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SBFD operation
1.1. SBFD configuration granularity
The following conclusion has been achieved at RAN1#112bis-e meeting [1].
	Conclusion
The following RAN1 observation is made:
One motivation for allowing that a slot can consist of both SBFD and non-SBFD symbols is for compatibility with symbol-level TDD UL/DL configuration.
Frequent switching between SBFD and non-SBFD symbols may increase the implementation complexity and interruptions of transmissions/receptions during transition. 
· Further study whether limitation(s) on the maximum number of switching points between SBFD and non-SBFD symbols within a slot, a TDD UL/DL pattern period, and/or semi-static SBFD configuration period (if different from TDD UL/DL pattern period) are needed
· Further study scenarios a guard period between SBFD and non-SBFD symbols is required/not required and the length of the guard period if required
Note: Whether or not a physical channel/signal occasion is mapped to both SBFD and non-SBFD symbols within a slot is a separate discussion.




Table 11.1.1-1 of TS38.213 shows that some slot formats support two DL-to-UL switching points. For example, slot format 49 is DDDDFFUDDDDFFU. Given that we have no consensus on SBFD operation in uplink symbols so far, the OFDM symbol with index 6 and 13 (i.e. OFDM symbols with ‘U’) should be regarded as non-SBFD symbols. If operators want to use SBFD in the slot, two switching points from SBFD symbols to non-SBFD symbols are required in the slot. Therefore, we think that up to two switching points could be the baseline.
Proposal 1: up to two switching points from SBFD symbols to non-SBFD symbols in a slot is the baseline.
The guard period is necessary to ensure DL-to-UL switching at the UE. However, it does not mean the guard period is always necessary between SBFD symbols and non-SBFD symbols. Rather, the guard period should be provided UE-specifically considering that only a part of the UEs in the serving cell would be allocated uplink resources in the uplink subband. If a UE is not allocated uplink resources in the uplink subband right before the legacy UL, the guard period is not necessary for the UE.
Whether a single channel in a slot (or an actual repetition for Repetition type-B) can be mapped to both SBFD symbols and non-SBFD symbols or not is a separate discussion as noted in the agreement. 
1.2. Transmission/reception occasion mapping to SBFD symbols and non-SBFD symbols
The following agreement has been achieved at RAN1#112bis-e meeting [1].
	Agreement
Study whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, and whether a UE can transmit/receive in the occasion mapped to SBFD symbols and non-SBFD symbols including:
· Use-case(s) including the locations and number of switching points of the SBFD and non-SBFD symbols in the slot.
· Potential benefits if any
· Phase continuity
· Potential interruption of transmissions/receptions during transition
· Required guard time if any
· Potential impact on performance
· Impact on link adaptation, channel estimation, and other procedures
· UL transmission timing if any
· Implementation complexity
· Applicability for SBFD aware UE and non-SBFD aware UEs
· NOTE: There are more than one scenario where a transmission overlaps SBFD and non-SBFD symbols and some may or may not face the aspects listed above
· NOTE: This study doesn’t mean RAN1 agreement on a slot consisting of SBFD and non-SBFD symbols. 




The UE is not able to maintain phase continuity if filtering adaptation is required in a gap duration between SBFD symbols and non-SBFD symbols. Maintaining phase continuity in a transmission/reception occasion is a basic feature of NR Rel-15. Challenging the basic feature requires a huge burden for UE implementation. The basic feature has been maintained even in Rel-16 repetition type-B where phase continuity should be maintained in each actual repetition. 
One exception is frequency hopping. In frequency hopping, phase discontinuity is allowed in hopping boundaries. However, in the current specification, the transmission gap at the hopping boundaries is not supported. Therefore, even in frequency hopping, additional specification change to support the transmission gap is necessary.
Therefore, we don’t support mapping a transmission/reception occasion both in SBFD symbols and non-SBFD symbols in a slot. 
Proposal 2: Mapping a transmission/reception occasion both in SBFD symbols and non-SBFD symbols in a slot is not supported.
1.3. SBFD operation in semi-static SBFD
The following agreements have been achieved at the RAN1#111 meeting [2].
	Agreement
For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol

Agreement
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study the following options for SBFD aware UEs,
Option 1: 
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· FFS: Whether DL receptions outside DL subband(s) are allowed or not in the symbol
Option 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol for both options. For all RBs outside the UL subband, UE cannot use separate RBs for DL and UL simultaneously




Furthermore, we have discussed the pre-configuration of transmission directions where the pre-configuration indicates which direction the UE should be prepared in SBFD symbols. Figure 1 shows an example of SBFD operations with/without pre-configuration. Figure 1a shows an SBFD operation without the pre-configuration. In the SBFD operation without the pre-configuration, the UE is required to wait for the detection of a DCI format scheduling either DL or UL. In that sense, the SBFD region can be viewed as a flexible region. 
On the other hand, Figures 1b and 1c describes example SBFD operations with the pre-configuration. Figure 1b is an example of SBFD operation with the SBFD region only with DL subbands. Therefore, in Figure 1b, the pre-configuration indicates that the UE should assume DL for the SBFD region. On the other hand, in Figure 1c, the pre-configuration indicates that the UE should assume UL for the SBFD region. By using the pre-configuration in a UE-specific manner, the gNB can still exploit the benefits of the SBFD operation. Furthermore, the UE implementation complexity is lower than the SBFD operation without the pre-configuration. 
Proposal 3: For semi-static SBFD, further study, in terms of performance, implementation complexity, switching latency, the semi-static SBFD operation with/without pre-configuration of transmission directions.
Another discussion point is interaction of subbands with dedicated TDD configuration. In our understanding, definition of the legacy RRC parameters should not be changed. Therefore, ‘DL’ configured by the dedicated TDD configuration should be equivalent to ‘DL’ configured by cell-specific TDD configuration. This understanding can be rephrased by the following proposal:
Proposal 4: For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigDedicated, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol
 
	


	Figure 1a: Example of SBFD-operation without pre-configuration

	


	Figure 1b: Example of SBFD-operation with pre-configuration for a UE

	


	Figure 1c: Example of SBFD-operation without pre-configuration for another UE



1.4. Dynamic SBFD operation
The following proposal has been made in the Feature lead summary [3].
	Proposed agreement: 
Study the following options for dynamic SBFD.
· Option 1: Dynamic SBFD is achieved by flexible subband where RBs in flexible subband can be dynamically used for UL transmission and DL transmission. 
· FFS definition of flexible subband does not exist yet.
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine indicates whether allowing DL receptions outside semi-statically configured DL subband and/or allowing UL transmission outside semi-statically configured UL subband are allowed.
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.
Note: whether or not dynamic SBFD is beneficial from a performance perspective is a separate discussion





Those 3 options are similar in terms of dynamic scheduling. The difference between them can be seen with respect to the handling of semi-persistent/periodic DL/UL transmission.
In Option 1, semi-persistent/periodic DL/UL transmission is allowed in the flexible subband. However, the gNB should be able to control the UE behavior. For example, if the gNB wanted to schedule DL transmission in the flexible subband, the gNB should indicate in a non-scheduling DCI the UE to stop the semi-persistent/periodic UL transmission. This procedure is like DCI format 2_0 indicating dynamic DL. On the other hand, if the gNB wanted to schedule UL transmission in the flexible subband, the gNB should indicate in a non-scheduling DCI the UE to stop the semi-persistent/periodic DL reception. This procedure is like DCI format 2_0 indicating dynamic UL. Thus, in Option 1, an additional function of the dynamic subband adaptation indicator needs to be considered. The dynamic subband adaptation indicator indicates whether the flexible subband is adapted to the DL subband (to stop the semi-persistent/periodic UL), or UL (to stop the semi-persistent/periodic DL).
Proposal 5: If RAN1 studies flexible subbands, the additional function of dynamic control of semi-persistent/periodic DL/UL should also be studied.
In Option 2, the semi-persistent/periodic DL transmission is not allowed in the UL subband and the semi-persistent/periodic UL transmission is allowed in the UL subband. 
In Option 3, the semi-persistent/periodic DL reception is not allowed in the configured UL subband. The semi-persistent/periodic DL reception is only allowed when the UE detected a non-scheduling DCI which indicates that the configured UL subband is invalidated. On the other hand, the semi-persistent/periodic UL transmission is allowed in the configured UL subband by default. Furthermore, the UE stops the semi-persistent/periodic UL transmission when the UE detected the non-scheduling DCI indicating that the configured UL subband is invalidated.
Table 1 below summarizes the behavior of semi-persistent/periodic DL/UL transmission in the UL/flexible subband. In summary, those 3 options have different behavior with respect to semi-persistent/periodic DL/UL transmission. Therefore, we propose to study all the 3 options in the SI.
Proposal 6: Study the following options for dynamic SBFD.
· Option 1: Dynamic SBFD is achieved by flexible subband where RBs in flexible subband can be dynamically used for UL transmission and DL transmission. 
· FFS definition of flexible subband does not exist yet.
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine indicates whether allowing DL receptions outside semi-statically configured DL subband and/or allowing UL transmission outside semi-statically configured UL subband are allowed.
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.

Table 1: Summary of the behavior of semi-persistent/periodic DL/UL transmission
	
	Semi-persistent/periodic DL
	Semi-persistent/periodic UL

	Option 1
	Always allowed in the flexible subband. 
An additional indication mechanism is necessary to dynamically control the UE behavior.
	Always allowed in the flexible subband. 
An additional indication mechanism is necessary to dynamically control the UE behavior.

	Option 2
	Not allowed in the UL subband.
	Allowed in the UL subband.

	Option 3
	Not allowed in the UL subband by default. 
Allowed if the UE detected a non-scheduling DCI indicating the UL subband is invalidated.
	Allowed in the UL subband by default. 
Stopped if the UE detected a non-scheduling DCI indicating the UL subband is invalidated.



1.5. Interaction with SS/PBCH blocks
The following agreement has been made at RAN1#112bis-e meeting [1].
	Agreement
Study the following options for SBFD operation in SSB symbols.
· Option 1: UL subband cannot be configured in an SSB symbol
· FFS handling of misaligned periodicities between SSB and semi-static SBFD subband time location configuration
· Option 2: An UL subband can be configured in an SSB symbol
· FFS whether/when and/or under which conditions an SBFD-aware UE transmits in the UL subband or may receive SSB in the symbol.




Figure 2 shows an example of the SBFD subband configuration in Option 1. When the 4 SSBs are configured in 20 ms periodicity on the TDD UL/DL configuration with 5 ms periodicity, the SBFD subband configuration should also be 20 ms periodicity with symbol-level configurability. Even worse, SSB periodicity could be up to 160 ms. 


Figure 2: An example of the SBFD subband configuration in Option 1
On the other hand, in Option 2, 5 ms periodicity is enough for SBFD subband configuration. Therefore, we propose the following:
Proposal 7: UL subbands can be configured in SSB symbols.
One FFS on Option 2 is under which conditions an SBFD-aware UE transmits in the UL subband or receives SSBs in the SSB symbol. Basically, the gNB should assume that the UE receives all SSBs on all occasions in spite of the fact that the UE selectively receives SSBs based on their implementation. One reason is that the UE should have the freedom to monitor all the SSBs for beam management. Therefore, we suggest that all the SSB symbols indicated as transmitted should be regarded as non-available for UL.
Proposal 8: The UE should assume UL subbands are not aavailable in the SSB symbols.
1.6. SBFD subband configuration
The following agreement has been made at RAN1#110bis-e meeting [4].
	Agreement
For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period is the baseline.




As discussed in Section 1.5, we think the period of the SBFD subband time location should be the same as the periodicity of the semi-static TDD configuration. On the other hand, the TDD configuration provided by TDD-UL-DL-ConfigCommon is an optional field in SIB1 for TDD cells, which implies the network may or may not provide the TDD configuration. However, when TDD-UL-DL-ConfigCommon is not provided, all the symbols are flexible symbols. In our understanding, flexible symbols should be utilized for transparent SBFD operations, and therefore we don’t think optimization specific to non-transparent SBFD operations in flexible symbols is not of high priority. Therefore, at least explicit/implicit configuration of the length of the period for SBFD subband time location indication should be considered as a baseline.
Proposal 9: For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period configured by TDD-UL-DL-ConfigCommon is the baseline.
Potential enhancements to procedure for physical channels and signals
1.7. Downlink
PDCCH
The following agreement has been made at RAN1#112bis-e meeting [1].
	Agreement
For the case that: 
(a) The monitoring periodicity of a search space is such that different monitoring occasions in different slots occur in SBFD and non-SBFD symbols, respectively, and,
(b) The associated CORESET overlaps the boundary of a DL subband in SBFD symbols
Consider whether/how the above could be supported considering both existing tools in specifications on CORESET and search space configuration as well as at least the following options for potential enhancement for SBFD-aware UE:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
· Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Note: Whether these enhancements are applicable to only USS or also CSS




The simplest solution should be Option 3. It’s aligned with the existing UE behavior. For example, in the existing specification, the UE is not required to monitor a PDCCH candidate if at least one RE for the PDCCH candidate overlaps with at least one RE of a SSB indicated as transmitted. We discuss comparison analysis based on Option 3.
Compared to Option 3, Option 1 has benefit on additional PDCCH candidates by separation of CORESET and search space for non-SBFD symbols and SBFD symbols. However, it requires increase of CORESET and search space configuration. In the existing specification, both numbers are restricted. The max. number of configured CORESET per BWP is 3 and the max. number of configured search spaces is 20.
Compared to Option 3, Option 2 can use CORESET resources efficiently. However, the implementation complexity is high. We don’t support this option.
Compared to Option 3, the benefit of Option 4 is not clear. In Option 4, all the monitoring occasions in all the search spaces associated with a CORESET which overlaps with the DL subband boundaries should be dropped. It just leads to unnecessary dropping of monitoring occasions.
Compared to Option 3, Option 5 has benefit on additional PDCCH candidates by separation ofsearch space for non-SBFD symbols and SBFD symbols. However, it requires increase of search space configuration. In the existing specification, the max. number of configured search spaces is 20.
Therefore, we think Option 3 is enough for the above issue.
Proposal 10: UE does not monitor (or UE is not required to monitor) a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
PDSCH
The following agreements have been made at RAN1#112bis-e meeting [1].
	Agreement
If PRG is determined as wideband, study the following two options:
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· FFS: Precoding assumption within and across the two DL subbands
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
The study should include the impact on UE complexity

Agreement
For SBFD-aware UEs, Option 1 with update is agreed for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands for better resource utilization. 
For an RBG that overlaps the subband boundary,
· Option 1 (with update): 
· The Part of the DL RBG inside the DL subband can be used
· The Part of the UL RBG inside the UL subband can be used




For wideband PRG, Option 1 leads to additional UE complexity compared to wideband channel estimation since the UE needs to perform channel estimation twice regardless of the precoder assumption across the two DL subbands. On the other hand, the number of channel estimations for one PDSCH is larger in a case of PRG = 2 or 4. Therefore, the additional UE impact with Option 1 is not large. Furthermore, considering the benefit of supporting wideband precoder for a PDSCH across two DL subbands, Option 1 should be supported. 
Proposal 11: Non-contiguous frequency resources across two DL subbands where the frequency resources in each DL subband is contiguous should be supported with wideband precoding.
The above agreement on RBG is applicable to RA type-0. On the other hand, the agreement should be applicable to RA type-1 equally. Therefore, the agreement should be extended to support RA type-1.
Proposal 12: For RA type-1, the part of DL/UL frequency resource allocation in frequency-domain can be used in case of the frequency resource overlapping with SBFD subbands boundary.
CSI-RS
The following agreements have been made at RAN1#112bis-e meeting [1].
	Conclusion
For the options agreed to study in RAN1#112 for frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, the following observations are agreed.
· For all the options, there is no impact on CSI-RS sequence generation.
· Option 1 requires additional signalling to link two CSI-RS resources in two DL subbands. 
· Option 2-1 requires new RRC structure to configure non-contiguous RBs for one CSI-RS resource, which may require additional signalling overhead. 
· Option 2-2 can reuse the existing signalling design for CSI-RS resource configuration. Option 2-2 can be used to resolve the potential unaligned boundaries between CSI-RS resource configuration and SBFD subbands
· Further discussion is required on the UE complexity due to:
· UE capability of maximum number of configured CSI-RS resources
· Processing non-contiguous CSI-RS

Agreement
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and non-SBFD symbols:
· Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
· Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
· Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
· Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
· Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
· Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.
· FFS impact on UE CSI processing and reporting timeline
Note: Whether the CSI-RS resource can be used for SBFD and non-SBFD symbols may depend on, e.g., gNB implementation of same/different antenna configuration in both symbols. 
Option 1-1 can be supported according to existing specification by gNB configuration of appropriate periodicities to ensure that the CSI-RS associated with each CSI-ReportConfig is confined to either SBFD symbols or non-SBFD symbols only. But it may restrict the gNB configuration flexibility and enhancements can be considered by additional indication or rules to determine the CSI-RS is valid within one symbol type and is invalid in the other symbol type.
Option 2-2 can be supported according to existing specification to configure measurement restriction so that UE would not average CSI measurements across SBFD and non-SBFD symbols.




Option 1-1 can be supported without specification impact. Furthermore, compared to Option 2-2, it does not require measurement restriction setting. Therefore, Option 1-1 should be supported.
Option 1-1 requires increased number of configured CSI-RS resources. On the other hand, the UE impact is similar if other options are used. That is, regardless of the options, the UE is required to different CSI-RS in SBFD symbols and non-SBFD symbols. The only difference between them is the number of RRC configured CSI-RS resources. 
Proposal 13: 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.
1.8. Uplink
PUCCH
The following agreements have been made at RAN1#112bis-e meeting [1].
	Agreement
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, study at least the following frequency resource allocation options for PDSCH, CSI-RS, PUSCH, PUCCH, SRS for SBFD-aware UE:
· 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.




PUCCH repetition is mapped to available uplink slots continuously starting at the first slot indicated or configured by the gNB where the UE refers to TDD pattern to determine availability of uplink slots. 
Figure 3 to 5 show examples of 8 repetitions for PUCCH repetition. Figure 3 shows an example in which the repetitions are transmitted in both the SBFD region and the legacy UL region. Repetitions are mapped continuously in the SBFD region and the legacy UL region, and they are not mapped in the legacy DL region. In this example, Rep#4 and Rep#5 leads to uplink resource fragmentation which has been discussed and addressed in Rel-17 RedCap. To reduce fragmentation, different frequency resource allocation for each region like Figure 5 may be considered further. In Figure 4, different starting RBs and different hopping offsets (i.e., Offset#0 and Offset#1) are provided for each region such that the repetitions are placed on the edge of each available uplink resource. Figure 5 is another example to reduce fragmentation in the legacy region, where the repetitions are mapped only in the SBFD region. In this example, we can keep the simplicity of transmission/reception procedure for repetition due to the aligned frequency resource.
There could be at least three alternatives for enhancements to PUCCH repetition as follows:
1. PUCCH repetitions are mapped to SBFD symbols and uplink symbols where a frequency resource allocation is applied to both symbol types
2. PUCCH repetitions are mapped to SBFD symbols and uplink symbols where different frequency resource allocations are applied to each symbol type
3. PUCCH repetitions are mapped only to SBFD symbols
Alt.1 has the best potential coverage enhancement and latency reduction considering availability of joint channel estimation. Therefore, we slightly prefer Alt.1. On the other hand, uplink resource fragmentation is severe since the repetition in the uplink symbols are at the middle of the carrier. Alt.2 solves the uplink resource fragmentation issue. However, it cannot maximize joint channel estimation opportunity due to different frequency resource in each symbol type. Alt.3 also solves the uplink resource fragmentation issue. However, latency would increase.
Proposal 14: The following 3 alternatives could be further studied for enhancement to PUCCH repetition:
1. PUCCH repetitions are mapped to SBFD symbols and uplink symbols where a common frequency resource allocation is applied to both symbol types
2. PUCCH repetitions are mapped to SBFD symbols and uplink symbols where different frequency resource allocations are applied to each symbol type
3. PUCCH repetitions are mapped only to SBFD symbols


Figure 3: Repetitions transmitted in both the SBFD region and the legacy UL region


Figure 4: Repetitions transmitted in both the SBFD region and the legacy UL region with different frequency resource for the SBFD region and the legacy UL region


Figure 5: Repetitions transmitted only in SBFD region
Configured PUCCH (e.g., SR PUCCH, PUCCH for SPS HARQ-ACK) has the same issues on fragmentation. Like PUCCH repetition case, there could be at least three alternatives for enhancements to configured PUCCH as follows:
1. A common frequency resource allocation is applied to each symbol type
2. Different frequency resource allocations are applied to each symbol type
3. Configured PUCCH transmission is restricted to only one symbol type
Proposal 15: The following 3 alternatives could be further studied for enhancement to configured PUCCH:
1. A common frequency resource allocation is applied to each symbol type
2. Different frequency resource allocations are applied to each symbol type
3. Configured PUCCH transmission is restricted to only one symbol type
PUSCH
Single slot PUSCH (including msg3 PUSCH) scheduled by a DCI format has flexibility in time and/or frequency domain enough to avoid overlapping with DL subbands. Therefore, we propose:
Proposal 16: Enhancement to single slot PUSCH scheduled by a DCI format is not prioritized in SBFD.
PUSCH repetitions has similar issues with PUCCH repetition. Therefore, we propose:
Proposal 17: The following 3 alternatives could be further studied for enhancement to PUSCH repetition:
1. PUSCH repetitions are mapped to SBFD symbols and uplink symbols where a common frequency resource allocation is applied to both symbol types
2. PUSCH repetitions are mapped to SBFD symbols and uplink symbols where different frequency resource allocations are applied to each symbol type
3. PUSCH repetitions are mapped only to SBFD symbols
Configured PUSCH (e.g., for type-1/2 configured scheduling) has similar issues with configured PUCCH. Therefore, we propose:
Proposal 18: The following 3 alternatives could be further studied for enhancement to configured PUSCH:
1. A common frequency resource allocation is applied to each symbol type
2. Different frequency resource allocations are applied to each symbol type
3. Configured PUSCH transmission is restricted to only one symbol type
Conclusion
In this contribution, we have the following proposals:
Proposal 1: up to two switching points from SBFD symbols to non-SBFD symbols in a slot is the baseline.
Proposal 2: Mapping a transmission/reception occasion both in SBFD symbols and non-SBFD symbols in a slot is not supported.
Proposal 3: For semi-static SBFD, further study, in terms of performance, implementation complexity, switching latency, the semi-static SBFD operation with/without pre-configuration of transmission directions.
Proposal 4: For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigDedicated, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol

Proposal 5: If RAN1 studies flexible subbands, the additional function of dynamic control of semi-persistent/periodic DL/UL should also be studied.
Proposal 6: Study the following options for dynamic SBFD.
· Option 1: Dynamic SBFD is achieved by flexible subband where RBs in flexible subband can be dynamically used for UL transmission and DL transmission. 
· FFS definition of flexible subband does not exist yet.
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine indicates whether allowing DL receptions outside semi-statically configured DL subband and/or allowing UL transmission outside semi-statically configured UL subband are allowed.
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.

Proposal 7: UL subbands can be configured in SSB symbols.
Proposal 8: The UE should assume UL subbands are not available in the SSB symbols.
Proposal 9: For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period configured by TDD-UL-DL-ConfigCommon is the baseline.
Proposal 10: UE does not monitor (or UE is not required to monitor) a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
Proposal 11: Non-contiguous frequency resources across two DL subbands where the frequency resources in each DL subband is contiguous should be supported with wideband precoding.
Proposal 12: For RA type-1, the part of DL/UL frequency resource allocation in frequency-domain can be used in case of the frequency resource overlapping with SBFD subbands boundary.
Proposal 13: 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.
Proposal 14: The following 3 alternatives could be further studied for enhancement to PUCCH repetition:
1. PUCCH repetitions are mapped to SBFD symbols and uplink symbols where a common frequency resource allocation is applied to both symbol types
2. PUCCH repetitions are mapped to SBFD symbols and uplink symbols where different frequency resource allocations are applied to each symbol type
3. PUCCH repetitions are mapped only to SBFD symbols
Proposal 15: The following 3 alternatives could be further studied for enhancement to configured PUCCH:
1. A common frequency resource allocation is applied to each symbol type
2. Different frequency resource allocations are applied to each symbol type
3. Configured PUCCH transmission is restricted to only one symbol type
Proposal 16: Enhancement to single slot PUSCH scheduled by a DCI format is not prioritized in SBFD.
Proposal 17: The following 3 alternatives could be further studied for enhancement to PUSCH repetition:
1. PUSCH repetitions are mapped to SBFD symbols and uplink symbols where a common frequency resource allocation is applied to both symbol types
2. PUSCH repetitions are mapped to SBFD symbols and uplink symbols where different frequency resource allocations are applied to each symbol type
3. PUSCH repetitions are mapped only to SBFD symbols
Proposal 18: The following 3 alternatives could be further studied for enhancement to configured PUSCH:
1. A common frequency resource allocation is applied to each symbol type
2. Different frequency resource allocations are applied to each symbol type
3. Configured PUSCH transmission is restricted to only one symbol type
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