarios if gNB does not have sufficiently large antenna/frequency/beam isolation capability. To minimize DL performance loss by gNB-gNB CLI, portion of SBFD symbols should be minimized. Given the portion of SBFD symbols, consecutive allocation of SBFD symbols within a certain TDD period is better than distributive allocation of SBFD symbols across every TDD period. In other words, rather than configuring one SBFD slot for every TDD period (SBFD symbol portion is around 20% in case of DDDSU TDD pattern), it would be better to configure 4 SBFD slots consecutively for every 4 TDD period. By using the consecutive SBFD slots, gNB can apply DMRS bundling and other repetitive transmissions. Also, the consecutive SBFD slots can minimize switching/transient point from SBFD symbol to non-SBFD symbol or from non-SBFD symbol to SBFD symbol.
· (System operation perspective) If every TDD period have SBFD symbols, the legacy UE’s transmission and reception may overlap with SBFD symbol. Option 2 can provide TDD period without SBFD symbols. So, the legacy UEs in the TDD period without SBFD symbols do not affected by the SBFD operation. 
·  (Collision avoidance perspectives) Some of cell-specific DL signals, including SSB, Type0 CSS, TRS…, have own periodicity which is not aligned with TDD periodicity. To avoid collision with these cell-specific DL signals, flexible periodicity would be beneficial.
It is worth noting that the option 2 can be super-set of option 1. For example, if the integer multiple value is not configured by gNB, the periodicity of SBFD subband can be equal to TDD configuration. 
The one concern is signaling overhead to additionally configure the integer multiple value. The overhead can be further discussed and the number of candidate values can be small for example 2 or 4.
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Figure 2. SBFD subband periodicity

Another issue is the case where two TDD patterns are configured. The first TDD pattern can have a periodicity of p [ms]. If there is no second TDD pattern configuration, the first TDD pattern is repeated over a time interval of p [ms]. If the second TDD pattern is additionally configured and the second TDD pattern can have a periodicity of p2 [ms], two patterns are repeated over a time interval of p+p2 [ms]. Simply, TDD periodicity is p1 if second TDD pattern is not configured or p+p2 if both TDD patterns are configured. So, the periodicity of SBFD configuration can be m*p if second TDD pattern is not configured or m*(p+p2) if both TDD patterns are configured.

Proposal 4. For the periodicity of SBFD subbands, RAN1 to support Option 2.
· Option 2: The period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· The periodicity of SBFD subbands can be m*p if pattern2 is not configured or m*(p+p2) if pattern2 is configured
· m is an integer and can be configured. If not configured, m=1.


2.1.3. Container for SBFD subband configuration
To indicate SBFD frequency/time indication, SIB or dedicated RRC signaling can be used. We compare two containers for SBFD subband configuration. 

Table 2. Comparison of SIB and Dedicated RRC signaling
	
	SIB 
	Dedicated RRC signaling

	Pros/Motivations
	· If RA operation in SBFD symbol for a UE during RRC idle/inactive UE is supported, SIB-based solution should be mandatorily supported.
· At least, SBFD frequency indication is cell-common (See proposal 2 and relevant descriptions) and SBFD time indication can be also cell-common.
· It can be helpful to reduce signalling overhead if the number of SBFD-aware UEs is large.
	· Dedicated RRC signaling is required to configure information in SIB to a RRC connected UE for Scell addition case. For example, ServingCellConfigCommon is used to configure information in ServingCellConfigCommonSIB to a UE.

	Cons
	· Since SIB1 is periodically transmitted, the SIB1 overhead can be concerned.
	· If many SBFD-aware UEs exist in a cell, multiple dedicated RRC signaling should be transmitted
· It cannot enable RA operation in SBFD for a UE during RRC idle/inactive UE



Based on Table 2, SIB and dedicated RRC signaling have different motivations. In this end, we prefer to support both for SBFD subband configuration. Note that if SIB is used, the SBFD subband configuration can be added in SIB1 to avoid additional latency to receive other SIBx. 

Observation 1: The motivations of supporting SIB1 and dedicated RRC signaling for SBFD configuration are
· The motivation of SIB1 is to indicate SBFD configuration to RRC connected/[idle/inactive] UE, like ServingCellConfigCommonSIB
· The motivation of dedicated RRC signalling is to configure cell-specific parameters for RRC connected UE for Scell Addition case, like ServingCellConfigCommon

Proposal 5. SBFD frequency indication and SBFD time indication can be carried by both SIB1 and dedicated RRC signalling


2.2. UE Behaviour and Procedures in SBFD symbol and non-SBFD symbol
2.2.1. Enhancement on PDSCH/PUSCH resource allocation in frequency domain

2.2.1.1 Enhancements on FDRA type-0 in a single slot
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Figure 3. Potential enhancements on DL FDRA type-0 
(The boxes represent RBGs based on DL BWP or based on DL subband(s). The gray boxes represent RBGs with no corresponding DL RBs)

DL FDRA type-0 is mandatory UE feature (FG5-1) and it can be configured on DCI format 1_1/1_2/1_2. For DL FDRA type-0, nominal DL RBG size is determined by DL BWP size and BW of the DL BWP is segmented into multiple RBGs. We identified two potential issues: 
· #1. In case that no DL-only symbol (e.g., XXXXX or XXXXU), some of DL RBGs always overlap with UL subband or guardband(s) so that these cannot be used for PDSCH scheduling. Always the FDRA bits for the DL RBGs are indicated as ‘0’. 
Suppose that DL BWP and two DL subbands include respectively, 273 RBs and 104RBs. Nominal DL RBG size is 16. Then, 18 DL RBGs can be determined. Among them, 3RBGs always overlap with UL subband or guardband(s).
For this issue, we may consider
· (No enhancement) UE expects ‘0’ for the DL RBGs in FDRA field.
· (Enhancement) the FDRA bits for the DL RBGs can be removed from the FDRA field. As shown in Figure 3(a), the FDRA bits for RBGs marked as ‘gray’ can be removed from the FDRA field, or
· (Enhancement) the BW of DL subband(s) is segmented in to multiple RBGs. As shown in Figure 3(a), the RBGs are determined based on BW of two subband(s), not BW of DL BWP. 
· #2. In case of coexistence of SBFD symbols and DL-only symbols (e.g., DXXXX or DXXXU), some of RBGs, overlap with UL subband or guardband(s) in SBFD symbol so that it cannot be used for PDSCH scheduling on SBFD symbol. Always the FDRA bits for the DL RBGs are indicated as ‘0’ when PDSCH is scheduled on SBFD symbol.
For this issue, we may consider
· (No enhancement) UE expects ‘0’ for the DL RBGs in FDRA field when PDSCH is scheduled on SBFD symbol.
· (Enhancement) the BW of DL subband(s) is segmented in to multiple RBGs when PDSCH is scheduled on SBFD symbol. As shown in Figure 3(b), the RBGs are determined based on BW of two subband(s), not BW of DL BWP.
· Note that the FDRA bits for the DL RBGs CANNOT be removed from the FDRA field. It is because the FDRA bits are used on DL-only symbol. 

In the last RAN1 meeting, RAN1 made the following agreement 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.


Even though the agreement does not explicitly say how to determine RBG and whether to include a bit corresponding to unschedulable RBG in FDRA field, we can conclude that 1) RBG size is determined as legacy way, i.e., by BWP size and 2) the bit is still included and should be indicated by ‘0’. 

Proposal 6: For FDRA type-0, RAN1 to conclude that 
· Nominal RBG size is determined by BWP size as legacy 
· A bit corresponding to an unschedulable RBG is included in FDRA field and indicated by ‘0’

2.2.1.2 Enhancements on FDRA type-1 in a single slot
	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 both Option 1-1 and 1-2, PDSCH is rate matched around UL subband. The only difference is how TBS is determined. In Option 1-1, the number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only (after excluding PRBs that are not within DL usuable PRBs). On the other hand, for Option 1-2, the number of PRBs is determined similar to legacy procedure based on the number of assigned PRBs. Compared with Option 1-1 and 1-2, Option 2 requires additional specification impact to define the RB indexing/PRB bundle indexing. Option 3 is not a standalone solution as it can only be used when interleaving is configured. If interleaving is not configured, Option 1-1 or Option 1-2 should be used. Therefore, it is better to have a single solution that is valid in case of interleaving and non-interleaving cases.
Taking into account potential specification impacts, we prefer Option 1-1 or Option 1-2. To down-select one option, we need to further discuss legacy TBS determination is really problem or it can be addressed by gNB’s scheduler, i.e., proper MCS indication. Also, if TBS determination is updated, it should be applied to all FDRA types.
Regarding “FFS: DMRS sequence mapping”, we don’t see any problems. The DMRS sequence is mapped from subcarrier 0 in CRB0 and it is not changed by Option 1-1 and Option 1-2. 
Regarding the applicable search space, we prefer to keep this enhancement only for USS. At least, this enhancement should not be applied in Type-0, 0A, 1, and 2 CSS. For Type-3, this FDRA type-1 enhancement can be used, but its usefulness is not justified. 

Proposal 7. For DL FDRA type-1, support Option 1-1 or Option 1-2
· If TBS determination rule is updated, it should be applied to both FDRA type-0 and type-1.

2.2.1.3 SPS, PDSCH repetitions and multi-PDSCH scheduling
	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
[…]

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



It is beneficial to have a unified solution for SPS PDSCH without repetitions, PDSCH repetitions, and multi-PDSCH scheduled by a single DCI. Conceptually, different SPS PDSCH occasions without repetitions, PDSCH with repetitions and multi-PDSCH scheduled by a single DCI experience the same issue where some occasions are fully confined in SBFD symbols and other occasions are fully confined within non-SBFD symbols. 
Proposal 8. RAN1 strives for a unified solution for handling SPS PDSCH without repetitions, PDSCH repetitions, and multi-PDSCH scheduled by a single DCI across SBFD symbols or non-SBFD symbols.

Option 1 cannot be applied to PDSCH repetition and multi-PDSCH scheduling due to the single FDRA indication in the DCI format. Including two FDRA indications in the DCI results in an unnecessarily large DCI size and hence degrades DCI detection performance.
Option 2 presents an ambiguous and incomplete solution. For instance, consider a scenario where FDRA is interpreted based on the DL-only symbol. In such cases, if all DL RBs within the DL BWP are assigned in the DL-only symbol, which RBs will be allocated to the DL subband(s) in the SBFD symbol? The concept of RB offset does not address this issue effectively. Alternatively, assume that FDRA is interpreted according to the SBFD symbol. When RBs are assigned to edge of two DL subbands, how should the RB offset be applied to these assigned RBs? Following application, certain RBs might fall outside the DL BWP.
Option 3 is simple and complete. If the gNB schedules PDSCH repetitions across both SBFD and non-SBFD symbols, the gNB allocates PDSCH within the bandwidth of the DL subband(s).
Option 4 is similarly simple and complete, although it disallows PDSCH repetitions across SBFD and non-SBFD symbols. This inevitably reduces the coverage benefits of SBFD operations.
Option 5 relies on DL FDRA enhancements. If either DL FDRA Option 1-1 or 1-2 is implemented, Option 5 becomes implicitly applicable.
Option 6 cannot be applied to SPS so that it should not be considered.

Proposal 9. For SPS with/without repetitions, PDSCH repetitions, and multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, support option 3.

2.2.1.4 CG, PUSCH repetitions and multi-PUSCH scheduling
	Agreement
[…]
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 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



As in DL case, we prefer to have a unified solution for CG PUSCH without repetitions, PUSCH with repetition type-A, multi-PUSCH scheduled by a single DCI, and TBoMS in different slots. Also, the solution can be extended to CG PUSCH with repetitions and TBoMS with repetitions. 

Proposal 10. RAN1 strives for a unified solution for handling CG PUSCH with/without repetitions, PUSCH with repetition type-A, multi-PUSCH scheduled by a single DCI, and TBoMS with/without repetitions across SBFD symbols and non-SBFD symbols.

Option 1 cannot be applied to type-2 CG PUSCH, PUSCH repetition and multi-PUSCH scheduling due to the single FDRA indication in the DCI format. Including two FDRA indications in the DCI results in an unnecessarily large DCI size and hence degrades DCI detection performance.
Option 2 includes RB offset. If the RB offset comes from PUSCH frequency hopping offset, it can be separately discussed under frequency hopping discussion. If the RB offset is independent of PUSCH frequency hopping offset, there are two offsets for PUSCH, which complicates specification and UE behavior. 
Option 3 is simple and complete. If the gNB schedules PUSCH repetitions across both SBFD and non-SBFD symbols, the gNB allocates PUSCH within the bandwidth of the UL subband in case of frequency hopping disabled. Also, RB position can be shifted by PUSCH frequency hopping function in case of frequency hopping enabled.
Option 4 is similarly simple and complete, although it disallows PUSCH repetitions across SBFD and non-SBFD symbols. This inevitably reduces the UL coverage benefits of SBFD operations.
Option 5 should be avoided, since UL rate-matching is not allowed so far. 
Option 6 is too restrictive and we don’t see any technical merits. 

Proposal 11. For PUSCH CG with/without repetitions, PUSCH repetition type-A, multi-PUSCH scheduled by a single DCI, and TBoMS with/without repetitions across SBFD symbols and non-SBFD symbols, support option 3 if frequency hopping is not enabled.

2.2.1.5 Enhancements on Frequency hopping for PUSCH and PUCCH
PUSCH Frequency hopping on SBFD symbol 
[image: ]
Figure 4. PUSCH frequency hopping in SBFD symbol

PUSCH frequency hopping for intra-slot frequency hopping is defined as follows: 

Here, the starting RB index of the 1st FH, , is determined by a scheduling DCI and the starting RB index of the 2nd FH is derived by , where  is configured by higher-layer and indicated by the scheduling DCI and  is the size of the active UL BWP. Up to 4 FH offsets () can be configured and one FH offset is indicated by gNB. The starting RB index of the 2nd FH can be 0, 1, …,  by the FH equation, where 0 mean the lowest PRB in the active UL BWP. 
If PUSCH is scheduled on SBFD symbol, PUSCH frequency hopping and resource mapping on UL subband should be determined. In general, there are two alternatives. 
· Alternative#1. No frequency hopping equation/offsets update
UE determines starting RB index for the 2nd FH by using the legacy FH equation. If the 2nd FH overlaps with DL subband(s)/Guard RBs, UE may apply rate-matching/puncturing or drop/postpone the transmission of the 2nd hop. So far, rate-matching/puncture is not applied to PUSCH transmission and dropping/postponing of 2nd FH will incur high UL implementation complexity. 
· Alternative #2 Frequency Hopping function equation or offset update
To determine the starting RB index for the 2nd FH, UE may use UL subband configuration instead of the size of active BWP. That is, instead of “” “” can be used, where  denotes the number of RBs in UL subband. Then, the starting RB index of the 2nd FH can be 0,1,…,  so that the RB index can be included in UL subband. It is worth noting that the RB index 0,1,…,  should be further interpreted by the index according to the active BWP, i.e., 0 means the lowest PRB in UL subband (the corresponding PRB index is  according to the active BWP and  is the starting PRB index of UL subband). Figure 4 shows the frequency hopping equation example. Also, new frequency hopping offsets, , for SBFD UL subband can be additionally configured to SBFD-aware UE.  

Proposal 12. For determining PUSCH frequency hopping in a UL subband, use the UL subband BW instead of the active UL BWP. 

Common/separate PUSCH Frequency hopping offsets
In PUSCH-config, PUSCH frequency hopping offsets can be configured with up to 4 values and one FH offset value is indicated by gNB. To enable frequency hopping within UL subband, RAN1 may consider the two alternatives
· Alternative#1. For SBFD symbols, reuse the FH offsets configured for UL symbol (PUSCH-config)
· Alternative #2. Configure separate FH offsets for SBFD symbols  

On Alternative#1, the FH offsets are shared across the SBFD symbol and non-SBFD symbol, but the FH function can be updated for SBFD symbol as in Proposal 23. Our view is the required FH offsets within UL subband are different from the FH offsets for UL symbol. For example, UL BWP may contain 273 RBs but UL subband may contain 50 RBs. The FH offsets by taking into account UL BWP size of 273RBs are not well matched to UL subband of 50RBs. Also, frequency diversity within UL subband is important since UL coverage enhancement is one of main benefit of SBFD. Considering the relatively narrow BW of UL subband, the proper FH offsets are required to ensure sufficient frequency separation. If no additional FH offsets for UL subband are needed, gNB will not configure the FH offsets. In this case, the FH offsets for UL symbol can be reused. 

Proposal 13. For PUSCH frequency hopping on SBFD symbols, gNB can configure separate frequency hopping offset values for SBFD symbols. 

PUCCH Frequency Hopping on SBFD symbol
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Figure 5. PUCCH Frequency hopping for SBFD symbol

PUCCH Frequency Hopping is configured by startingPRB and secondHopPRB (no FH offset) within a PUCCH resource configuration (PUCCH-Resource). Two alternatives can be considered: 
· Alternative#1: PUCCH configuration (startingPRB, secondHopPRB) is shared across SBFD symbol and UL symbol
· Alternative#2: PUCCH configuration (startingPRB#2, secondHopPRB#2) for SBFD symbol is separately configured. 

On Alternative#1, starting RB indexes of two hops on UL subband are derived by (startingPRB, secondHopPRB) configured in PUCCH-Resource. (See figure 5(a)). If the PUCCH resource does not overlap with DL subband(s) or guardband(s), the PUCCH resources are valid. Otherwise, the PUCCH resources are invalid. In other words, limited number of PUCCH resources may be valid and can be indicated by gNB. 
On Alternative#2, starting RB indexes of two hops on UL subband are derived by (startingPRB#2, secondHopPRB#2) (See figure 5(b)). So, all configured PUCCH resources in UL subband are valid. 
Between two alternatives, similarly as in PUSCH FH offsets, we prefer to have separate PUCCH configuration (startingPRB#2, secondHopPRB#2) for SBFD symbol. Also, if the PUCCH configuration (startingPRB#2, secondHopPRB#2) for SBFD symbol is not configured, UE can reuse the PUCCH configuration for UL symbol (startingPRB, secondHopPRB in PUCCH-config).

Proposal 14. For SBFD symbols, starting RB indexes of two hops in a PUCCH resource configuration can be separately configured.

2.2.1.6 Other Enhancements on PDSCH/PUSCH
PRG of PDSCH 
For PRG of PDSCH, the following was captured in TR38.858. 
	For SBFD-aware UEs, at least the following issues for PDSCH are studied:
· PRG(s) with size of 2 and 4 that overlaps with subband boundary 
· Wideband precoder in case of non-contiguous DL subbands
For a PRG that overlaps with subband boundary, if the part of DL PRG inside the DL subband can be used, better scheduling flexibility and resource utilization can be achieved, however degraded channel estimation quality in the partial PRG is expected compared to a PRG due to limited RBs in the partial PRG. It is noted that UE complexity could increase if this feature is supported. 
If PRG is determined as wideband, the following two options are studied.
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
It is agreed that Option 1 can achieve better scheduling flexibility and higher DL data rate. Compared with Option 2, Option 1 requires UE to handle two non-contiguous segments of contiguous RBs that may increase UE complexity for channel estimation.


For a PRG with size P (P=2, 4), the PRG can partially overlap with UL subband or guardband(s). Similarly as in partial RBG, partial PRG, which is RBs overlapping DL subband only, can be used. In Rel-18 Duplex Evolution SI, there was a concern on channel estimation quality degradation and additional UE complexity. However, the partial PRG already exists from Rel-15. The first PRG or last PRG can be partial PRG so that the issue existed in Rel-15 UEs. Also, for the partial PRG can be effectively avoided by gNB configuration, i.e., DL subband (e.g., the highest RB in lower DL subband, and the lowest RB in upper DL subband) is aligned with CRB grid and multiple of P RBs.
For a PRG with wideband, RAN1 identified two options. Between two options, we prefer Option 1 which can give more scheduling flexibility. Regarding the additional UE complexity for channel estimation, we are open to discuss this under UE capability session, but the processing timeline, i.e., Tproc,1 can be reused.

Proposal 15: If PRG is determined as wideband, RAN1 to support 
· Non-contiguous frequency resources across two DL subbands but contiguous frequency resource. 
· No introduction of separate PDSCH processing timeline

2.2.2. Enhancement on CSI-RS Configurations and Reports
CSI reporting subband
For CSI reporting subband, the following was captured in TR38.858. 
	[bookmark: _Hlk157697419]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.


Based on the specification as shown below, the CSI-RS resource (contiguous in frequency domain) is segmented into multiple CSI reporting subband and then some/all of CSI reporting subbands are associated to a CSI report by bitmap (subbands3,…) in csi-ReportingBand. In other wide, gNB can configure which CSI reporting subbands are used for CSI calculation. 
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Two candidate sets of values for CSI reporting subband size are defined and among them, one is indicated by higher layer. From the set of values for CSI reporting subband size, the CSI subband size also determined based on the total number of PRBs in the BWP. 
This is similar as RBG construction in FDRA type-0. As in the discussion on DL FDRA type-0, CSI reporting subband size can be determined by the number of PRBs in the BWP or the number of PRBs in DL subbands. The latter is more suitable when the number of PRBs in DL subbands is smaller than the number of PRBs in the BWP.
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Figure 6. CSI-RS configuration and corresponding subbands. 
subband6 = [110011] is assumed

Figure 6 shows the CSI-RS resource and the corresponding CSI subbands. The subband colored ‘gray’ overlaps with UL subband, and the subbands colored ‘yellow’ are associated to a CSI report.
From Figure 6, we can identify three types of CSI subbands. 
· [bookmark: _GoBack]CSI subband overlapping with DL subband only (SB0, SB1, and SB5): this subband can be associated to a CSI report. It means the corresponding bit is valid/meaningful to indicate the association. 
· CSI subband full overlapping with UL subband or guardband(s) (SB3): the subband should not associated to a CSI report. To resolve this issue, several methods can be considered: 1) UE expects ‘0’ for the corresponding bit. Note that the CSI subband can be excluded from the CSI-RS, but the corresponding bit can be kept in RRC signaling to reuse the legacy RRC framework. 2) UE determines the subband(s) indicated by the bitmap and also within DL subband(s) as the CSI reporting band. 3) Each bit of the bitmap (e.g., subands3) corresponds to the CSI subbands within DL subband(s).
· CSI subband partially overlapping with UL subband or guardband(s) (SB2, SB4): the partial subband, which is the part of the subband overlapping with DL subband, can be associated to a CSI report. It means the corresponding bit is valid/meaningful to indicate the association. 

Proposal 16. For determining CSI reporting subbands, the size of a CSI reporting subband is determined based on the following:
· Option 1. The size of the active DL BWP as in Rel-15
· Option 2. The size of the DL subband(s) within the active DL BWP

Proposal 17. For deriving CSI in SBFD symbols, the CSI reporting band is determined by bitmap in (subbands3,…) in csi-ReportingBand. 
· FFS: how to determine CSI reporting subbands based on the bitmap.
· For a subband indicated by the bitmap and partially overlapping with UL subband or guardband(s), the partial subband, overlapping with DL subband, is used for CSI calculation.

CSI-RS resource across two DL subbands
For CSI-RS resource across two DL subband, the following was captured in TR38.858. 
	Frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs are studied considering the following options:
-	Option 1: Two contiguous CSI-RS resources that are linked
-	Option 2: One CSI-RS resource
-	Option 2-1: Non-contiguous CSI-RS resource allocation
-	Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) 
For all the options, there is no impact on CSI-RS sequence generation. Option 1 requires additional signalling to link two CSI-RS resources in two DL subbands. Option 2-1 requires new RRC structure to configure non-contiguous RBs for one CSI-RS resource, which may require additional signalling overhead. Option 2-2 can reuse the existing signalling design for CSI-RS resource configuration. Option 2-2 can be used to resolve the potential unaligned boundaries between CSI-RS resource configuration and SBFD subbands. Further discussion is required on the UE complexity due to UE capability of maximum number of configured CSI-RS resources and/or processing non-contiguous CSI-RS.


Among the options, Option 1 can provide full flexibility but it may result in complicate specification. For example, for Rel-17 NCJT operation, two NZP CSI-RS resource pairing has been introduced, where one NZP CSI-RS resource is for the 1st TRP and another NZP CSI-RS resource is for the 2nd TRP. This pairing was necessary since gNB would inform UE of different power-control offsets, scramblingID and QCI information. However, for SBFD operation, only necessary information frequency domain allocation information on two DL subbands. Using this pairing is too flexible and not needed. Also, it occupies number of CSI-RS resources so that it will affect UE capability. 
Option 2 can maintain the same number of CSI-RS resources. The difference between option 2-1 and option 2-2 could be frequency domain flexibility. For option 2-2, all PRBs in DL subband(s) are considered as CSI-RS resource but for option 2-1, gNB flexibility configure two frequency domain. However, as we discussed, gNB can configure CSI reporting band, which includes CSI report subbands. So, option 2-1 and option 2-2 has no difference in terms of frequency domain flexibility. Another difference is UE implementation. For option 2-1, UE can directly obtain CSI-RS resource allocation but for option 2-2, UE need to identify which RBs are associated with DL subband(s). 
It is worth noting that for option 2-1 is not necessary for DL-only symbol and for a SBFD symbol with one DL subband configuration. And it is necessary to support two consecutive RBs for two DL subbands, where each set of consecutive RBs is included in each DL subband. 
One issue is whether or not to consider UE capability and UE processing of non-contiguous CSI-RS. Our understanding is that, in Rel-15, although CSI-RS is contiguous in frequency domain, the CSI reporting band can include non-contiguous CSI-RS subbands. So, the CSI reporting already consider non-contiguous CSI-RS so that no need to consider UE capability and UE processing further. Note that if CSI reporting is associated with CSI-RS on DL symbol and CSI-RS on SBFD symbol, UE capability and UE processing can be considered but this is not related to non-contiguous CSI-RS resource. 

Proposal 18: RAN1 to support one CSI-RS resource for two-sided DL subbands. Down-select between Option 2-1 and Option 2-2.
· For Option 2-1, non-contiguous CSI-RS resource allocation includes two set of consecutive RBs for two DL subbands , where each set of consecutive RBs is included in each DL subband
· For both options, no need to further consider additional UE capability or UE processing by allowing non-contiguous CSI-RS resource.  

CSI report enhancements
	For SBFD-aware UEs, the following options are studied for CSI report associated with periodic/semi-persistent CSI-RS, in case the periodicity is such that CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots (each CSI-RS resource within a slot has either all SBFD or all non-SBFD symbols):
· Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
· Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
· Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
· Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
· Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
· Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.


For CSI measurement and reporting in case of SBFD operation, it is important to differentiate the CSIs for SBFD symbols and the CSIs for non-SBFD symbols since the panel / antenna ports / interference level may be quite different for SBFD symbols and non-SBFD symbols.
To support CSIs for SBFD symbols and CSIs for non-SBFD symbols, CSI-ReportConfig for SBFD symbols and CSI-ReportConfig for non-SBFD symbols should supported as baseline. A follow-up question is whether separate CSI-RS resources or a single CSI-RS resource is used for the measurement of SBFD symbols and non-SBFD symbols. In our view, a single CSI-RS resource is preferred, that is, the transmission occasion of a CSI-RS resource should be able to across SBFD symbols and non-SBFD symbols. This is to ensure the operation of SBFD cell without requiring significant increase in DL CSI-RS resources. For 32-port CSI-RS requiring 2 or 4 symbols in the slot may not even be meaningfully possible to configure separate CSI-RS resources (with associated CSI reports). Also, it is notable that the maximum number of configured CSI-RS resources for a particular UE is subject to UE capability. If separate CSI-RS resources are mandated for different symbol types, the number of configured CSI-RS resources is doubled which significantly degrades the flexibility of CSI measurement/reporting.
Assuming the transmission occasion of CSI-RS resource is across SBFD symbols and non-SBFD symbols, for CSI-ReportConfig for SBFD symbols, in order to obtain the CSI only for SBFD symbols, only CSI-RS transmission occasions within SBFD symbols are used for CSI derivation. Similarly, for CSI-ReportConfig for non-SBFD symbols, in order to obtain the CSI only for non-SBFD symbols, only CSI-RS transmission occasions within non-SBFD symbols are used for CSI derivation. An issue for further study is how to identify a CSI-ReportConfig is for SBFD symbols or non-SBFD symbols. For example, it can be identified based on gNB indication (e.g., a new parameter in CSI-ReportConfig or DCI/MAC-CE indication) or UE determination (e.g., based on the symbol type for CSI reference resource).

[bookmark: _Hlk158927644]Proposal 19: Support CSI-ReportConfig for SBFD symbols and CSI-ReportConfig for non-SBFD symbols, respectively.
· For CSI-ReportConfig for SBFD symbols, only CSI-RS transmission occasions within SBFD symbols are used for CSI derivation.
· For CSI-ReportConfig for non-SBFD symbols, only CSI-RS transmission occasions within non-SBFD symbols are used for CSI derivation.
· FFS: how to identify a CSI-ReportConfig is for SBFD symbols or for non-SBFD symbols

It is notable that the maximum number of configured CSI report for a particular UE is subject to UE capability. To avoid the increase of the number of CSI report configuration for SBFD operation (i.e., for SBFD symbols and for non-SBFD symbols), it is beneficial to support a CSI-ReportConfig with CSI for SBFD symbols and CSI for non-SBFD symbols in one reporting instance. Similar as the discussion above, for the CSI for SBFD symbols, only CSI-RS transmission occasions within SBFD symbols are used for CSI derivation; for the CSI for non-SBFD symbols, only CSI-RS transmission occasions within non-SBFD symbols are used for CSI derivation. To support this type of CSI-ReportConfig, the design of Rel-18 CSI reporting introduced for NES can be largely reused. A CSI-ReportConfig for NES is configured with multiple sub-configurations, where each configuration can be associated with spatial/power parameters. For SBFD operation, a sub-configuration can either associated with SBFD symbols or non-SBFD symbols, additionally with the spatial/parameter associated with the SBFD symbols or the non-SBFD symbols (e.g., different symbol types may correspond to different transmission antenna ports or different DL transmission power). Based on NW triggering, UE can report the CSIs for the sub-configuration associated with SBFD symbols and CSIs for the sub-configuration associated with non-SBFD symbols.

Proposal 20: Support a CSI-ReportConfig with CSI for SBFD symbols and CSI for non-SBFD symbols in one reporting instance.
· For the CSI for SBFD symbols, only CSI-RS transmission occasions within SBFD symbols are used for CSI derivation.
· For the CSI for non-SBFD symbols, only CSI-RS transmission occasions within non-SBFD symbols are used for CSI derivation.
· FFS: support the CSI-ReportConfig by extending the Rel-18 CSI reporting for NES (e.g., each sub-configuration can be associated with SBFD symbols or non-SBFD symbols).


2.3 Configurations on SBFD symbols and non-SBFD symbols
 In this section, we discuss separate configurations for UL transmission on SBFD symbols and non-SBFD symbols. Note that PUSCH/PUCCH frequency hopping is discussed in 3.2.3.1.

UL power control parameters
In SBFD symbol and UL symbol, the required UL transmission power is not the same. For SBFD symbol, the uplink reception performance is suffered from self-interference and (co-site/inter-site) gNB-gNB CLI. Also, there may be adjacent channel interference from other operators. So, in general, UL transmission power on SBFD symbol is required to be increased. 
PUSCH transmission power is determined by
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The equation includes the following components:
· PCMAX is the configured maximum output power
· PO_PUSCH is called p0 value and it is configured by gNB. Nominal value and UE-specific value can be configured. 
·  is call alpha value and it is configured by gNB. If , no DL pathloss compensation and if , full DL pathloss compensation
·  is used to compensate the downlink pathloss. DL Pathloss RS is configured to measure the downlink pathloss. 
· f is called closed-loop power control value and updated by TPC command in a DCI scheduling PUSCH
·  is called delta offset value and used to compensate different MCS (BPRE) options. 
·  is used to compensate occupied BW of the scheduled PUSCH

We prefer fully separate parameterization for UL power control in SBFD symbols and UL only symbols. It means, separate sets for DL Pathloss RSs, separate open loop power control parameters (PO_PUSCH, ) and their signaling. Also, the closed-loop power control value for SBFD symbol is also separately configured. 

Proposal 21: RAN1 to support separate sets for UL power control parameters for PUSCH, PUCCH, and SRS on UL subband
· Separate DL pathloss RS configuration, separate open-loop power control parameters (alpha, P0), and associated PHR reporting
· TPC field in a DCI scheduling PUSCH is applied to the corresponding symbol type

Beam/spatial relation
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Figure 7. Best beam/spatial relation for Non-SBFD symbol and SBFD symbol

From RAN4’s study of TS38.858, the beam isolation value is important to avoid RX blocking and to obtain 1dB desense for self-interference. It is evident that amount of self-interference is determined by TX-RX beam pair. For example, as in Figure 7, if there is a clutter in TX/RX beam boresight direction, UL performance is suffered from strong self-interference. In other words, some Tx-Rx beam pair can be restricted in SBFD symbol, but all Tx-Rx beam pair is allowed in non-SBFD symbol.
 To indicate appropriate TX/RX beam pair on SBFD symbol, a separate QCL/TCI configuration and indication may be considered. In other words, UE may be configured with two set of QCL-info or TCI configuration - One for non-SBFD symbol and another for SBFD symbol. Note that separate QCL/TCI configuration and indication have been introduced in single DCI-based PDSCH/PUSCH scheduling in mTRP scenario. So, the similar frameworks can be extended. 
Furthermore, when PDSCH repetition or PUSCH repetition is scheduled across SBFD symbol and non-SBFD symbol, different TX/RX beam pairs can be configured/indicated in non-SBFD symbol and SBFD symbol. In this case, UE needs to change TX/RX beam at boundary of non-SBFD symbol and SBFD symbol. It may require additional UE implementation.

Proposal 22: RAN1 to support separate QCL/TCI states for SBFD symbols

2.4 Collision Handling
The following agreements were made in RAN1#116 meeting regarding the collision handling of overlapping channels.
	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.




The determination of link direction is not explicitly within the scope of the WID and may not need to be specified. Instead of determining the link direction, the discussion should focus on the UE behaviour on receiving/transmitting a channel/signal. The issue is whether a UE can be scheduled/configured with a DL reception in DL sub-band and a UL transmission in UL sub-band on SBFD symbols, if it is allowed, how to deal with the overlapping for a DL reception and a UL transmission. Actually, a similar issue exists in legacy flexible symbols, same rule can be taken as baseline and further discuss the difference between legacy flexible symbols and SBFD symbols.

For dynamic scheduling, UE should always follow the indication for a DCI format to receive or transmit a channel/signal. If there is an overlapping between a semi-static DL or UL channel/signal and a dynamic scheduled UL or DL channel/signal, the UE does not receive the semi-static DL channel/signal or the UE cancels the transmission of the semi-static UL channel/signal, respectively. The following agreements were made in RAN1#116bis meeting.
	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



One remaining issue is for a PUSCH/PDSCH with repetitions, in legacy for a PDSCH/PUSCH scheduled by a DCI format, it never gets cancelled by semi-static UL/DL channels/signals regardless of the repetitions, for SBFD scenario, the motivation of defining a different UE behaviour is not clear especially defining a different UE behaviour from multi-PDSCH/PUSCH scheduling which is included in the above agreement. 

Observation 2: There is no motivation to define a different UE behaviour when a PDSCH/PUSCH repetition scheduled by a DCI format overlaps with semi-static UL/DL channels/signals compared with a PDSCH/PUSCH without repetition scheduled by a DCI format

For semi-static configured channels/signals, it first needs to clarify whether a semi-static UL channel/signal in UL sub-band can overlap in time with a semi-static DL channel/signal in DL sub-band. A similar issue in legacy is whether a semi-static UL channel/signal can overlap in time with a semi-static DL channel/signal on flexible symbols and this is considered as an error case as described in the text below. The same rule can be adopted for SBFD symbols for simplicity.

	For a set of symbols of a slot that are indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, the UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception by the UE in the set of symbols of the slot. 



For the overlapping between SSB and a UL channel/signal, if the UL channel/signal is semi-static configured by higher layer signalling, the UE cancels the transmission of the UL channel/signal as in legacy. For dynamic schedule UL channel/signal, it is possible that the UE can transmit the UL channel/signal. The difference from legacy is that the new SBFD-capable gNB is capable of simultaneous transmission and reception in a FDM’ed manner. Therefore, the UE can follow the indication of gNB to transmit the UL channel/signal. 

Observation 3: The link direction does not need to be specified in an SBFD symbol.

Proposal 23: For SBFD-aware UE transmission and reception in an SBFD symbol on a serving cell, 
· A UE receives a DL channel/signal if the DL channel/signal is associated with a DCI format.
· A UE transmits a UL channel/signal if the UL channel/signal is associated with a DCI format.
· A UE does not receive a DL channel/signal configured by higher layers if the DL channel/signal overlaps in time with a PUSCH transmission with repetitions scheduled by a DCI format. Otherwise, the UE receives the DL channel/signal.
· A UE cancels a transmission of a UL channel/signal configured by higher layers if the UL channel/signal transmission overlaps in time with a PDSCH reception with repetitions scheduled by a DCI format. Otherwise, the UE transmits the UL channel/signal.
· UE does not expect to be configured to receive a DL channel/signal and to transmit a UL channel/signal on a same SBFD symbol by higher layer signalling.
· A UE cancels a transmission of a UL channel/signal configured by higher layers if the UL channel/signal transmission overlaps in time with SSB.
· RAN1 conclude that a UE does not expect to receive a DL channel/signal and transmits a UL channel/signal on a same SBFD symbol if both channels/signals are associated with DCI formats.
· RAN1 conclude that a UE transmits a UL channel/signal associated with a DCI format in case the UL channel/signal overlaps in time with SSB. 

Another open issue for the collision handling is whether to define 2 level PHY priority for DL channels/signals, the similar issue exists in legacy scenario of flexible symbols and HD-UE. The motivation of introducing 2 level PHY priority for DL channels/signals for SBFD scenario has no difference from the legacy scenario of flexible symbols and HD-UE. This feature would have large specification impact as well as complicate the implementation for both UE and network.

Proposal 24: RAN1 conclude that 2 level PHY priority is not supported for DL channels/signals in Rel-19.

2.5 Other Considerations
2.5.1 UL transmit timing
For Rel-19 SBFD, the UL transmit timing of the UL channels/signals transmitted by the UE in the SBFD UL subband needs to be decided.
For reception by the gNB in the UL slot, the Rx timing misalignment between the UL signals received from different UEs is controlled such that ideally it falls within the CP.
In Rel-15 NR, the UL transmit timing procedure uses MAC-CE signaled timing advance as a negative transmission time offset at the UE between the start of a DL slot as observed by the UE and the start of a slot in the UL. The UL frame number i for transmission from the UE is defined as  before the start of the corresponding DL frame at the UE in 38.211. For NR single carrier, the UE maintains a single TA loop. The sequence of gNB signaled TA commands in the MAC-CEs is used by the UE together with UE-autonomous TA adjustment when tracking the DL reference timing to set the UL transmit timing.
[bookmark: _Hlk119421021]A default value depending on the FR and FDD/TDD is assumed by the UE for , or RRC signaling configures the UE with a value through parameter n-TimingAdvanceOffset for the serving cell. Note that if the UE is configured with two UL carriers for a serving cell, the same timing advance offset value  applies to both carriers.
In Rel-15 NR, up to 2 different/separate timing advance groups (TAGs) can be configured to better support CA and DC deployments. When the different UL component carriers from the UE are all received at the same geographical location, i.e., gNB reception is co-located, the same TA value can usually be employed for all the UL component carriers. When different UL component carriers are received at different geographical locations, i.e., non-co-located, the different UL carriers can require different TA values to best align the UL Rx timings at these distinct reception sites. An example is the case of RRH-based gNB CA deployments or NR-NR dual connectivity where different UL component carriers are usually terminated at different BS sites. RRC then configures the UE with UL CCs in 2 different/separate timing advance groups (TAGs). Separate TA commands apply to these 2 different TAGs. All CCs in the same TAG are subject to the same TA command. The UE maintains 2 separate TA loops, one for each TAG.
Rel-18 NR then introduced the possibility to configure the UE with two TAs on the same serving cell in support of multi-DCI based operation. This is motivated by UL performance improvements to enhance the support of UL multi-TRP deployments.
For Rel-19 SBFD, the open design question is if the UL transmit timing from the UE perspective should be the same/shared as in the UL slot, or if support of different/separate UL transmit timings in the UL subband and UL slot can be beneficial for improved UL reception performance in the gNB.
The underlying issue is the gNB-side SIC implementation. Analog and digital SIC components can work better if self-interference is cancelled on pair-wise aligned (from the gNB perspective) DL and UL symbols. Equalization of the received UL symbols across DL symbol boundaries is best avoided. Note that aligned UL Rx timing (usually to within the CP) for UL receptions from multiple UEs by the gNB does not imply DL-UL alignment with respect to the gNB DL Tx timing. Another consideration is SIC complexity. When symbol-level equalization is desired, SIC processing of the received UL symbol across 2 partial DL symbols results in doubled coefficients.
The question of UL transmit timing affects both UL demodulation performance in the gNB and gNB complexity required for SIC.
In the Rel-18 Duplex enhancements, UL transmit timing was somewhat discussed but more detailed considerations then left for the work item phase. One key aspect is the assumed gNB side SIC implementation. In presence of RF degradations, the net effect of DL-UL mis-aligned symbol trains due to SIC processing can be reduced. For BB-centric implementations, the net effect and benefit to allow for DL-UL aligned symbol trains can be larger. 38.858 summarized these findings.

38.858 Section 6.1.3 BS self-interference due to time misalignment
Time misalignment at gNB between UL receptions and DL transmissions due to configuration of non-zero NTA,offset at UE can lead to increased interference assuming no gNB transmit chain impairments and no filtering of DL subband(s) in the gNB Rx chain.
Simulation results from one source [41] show that the increase of self-interference on the UL subband due to misaligned timing between UL reception and DL transmission at the gNB can be quite small (~1dB) when impairments in the gNB transmit chains and filtering of DL subbands in the gNB Rx chains are considered. Filtering that suppresses self-interference from DL subbands in the gNB Rx chains could incur some switching time/delay to bypass the filter in UL symbols and could introduce some insertion loss.


For Rel-19 SBFD, we see 2 possible design options for the UL transmit timing of an UL channel/signal in the SBFD UL subband from the UE to down-select from.
Option 1: The UL transmit timing in the SBFD UL subband and in the UL slot is the same.
Note: The SBFD-aware UE then follows existing Rel-15 behavior to determine its UL transmit timing in the SBFD UL subband.
Option 2: The UL transmit timings in the SBFD UL subband and in the UL slot can be different.
· Option 2a: using a single TA on the serving cell but 2 separately configured NTA,Offset values for the UL subband the UL slot, respectively.
· Option 2b: using 2 separate TAs on the serving cell, one for the UL subband and the other for the UL slot.
Note: The SBFD-aware UE then follows the existing Rel-18 2-TA feature on the serving cell introduced for mTRP.


Option 1 (same/shared) can simplify the UE-side operation. The SBFD-aware UE follows Rel-15 UL transmit timing for any UL transmission in the SBFD UL subband and the UL slot. gNB-side complexity can be increased and UL demodulation performance by the gNB in the SBFD UL subband can be negatively impacted due to DL-UL symbol mis-alignment from the gNB perspective.
Options 2a and 2b (different/separate) allow to separately adjust the UL Rx timings from the same UE at the gNB for UL transmissions received in the SBFD UL subband and the UL slot, respectively.
Options 1 (same/shared) and 2b (different/separate: using 2-TA from mTRP) are supported by existing Rel-18 specifications in the sense that the UL transmit timing procedure in 38.213 and corresponding MAC-CE signalling in 38.321 exists. Option 2a (different/separate: using 2 configured NTA,Offset values) would require some changes in RRC.
For Rel-19 SBFD, both Options 2a and 2b (different/separate) may require additional specification support to address and resolve potential collision cases arising when the UL transmit timing of the UE at the end of the UL subband must be changed prior to UL transmission in the UL slot from the UE. For example, dropping, skipping priority based rule may be applied to the last symbol of the UL transmission in the SBFD UL subband when overlap with the first UL symbol of the UL slot would result. Note that Rel-18 mTRP already provides some rules to resolve such cases.
In summary, we propose to capture these possible design options for down-selection.

Proposal 25: For UL transmissions of an UL channel/signal by the SBFD-aware UE in the SBFD UL subband and the UL slot, the following design options are identified:
· Option 1: The UL transmit timing in the SBFD UL subband and in the UL slot is the same.
Note: The SBFD-aware UE then follows existing Rel-15 behavior to determine its UL transmit timing in the SBFD UL subband.
· Option 2: The UL transmit timings in the SBFD UL subband and in the UL slot can be different.
· Option 2a: using a single TA on the serving cell but 2 separately configured NTA,Offset values for the UL subband the UL slot, respectively.
· Option 2b: using 2 separate TAs on the serving cell, one for the UL subband and the other for the UL slot.
Note: The SBFD-aware UE then follows the existing Rel-18 2-TA feature on the serving cell introduced for mTRP.

3. Conclusion 
This contribution discussed the SBFD operation design and following observations and proposals are given:
Observation 1: The motivations of supporting SIB1 and dedicated RRC signaling for SBFD configuration are
· The motivation of SIB1 is to indicate SBFD configuration to RRC connected/[idle/inactive] UE, like ServingCellConfigCommonSIB
· The motivation of dedicated RRC signalling is to configure cell-specific parameters for RRC connected UE for Scell Addition case, like ServingCellConfigCommon

Observation 2: There is no motivation to define a different UE behaviour when a PDSCH/PUSCH repetition scheduled by a DCI format overlaps with semi-static UL/DL channels/signals compared with a PDSCH/PUSCH without repetition scheduled by a DCI format
Observation 3: The link direction does not need to be specified in an SBFD symbol.

Proposal 1: For usable PRB determination, RAN1 to 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 2: For explicit DL subband or guardband configuration, RAN1 to support option 1.
· 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 3. For the reference starting RB, use CRB0 + offsetToCarrier.
Proposal 4. For the periodicity of SBFD subbands, RAN1 to support Option 2.
· Option 2: The period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· The periodicity of SBFD subbands can be m*p if pattern2 is not configured or m*(p+p2) if pattern2 is configured
· m is an integer and can be configured. If not configured, m=1.
Proposal 5. SBFD frequency indication and SBFD time indication can be carried by both SIB1 and dedicated RRC signalling
Proposal 6: For FDRA type-0, RAN1 to conclude that 
· Nominal RBG size is determined by BWP size as legacy 
· A bit corresponding to an unschedulable RBG is included in FDRA field and indicated by ‘0’
Proposal 7. For DL FDRA type-1, support Option 1-1 or Option 1-2
· If TBS determination rule is updated, it should be applied to both FDRA type-0 and type-1.
Proposal 8. RAN1 strives for a unified solution for handling SPS PDSCH without repetitions, PDSCH repetitions, and multi-PDSCH scheduled by a single DCI across SBFD symbols or non-SBFD symbols.
Proposal 9. For SPS with/without repetitions, PDSCH repetitions, and multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, support option 3.
Proposal 10. RAN1 strives for a unified solution for handling CG PUSCH with/without repetitions, PUSCH with repetition type-A, multi-PUSCH scheduled by a single DCI, and TBoMS with/without repetitions across SBFD symbols and non-SBFD symbols.
Proposal 11. For PUSCH CG with/without repetitions, PUSCH repetition type-A, multi-PUSCH scheduled by a single DCI, and TBoMS with/without repetitions across SBFD symbols and non-SBFD symbols, support option 3 if frequency hopping is not enabled.
Proposal 12. For determining PUSCH frequency hopping in a UL subband, use the UL subband BW instead of the active UL BWP. 
Proposal 13. For PUSCH frequency hopping on SBFD symbols, gNB can configure separate frequency hopping offset values for SBFD symbols. 
Proposal 14. For SBFD symbols, starting RB indexes of two hops in a PUCCH resource configuration can be separately configured.
Proposal 15: If PRG is determined as wideband, RAN1 to support 
· Non-contiguous frequency resources across two DL subbands but contiguous frequency resource. 
· No introduction of separate PDSCH processing timeline
Proposal 16. For determining CSI reporting subbands, the size of a CSI reporting subband is determined based on the following:
· Option 1. The size of the active DL BWP as in Rel-15
· Option 2. The size of the DL subband(s) within the active DL BWP

Proposal 17. For deriving CSI in SBFD symbols, the CSI reporting band is determined by bitmap in (subbands3,…) in csi-ReportingBand. 
· FFS: how to determine CSI reporting subbands based on the bitmap.
· For a subband indicated by the bitmap and partially overlapping with UL subband or guardband(s), the partial subband, overlapping with DL subband, is used for CSI calculation.
Proposal 18: RAN1 to support one CSI-RS resource for two-sided DL subbands. Down-select between Option 2-1 and Option 2-2.
· For Option 2-1, non-contiguous CSI-RS resource allocation includes two set of consecutive RBs for two DL subbands , where each set of consecutive RBs is included in each DL subband
· For both options, no need to further consider additional UE capability or UE processing by allowing non-contiguous CSI-RS resource.  
Proposal 19: Support CSI-ReportConfig for SBFD symbols and CSI-ReportConfig for non-SBFD symbols, respectively.
· For CSI-ReportConfig for SBFD symbols, only CSI-RS transmission occasions within SBFD symbols are used for CSI derivation.
· For CSI-ReportConfig for non-SBFD symbols, only CSI-RS transmission occasions within non-SBFD symbols are used for CSI derivation.
· FFS: how to identify a CSI-ReportConfig is for SBFD symbols or for non-SBFD symbols
Proposal 20: Support a CSI-ReportConfig with CSI for SBFD symbols and CSI for non-SBFD symbols in one reporting instance.
· For the CSI for SBFD symbols, only CSI-RS transmission occasions within SBFD symbols are used for CSI derivation.
· For the CSI for non-SBFD symbols, only CSI-RS transmission occasions within non-SBFD symbols are used for CSI derivation.
· FFS: support the CSI-ReportConfig by extending the Rel-18 CSI reporting for NES (e.g., each sub-configuration can be associated with SBFD symbols or non-SBFD symbols).

Proposal 21: RAN1 to support separate sets for UL power control parameters for PUSCH, PUCCH, and SRS on UL subband
· Separate DL pathloss RS configuration, separate open-loop power control parameters (alpha, P0), and associated PHR reporting
· TPC field in a DCI scheduling PUSCH is applied to the corresponding symbol type

Proposal 22: RAN1 to support separate QCL/TCI states for SBFD symbols
Proposal 23: For SBFD-aware UE transmission and reception in an SBFD symbol on a serving cell, 
· A UE receives a DL channel/signal if the DL channel/signal is associated with a DCI format.
· A UE transmits a UL channel/signal if the UL channel/signal is associated with a DCI format.
· A UE does not receive a DL channel/signal configured by higher layers if the DL channel/signal overlaps in time with a PUSCH transmission with repetitions scheduled by a DCI format. Otherwise, the UE receives the DL channel/signal.
· A UE cancels a transmission of a UL channel/signal configured by higher layers if the UL channel/signal transmission overlaps in time with a PDSCH reception with repetitions scheduled by a DCI format. Otherwise, the UE transmits the UL channel/signal.
· UE does not expect to be configured to receive a DL channel/signal and to transmit a UL channel/signal on a same SBFD symbol by higher layer signalling.
· A UE cancels a transmission of a UL channel/signal configured by higher layers if the UL channel/signal transmission overlaps in time with SSB.
· RAN1 conclude that a UE does not expect to receive a DL channel/signal and transmits a UL channel/signal on a same SBFD symbol if both channels/signals are associated with DCI formats.
· RAN1 conclude that a UE transmits a UL channel/signal associated with a DCI format in case the UL channel/signal overlaps in time with SSB. 
Proposal 24: RAN1 conclude that 2 level PHY priority is not supported for DL channels/signals in Rel-19.
Proposal 25: For UL transmissions of an UL channel/signal by the SBFD-aware UE in the SBFD UL subband and the UL slot, the following design options are identified:
· Option 1: The UL transmit timing in the SBFD UL subband and in the UL slot is the same.
Note: The SBFD-aware UE then follows existing Rel-15 behavior to determine its UL transmit timing in the SBFD UL subband.
· Option 2: The UL transmit timings in the SBFD UL subband and in the UL slot can be different.
· Option 2a: using a single TA on the serving cell but 2 separately configured NTA,Offset values for the UL subband the UL slot, respectively.
· Option 2b: using 2 separate TAs on the serving cell, one for the UL subband and the other for the UL slot.
Note: The SBFD-aware UE then follows the existing Rel-18 2-TA feature on the serving cell introduced for mTRP.
Reference 
[1] RP-240789, “WID revision: Evolution of NR duplex operation: Sub-band full duplex (SBFD)”; 3GPP TSG RAN Meeting #103, Maastricht, Netherlands, March 18-21, 2024
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