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[bookmark: _Ref78978006]Introduction
A work item on Evolution of NR duplex operation has been approved for Rel.19 [1]. This document provides our view on SBFD TX/RX/measurement procedures.
Discussion
Indication of SBFD subband location
Frequency location indication
In RAN1#116, the following agreement was reached on the 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.
[bookmark: _Hlk162963575]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).



For the above two options, we are ok with either, but to determine either would be important. Comparing two, Option 2 has the benefit of reducing signaling overhead but would be too optimized for the current SBFD situation (i.e., Option 2 is based on the assumption that there is only one UL subband, and guard band is allocated on one or both side of the UL subband). Option 1 would be simpler and more flexible.
Proposal 1: For semi-static indication of SBFD subband frequency location, support Option 1 (Frequency locations of UL subband and DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s)).

Time location indication
In RAN1#116 and RAN1#116bis, the following agreements were reached on the configuration of subband location.
	Agreement (RAN1#116)
For RRC connected mode UEs, at least cell-specific configuration on time and frequency(working assumption) location of SBFD subbands is supported within a TDD carrier.
· FFS: Additional support of UE-specific configuration on time and/or frequency locations of SBFD subbands

Agreement (RAN1#116bis)
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.



For time domain location indication, the design of TDD-UL-DL-ConfigCommon can be used, where the periodicity and number of DL slots, DL symbols, UL slots, UL symbols are signalled as TDD-UL-DL-Pattern. With reusing these designs, the number of switching times in a period can be limited and the signaling overhead can be saved. 
The Figure 1 shows one example of using cell-common signaling, where both parameters, tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationCommon-r19, are broadcast by SIB, configuring slot configuration for a periodicity of 5 slots. tdd-UL-DL-ConfigurationCommon-r19 is a new parameter for SBFD aware UE. Non-SBFD aware UEs recognize tdd-UL-DL-ConfigurationCommon, and obtain the slot configuration as "DDDDU". On the other hand, SBFD aware UEs recognize both parameters, and obtain a different slot configuration from tdd-UL-DL-ConfigurationCommon-r19 as "DUUUU". One can introduce the rule that symbols overwriting "DU" as SBFD symbol. Note that overwriting "DU" is not supported in the previous releases. Therefore, it can be used as new symbol type as SBFD symbol. As a result, slot configuration is determined as "DXXXU" by SBFD capable UE. 
Instead of the above method (i.e., to indicate SBFD symbol/slot by overwriting "DU"), to indicate "DXXXU" directly by tdd-UL-DL-ConfigurationCommon-r19 can also be considered.
Proposal 2: Introduce a separate slot and symbol configuration for SBFD operation by using the signaling design of TDD-UL-DL-ConfigCommon in order to limit the number of switching times and to save the signaling overhead.
[image: ]
[bookmark: _Ref158966246]Figure 1  SBFD operation by using a new slot configuration

Link direction indication
In RAN1#116, the following agreement was reached on link direction for SBFD-aware UE in SBFD symbol.
	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. 



For Option 2, the two benefits are argued. One is collision handling, i.e., the collision between UL transmission and DL reception can be resolved by the dynamic indication of the link direction. The other is UE power saving, i.e., UE power consumption can be reduced by avoiding the frequent switching of the link direction and/or the PDCCH monitoring. 
However, the above benefits can be achieved without using the explicit indication. For collision handling, if collision handling rules are specified as in half-duplex FDD, the explicit indication would not be needed. For UE power saving, if needed, gNB can control the link direction by scheduling/configuring UE's transmission/reception on SBFD symbols, and can reuse Rel.17 PDCCH monitoring reduction schemes (i.e., search space set group switching, PDCCH skipping). Therefore, the explicit indication of link direction would not be essential.
Proposal 3: For link direction for SBFD-aware UE in SBFD symbol, support Option 1 (UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any)).

Transmission/reception behaviours 
In this sections, transmission/reception behaviors for some channels/signals are discussed. 
PUSCH
Dynamic grant PUSCH
For frequency domain resource allocation with different available resources for SBFD symbols and non-SBFD symbols, the following options are captured in TR38.858 [2].
	TR38.858, 6.1.2 Impact and potential enhancements for transmissions and receptions
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), if the transmissions/receptions can be in SBFD symbols and non-SBFD symbols with different available resources, at least the following frequency resource allocation options for PDSCH, CSI-RS, PUSCH, PUCCH, SRS for SBFD-aware UE are studied.
-	Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 
-	Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
-	Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 
-	Option 1-3: single FDRA configuration/indication and RB offset(s)
-	Option 2: Perform rate matching or puncturing on the RBs outside DL/UL subbands for DL/UL channels/signals. 
-	Option 3: A DL/UL channel/signal overlapping with RBs outside DL/UL subbands in a SBFD slot is dropped or postponed.
Note: Different options can be studied for different signals/channels.



As described in option 1 and option 2, potential enhancements for FDRA were discussed in SI phase. However, at least for PUSCH scheduled by dynamic grant, such enhancements would not be essential because gNB can schedule the frequency resource according to SBFD symbol or UL symbol. PDSCH has a potential issue to allocate non-contiguous DL subbands in SBFD symbol, but PUSCH does not have such issue (i.e., there is one UL subband at least in Rel.19). Even for PUSCH repetition, gNB can schedule so that frequency resources for repetitions will be limited within UL subband if the repetitions occur over both SBFD symbol and UL symbol. This operation has the merit of simplicity. Therefore, our preference is option 3. In addition, this means specific enhancement of rate matching/puncturing are not needed.
Proposal 4: For PUSCH with dynamic grant, the same FDRA determination is used between SBFD symbol and non-SBFD symbol, and enhancement of rate matching/puncturing are not needed. 

CG PUSCH
In RAN1#116bis, the following agreement was reached on CG PUSCH configuration.
	Agreement
<SPS PDSCH parts are omitted>
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



Considering that the link quality between SBFD symbol and non-SBFD symbol can be different, it would be preferable to apply separate configurations for SBFD symbol and non-SBFD symbol, in addition to resource configurations (e.g., MCS, beam/spatial relation, UL power control). 
For option 1 and option 4, separate configurations can be used associating with SBFD symbol and non-SBFD symbol. For option 1, in order to use separate configurations, new parameters need to be added for SBFD (e.g., for resource configuration in frequency domain, additional frequencyDomainAllocation for SBFD symbol needs to be specified in ConfiguredGrantConfig). Although it can be beneficial to switch configurations for SBFD symbol and non-SBFD symbol by a single ConfiguredGrantConfig, the specification impact would be larger than option 4. In addition, for CG type 2, two types of FDRA are needed in activation DCI in order to have separate resource configurations (i.e., FDRA for SBFD symbol and FDRA for non-SBFD symbol are needed in activation DCI). This increases DCI overhead. Or the procedure of activation can be more complex using multiple DCIs.
For option 4, it is easier to achieve separate configurations for SBFD and non-SBFD symbols compared to option 1 because one set of parameters for CG PUSCH (e.g., ConfiguredGrantConfig) is associated with either SBFD symbol or non-SBFD symbol (i.e., additional parameters such as frequencyDomainAllocation for SBFD symbol are not needed). Therefore, our preference is option 4. When CG traffic needs to be allowed to be sent both SBFD and non-SBFD symbols, two configurations can be used respectively for SBFD symbols and non-SBFD symbols.
Proposal 5: For a CG PUSCH configuration without repetitions, support option 4.

PUSCH repetition
In RAN1#116bis, the following agreement was reached on PUSCH repetition type A.
	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 described the previous section, for dynamic grant PUSCH, our preference is that the same FDRA determination is used between SBFD symbol and non-SBFD symbol, and enhancement of rate matching/puncturing are not needed. Considering that the same operation is also applied for the repetition, option 1, 2, and 5 are not needed. For option 3, resources across SBFD symbols and UL symbols can efficiently be used compared to option 4 and 6. Thus, our preference is option 3.
For PUSCH repetition type A, two methods need to be considered, i.e., without available slot counting and with available slot counting. For PUSCH repetition without available slot counting, when PUSCH is determined as invalid (i.e., a PUSCH in a slot overlapping with RBs outside UL usable PRBs in SBFD symbols as described in option 3), PUSCH is dropped. For PUSCH repetition with available slot counting, when PUSCH is determined as invalid, PUSCH is postponed. 
The postpone can be achieved by extending the existing functionality of available slot counting (i.e., PUSCH can be postponed to the next available slot). If PUSCH is scheduled at non-SBFD symbols, and if PUSCH is mapped within UL subband frequency (i.e., frequency location is within UL usable PRBs), then SBFD symbols are determined as available. If PUSCH is scheduled at non-SBFD symbols, and if PUSCH is mapped outside UL subband frequency, then SBFD symbols are determined as unavailable. If PUSCH is scheduled at SBFD symbols, non-SBFD symbols (only UL or flexible symbols) are determined as available. Frequency hopping needs to be taken into account. Figure 2 shows an example. Figure (a) shows the case where PUSCH is mapped within UL subband frequency. PUSCH rep#1 is scheduled in slot #0 within UL subband frequency. Then, slot #1 is determined as available, and PUSCH rep#2 can be allocated. Figure (b) shows the case where PUSCH is mapped outside UL subband frequency. PUSCH rep#1 is scheduled in slot #0 outside UL subband frequency. Slot #1 and #2 are determined as unavailable, and slot #3 is determined as available. Then, PUSCH rep#2 is allocated in slot #3. 
Proposal 6: 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, support option 3.
[image: ]
[bookmark: _Ref166140646]Figure 2 Example of Option 3 with available slot counting

PDSCH 
RA type 1
In RAN1#116bis, the following agreement was reached on resource allocation Type 1 for PDSCH.
	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



For option 1-1 and 1-2, the difference is only TBS calculation. In option 1-1, assigned MCS and actual MCS can be more aligned compared with option 1-2. In option 1-2, even if the existing TBS determination is just used, TBS can be adjusted by MCS selection itself (e.g., if many assigned RBs are collided with UL subband or guardband, lower MCS can be used to adjust TBS). Although both option 1-1 and 1-2 can work, we prefer option 1-1 because the complexity of MCS selection would not be increased and resources can be used more efficiently by using more aligned MCS.
For option 2 and 3, either RB indexing/PRB bundle indexing or VRB-to-PRB mapping is modified from the legacy. In this case, even if the same VRBs are scheduled between SBFD aware UE and non-SBFD aware UE, the resulting assigned PRBs will be different. Then, if both SBFD aware UEs and non-SBFD aware UEs are scheduled in the same SBFD symbols, the resource fragmentation can occur. Therefore, we prefer option 1-1 compared to option 2 and 3.
Proposal 7: For frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, support Option 1-1.

SPS PDSCH
In RAN1#116bis, the following agreement was reached on SPS PDSCH configuration.
	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
<CG PUSCH parts are omitted>



Above options are aligned with CG PUSCH described in the previous section. Since SPS PDSCH and CG PUSCH type 2 are similar operation, consistent operation for both functionalities would be preferable in order to reduce complexity.
Proposal 8: For a SPS PDSCH configuration without repetitions, support option 4.

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



Options are aligned with PUSCH repetition type A described in the previous section. Since PDSCH repetition and PUSCH repetition type A without available slot counting are similar operation, consistent operation for both functionalities would be preferable in order to reduce complexity.
Proposal 9: 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, support option 3.

PRG 
For wideband PRG, the following options are captured in TR38.858 [2]. 
	TR38.858, 6.1.2 Impact and potential enhancements for transmissions and receptions
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.



In the current specification, support of non-wideband PRG is mandatory. Table 1 shows FG 2-11 in UE feature list (from TR38.822 [3]). According to the note of FG 2-11 (blue part in the table), semi-static PRB bundling is mandatory. Since semi-static PRB bundling supports {4, wideband}, non-wideband PRG is mandatory. If non-wideband PRG is supported by all UEs, to handle non-contiguous segments for channel measurement can be supported. In order to reduce UE complexity for channel estimation in Option 1, the requirement of the performance should be same with non-wideband PRG case (i.e., the performance requirement is relaxed compared with wideband case in order to reduce UE complexity for channel estimation).
Proposal 10: If PRG is determined as wideband, support Option 1 (non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated) and the performance requirement should be same as non-wideband PRG case.
[bookmark: _Ref134804204]Table 1  FG2-11 in UE feature list (from TR38.822)
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331
	Parent IE in TS 38.331
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	2. MIMO
	2-11
	Downlink dynamic PRB bundling (downlink)
	Support dynamic PRB bundling indication via DCI
	2-1
	dynamicPRB-BundlingDL
	Phy-ParametersCommon
	No
	No
	Support of semi-static PRB bundling is mandatory
	Optional with capability signalling



CSI-RS
Frequency resource allocation for CSI-RS across DL subbands, the following options are captured in TR38.858 [2].
	TR38.858, 6.1.2 Impact and potential enhancements for transmissions and receptions
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.



From UE complexity perspective, option 1 would be more complex on how to link two CSI-RS resources. If two CSI-RS resources with different configurations other than frequency domain resource allocation are allowed to be linked, it is necessary to specify how to handle CSI-RS resources with different configurations, and such handling would increase UE complexity. If only frequency domain resource allocation is the difference between two CSI-RS resources, it just increases signaling overhead. Thus, our preference is option 2. Comparing option 2-1 and option 2-2, option 2-1 is more flexible than option 2-2, but option 2-2 can reduce signaling overhead. We are open to discuss option 2-1 and option 2-2.
Proposal 11: For the frequency resource allocation for CSI-RS across downlink subbands, support Option 2 (one CSI-RS resource).

Collision handling
Collision between UL and DL
In RAN1#116 and RAN1#116bis, the following agreement was reached on the collision handling between DL reception and UL transmission in a SBFD symbol. 
	Agreement (RAN1#116)
For SBFD-aware UEs, collisions between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol may be addressed or alleviated with proper scheduling. The following cases of potential collisions, [if link direction indication is not supported or provided], can be further studied to see if any change to the current specs is necessary:
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 6: Dynamic or semi-static DL vs. valid RO
Note: In addition to collision between UL transmission and DL reception in the same SBFD symbol(s), collision between UL transmission and DL reception in different symbol(s) due to lack of sufficient transition time between Tx/Rx at UE side is also included.

Agreement (RAN1#116bis)
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 (RAN1#116bis)
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 our understanding, the existing collision handling for Rel.17 half-duplex FDD is as follows. 
· Case 1 and case 2: Dynamically scheduled transmission/reception is prioritized.
· Case 3 and case 4: Not assumed (i.e., error case)
· Case 5: SSB is prioritized.
· Case 6: Up to UE implementation. 
For case 1 and case 2, the existing collision handling were basically agreed as described above. For case 3 and case 4, the collision can be avoided by proper configuration and scheduling. For case 5, since it was concluded that a UL subband can be configured in an SSB symbol in SI phase, further discussion would be needed because if UL transmission is not allowed in SBFD symbols with SSB, resources in UL subband are not used efficiently (regarding SSB, see the next section). For case 6, although the collision handling depends on UE implementation in half-duplex FDD, since there is no critical issue, the same rule can be applied. Therefore, from our perspective, reusing the existing handling rules can be reused at least except for case 5.
Proposal 12: Reuse the existing collision handling rules for half-duplex FDD except for case 5.

SBFD operation in SSB symbols
Regarding collision case 5 (SSB vs. dynamically scheduled or configured UL transmission), the following related conclusion was captured in TR38.858 [2]. 
	TS38.858, 6.1.1 SBFD Operations 
Whether SBFD operation in SSB symbols is supported or not is studied in RAN1. RAN1 studied whether UL subband can be configured in SSB symbol and agreed that an UL subband can be configured in an SSB symbol, where SSB is from serving cell perspective which can be CD-SSB or NCD-SSB. If SBFD-aware UEs are not allowed to transmit in the SSB symbol but is allowed to receive within the DL BWP in the SSB symbol, negative impact on SSB detection and measurement can be avoided but UL performance may be degraded due to fewer UL opportunities. If SBFD-aware UE is allowed to transmit in the SSB symbol, the UE may only transmit UL in an UL subband depending on gNB scheduling, configuration, UE measurement or priority rule. There may be negative impact on SSB detection and measurement if the SBFD-aware UE is requested to transmit in the SSB symbol.



If UL transmission in SSB symbol is allowed, how often UE should receive SSB needs to be clarified. Assuming that UE should receive once per the maximum SSB periodicity (i.e., 160 ms), the following options can be considered.
· Option 1: UE receives SSB at least once per the maximum SSB periodicity.
· Option 2: UE receives SSB periodically once per the maximum SSB periodicity.
For option 1, when to receive SSB is up to gNB's scheduling (i.e., UE does not know which SSB within the periodicity can be received). UE can receive SSB when gNB does not schedule UL transmission in SSB symbol. Figure 3 shows an example. gNB transmits SSB every 20 ms and SBFD aware UE receives SSB once per 160 ms. For option 1, UE receives SSB at different timings within 160 ms period (i.e., in the first 160 ms period, UE receives the second SSB. In the second 160 ms period, UE receives the third SSB). Since gNB can determine when UE receives SSB and transmits UL dynamically, scheduling flexibility can be improved.
For Option 2, when to receive SSB is configured with periodicity. UE receives SSB at configured timing within a period. gNB does not schedule UL transmission when UE receives SSB. In Figure 3, for option 2, UE always receives the first SSB in 160 ms period. Since the SSB reception timing does not change within a period, periodic time/frequency synchronization can be achieved.
Among two options, our preference is Option 2 because periodic time/frequency synchronization is very important for UE in spite of the scheduling limitation. Compared with the option not to support UL transmission in SSB symbol, option 2 is more flexible. 
Proposal 13: If UL transmission in SSB symbol is allowed, UE receives SSB periodically once per the maximum SSB periodicity.
[bookmark: _Ref142471654][image: ]
[bookmark: _Ref142554757]Figure 3  Example of SSB reception
Conclusion
In this contribution, we made the following proposals. 
Proposal 1: For semi-static indication of SBFD subband frequency location, support Option 1 (Frequency locations of UL subband and DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s)).
Proposal 2: Introduce a separate slot and symbol configuration for SBFD operation by using the signaling design of TDD-UL-DL-ConfigCommon in order to limit the number of switching times and to save the signaling overhead.
Proposal 3: For link direction for SBFD-aware UE in SBFD symbol, support Option 1 (UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any)).
Proposal 4: For PUSCH with dynamic grant, the same FDRA determination is used between SBFD symbol and non-SBFD symbol, and enhancement of rate matching/puncturing are not needed. 
Proposal 5: For a CG PUSCH configuration without repetitions, support option 4.
Proposal 6: 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, support option 3.
Proposal 7: For frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, support Option 1-1.
Proposal 8: For a SPS PDSCH configuration without repetitions, support option 4.
Proposal 9: 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, support option 3.
Proposal 10: If PRG is determined as wideband, support Option 1 (non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated) and the performance requirement should be same as non-wideband PRG case.
Proposal 11: For the frequency resource allocation for CSI-RS across downlink subbands, support Option 2 (one CSI-RS resource).
Proposal 12: Reuse the existing collision handling rules for half-duplex FDD except for case 5.
Proposal 13: If UL transmission in SSB symbol is allowed, UE receives SSB periodically once per the maximum SSB periodicity.
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