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Introduction
In RAN1#112bis e-meeting, subband non-overlapping full duplex was discussed and the following agreements were achieved: [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.

Agreement
At least for semi-static SBFD, the following two options are viable solutions for frequency location configuration of DL subband(s) and guardband(s) if any.
· Option 1: Frequency locations of 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: The number of RBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).

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 UE-to-UE CLI-RSSI measurement/report across downlink subbands, study the following methods:
· Method#1: separate CLI-RSSI measurement resources/reports in each DL subband
· Note: supported in existing specifications
· Method#2: CLI-RSSI measure/report in one DL subband only
· Note: supported in existing specifications
· Method#3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
· FFS: report single or separate CLI-RSSI report(s) 
· FFS: details on determination of non-contiguous CLI-RSSI resource allocation 

Agreement
Endorse the text proposal in R1-2303639 for the TR with the following update.
	6.1.1.3  SBFD operation in symbols configured as flexible in TDD-UL-DL-ConfigCommon
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the following optionsalternatives are studied for SBFD aware UEs,
OptionAlt 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
OptionAlt 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



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

Agreement
For semi-static SBFD, a SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband(s) that the UE is aware of.
· FFS: Measurement in guardband for the purpose of CLI measurement

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

Conclusion
For the two options agreed in RAN1#112 for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), the following observations are agreed.
· Option 1 can be achieved by gNB configuration or scheduling to ensure that all transmission/reception occasions are confined to either SBFD symbols or non-SBFD symbols. Alternatively, Option 1 can be achieved by additional indication or rules to determine the transmission/reception occasions are valid within one symbol type and are invalid within the other symbol type.
· The frequency resources, power control and beam/spatial relation for all the transmission/reception occasions can be the same for Option 1 but may be different for Option 2. If different, it may require additional specification efforts.
· Option 1 may or may not increase the transmission/reception latency if the transmission/reception in the other symbol type is postponed and may degrade the performance if the transmission/reception in the other symbol type is dropped. Option 2 may or may not reduce the transmission/reception latency and improve coverage.

Agreement
For inter-UE inter-subband CLI measurement, study Method#2 and Method#3 considering:
· Necessity/benefit compared with measurement within DL subband
· Whether/how to estimate CLI from RSRP/RSSI measurements within UL subband / guardband
· Whether UE is required to measure RSRP/RSSI within UL subband and receive DL in DL subband(s) simultaneously
· Whether existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband
· If not, identify the potential impact

Conclusion
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 side impairments and no filtering of DL subband(s) in the gNB Rx chain.
· FFS the case with gNB transmit chain impairments and/or filtering of DL subband(s) in the gNB Rx chain
· FFS whether/how to mitigate the interference increase, including impact to legacy UEs

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.

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. 

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.

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.

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



During RAN1#112bis e-meeting, we heatedly discussed behaviour for SBFD aware UE on both semi-static DL symbol and semi-static flexible symbol. Besides, RAN1 also reached the consensus that we need to further study the case where UL transmission and DL transmission across different resource type, i.e. across SBFD symbol and non-SBFD symbol, across UL RB and DL RB on the same SBFD symbol. 
In this contribution, we provide our analyses and views on the subband non-overlapping full duplex.
Discussion
Time domain resource allocation for UL subband
In previous meeting, it was agreed that explicit configuration of SBFD subband time locations within a period is the baseline. [2] Accordingly, we need to clarify how to determine the period. A straightforward direction is to configure SBFD subband time location within a period equal to one or multiple slot configuration periods determined by TDD UL DL configuration. Basically, there are different cases of TDD frame structure determination, which are summarized as below:
· Case#1: TDD frame structure with single periodicity is configured by tdd-UL-DL-ConfigurationCommon only
· Case#2: TDD frame structure with two periodicities is configured by tdd-UL-DL-ConfigurationCommon only
· Case#3: TDD frame structure is configured by tdd-UL-DL-ConfigurationCommon, and  tdd-UL-DL-ConfigurationDedicated additionally
· Case#3-1: single periodicity
· Case#3-2: dual periodicity
· Case#4: Network doesn’t provide any TDD UL-DL configuration, i.e. all the symbols are regarded as semi-static flexible symbol

For case#1, gNB provides UE a slot configuration within a periodicity, i.e. P milliseconds, via SIB1.  Generally speaking, the first N consecutive slot within period P are DL slots and the last M consecutive slots within period P are UL slots. Additionally, several DL symbols can be configured immediately after N DL slots and several UL symbols can be configured before the M UL slots. The left symbols are semi-static flexible symbols. In this case, the period of configuring SBFD subband time location can be equal to TDD periodicity. For example, a SLIV-like mechanism can be used to indicate time location of SBFD subband, i.e. indicate the starting position and the length. 


[bookmark: _Ref126917682]Figure 1 Example of SBFD subband time location based on single TDD periodicity

For case#2, gNB configures dual TDD periodicity which are denoted as P and P2. For each periodicity, the configuration is same as the single periodicity illustrated in case#1. It should be noted that there is no restriction on the length of each periodicity. Any {P, P2} combination satisfies the condition that P+P2 divides 20 msec is supported. In the other words, the TDD frame structure corresponding to each period can be totally different from each other. Consequently, it is quite difficult to use single SLIV indication to indicate the time location of SBFD subband. For example, assuming the reference SCS=15 kHz with P=3 msec and P2=2 msec. The specific TDD frame structure is shown in Figure 2.  Obviously, the situation is much more complicated compared with case#1.  Here we still take SLIV-like mechanism as example. It is not clear whether a time domain indication is applied to two periodicity or it is applied to each periodicity respectively. If we follow the former understanding, a single SLIV is not sufficient to indicate time location of a UL subband in two TDD periodicities as the DL regions across two periodicity are discrete. On the other hand, the latter understanding bring restriction on the time domain location, as gNB has to guarantee the indicated time domain location does not exceed each TDD periodicity.


[bookmark: _Ref126917711]Figure 2 Example of SBFD subband time location based on dual TDD periodicity

For case#3, a slot level TDD structure can be indicated by tdd-UL-DL-ConfigurationDedicated on top of tdd-UL-DL-ConfigurationCommon. The UE-dedicated signalling is used to configure the slot structure of each semi-static flexible slot. One example is shown in Figure 3, where two switching points are configured. Similar issues as case#2, a SLIV-like method is incapable to indicate the discrete time domain resources for subband.


[bookmark: _Ref126917725]Figure 3 Example of SBFD subband time location based on common TDD+UE-dedicated TDD

Case#4 is a special case wherein all the slots are semi-static flexible. There is no reference TDD periodicity. Therefore, gNB needs to configure a period within which SBFD subband is configured if SLIV-like method or bitmap-like method is employed to indicate time domain allocation of UL subband.

As analysed above, existing TDD periodicity provided by tdd-UL-DL-ConfigurationCommon cannot be directly reused as the period for configuring SBFD subband time domain location.

[bookmark: OLE_LINK14]Observation 1: There are several mechanisms to realize TDD UL-DL configuration which leads to different TDD periodicity:
· Single TDD periodicity provided by tdd-UL-DL-ConfigurationCommon
· Dual TDD periodicity provided by tdd-UL-DL-ConfigurationCommon
· Additional TDD UL-DL configuration provided by tdd-UL-DL-ConfigurationDedicated on top of common configuration
· No TDD periodicity is provided by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated


Based on the aforementioned observation, there can be single TDD periodicity, double TDD periodicity or none TDD periodicity. A unified solution to indicate the SBFD subband time domain location should be pursued in order to simplify specification and gNB operation. Otherwise, gNB has to use different mechanisms to configure SBFD subband time domain location for different TDD UL-DL configurations.

Observation 2: A unified solution to indicate the SBFD subband time domain location should be employed in order to simplify specification and gNB operation.

Regarding to how to indicate SBFD subband time domain location within a time period, there are several candidate solutions:
· Option 1: gNB jointly indicates the starting position and duration of SBFD subband time domain location, i.e. SLIV-like mechanism.
· Option 2: gNB indicates SBFD subband time domain location via a bitmap, e.g. 1 denotes SBFD subband occupies the related time unit while 0 denotes no SBFD subband exists on the related time unit.
· Option 3: gNB indicates SBFD subband time domain location via a subband-specific TDD UL-DL configuration.

First of all, it can be also observed that discrete DL region in time domain is a typical case, i.e. TDD frame structure with two periodicity or UE-dedicated configuration. SLIV-like mechanism is not sufficient for indicating SBFD time location for discrete DL region.  

Observation 3: SLIV-like method is not sufficient for indicating SBFD time location for discrete DL region hence a unified indication is impossible across different TDD configuration scenarios.


Bitmap based method is sufficient to indicate SBFD subband time domain location, despite of consecutive time domain resources or discrete time domain resources. Accordingly, we need to further discuss the time unit for indication. For example, 1 bit contained by the bitmap can be used to indicate the occurrence of SBFD subband on a slot, several OFDM symbols or an OFDM symbol. From our perspective, a time unit as small as single OFDM symbol is not necessary which will bring huge signalling overhead. Slot level granularity is sufficient which provides good trade-off between overhead and flexibility. As aforementioned, TDD frame structure is divergent and there may be single, double or none TDD periodicity is configured. Hence, time period during which the bitmap is applicable needs to be discussed. One straightforward way is to use individual bitmap to indicate the SBFD subband time domain location for each TDD periodicity. Single bitmap is configured if there is only one TDD periodicity. If two TDD patterns are configured, two bitmaps are needed in order to indicate the SBFD subband time domain location for each TDD periodicity. There is a possible case that neither common TDD configuration nor UE-dedicated TDD configuration is configured. Theoretically, every OFDM symbol is regarded as semi-static flexible. There is no TDD periodicity which can be directly used as time period for configuring SBFD subband time domain location. In order to resolve the ambiguity on time period, a default time period can be adopted once no TDD configuration is provided by network, e.g. 20 ms. 

Observation 4: Bitmap based method can be used to indicate SBFD time location within a time period.
· The time period is equal to TDD periodicity provided by tdd-UL-DL-ConfigurationCommon
· FFS: the time unit of bitmap
· FFS: how to determine time period if gNB doesn’t provide any TDD configuration

Basically, the bitmap-based indication provides the time domain location of SBFD subband. One example is shown in Figure 4 as below. In theory, guard period is needed between DL transmission and UL transmission in order to avoid inter-slot interference. Otherwise, UE-to-UE CLI will jeopardize the DL transmission for both SBFD aware UE and none SBFD aware UE which receives DL transmission on the previous DL slot. The Rx-to-Tx switching at UE side and Rx-to-Tx switching at gNB side are also need be protected by guard period. Therefore, it needs attention on how to define or indicate guard period between DL symbol and the first OFDM symbol occupied by UL subband. 


[bookmark: _Ref126917834]Figure 5 Example of SBFD subband time location based on bitmap indication

Observation 5: If bitmap-based mechanism is used to indicate SBFD subband time domain location, how to define guard period between DL symbol and first symbol occupied by UL subband needs further study.


Option 3 provide a TDD UL-DL configuration for SBFD subband so as to indicate the time domain location. Current TDD UL-DL configuration can be fully reused for subband TDD structure configuration, i.e. common TDD configuration or UE dedicated TDD configuration. Take UE-dedicated TDD configuration as example, assuming TDD UL-DL configuration of the carrier is DDDDDDFFUU, gNB configures a subband-specific TDD UL-DL configuration for UL subband as DFUUUUUFU. Accordingly, the SBFD subband time domain allocation is shown in Figure 5. In this example, TDD periodicity is equal to the one provided by tdd-UL-DL-ConfigurationCommon for carrier. Exactly same signalling structure as tdd-UL-DL-ConfigurationCommon is reused to indicate the subband-specific TDD structure. As gNB has full power to determine the TDD structure for each slot, the guard period between DL symbol and first OFDM symbol occupied by SBFD subband can be easily configured. Furthermore, it is also friendly to the scenario with UE-dedicated TDD frame structure for a carrier. 


[bookmark: _Ref126917957]Figure 6 Example of SBFD subband time location based on SBFD-specific TDD UL-DL configuration

Observation 6: A subband-specific TDD UL-DL configuration can be used to indicate SBFD subband time domain location.

Based on the previous analyses, we think either bitmap-based solution or TDD UL-DL configuration based solution can be employed to indicate SBFD subband time domain location. Hence, we have the following proposal:

Proposal 1: For semi-static configuration of subband time locations for SBFD operation, the following mechanisms can be considered:
· [bookmark: OLE_LINK5]gNB indicates SBFD subband time domain location via a bitmap
· gNB indicates SBFD subband time domain location via a subband-specific TDD UL-DL configuration

Basically, each bit in the bitmap indicates whether UL subband exists in the related time unit. For example, 1 means UL subband is present in the time unit and absent otherwise. If slot is adopted as the time unit, there is a case that semi-static UL symbols is contained in the slot. In this case, it should be clarified whether UL subband is present on UL symbols. Considering it was agreed that UL transmission is only allowed within UL subband, it will reduce the UL capacity if UL subband can be configured on the UL symbol. From this perspective, we don’t think UL subband can be configured on UL symbol.

Proposal 2: UL subband cannot be configured on UL symbols, including semi-static UL symbol and dynamic UL symbol indicated via SFI.
· If gNB indicates UL subband is present on UL symbols, UE ignores the UL subband configuration on UL symbols and transmits uplink on UL symbol as normal.

In generic, gNB can indicate SBFD subband time location via either cell-specific signalling or UE-dedicated signalling. For cell-specific signalling, all SBFD capable UEs belonging to the same cell has unified subband in time domain. It is friendly to configuration from network perspective as gNB only needs to deliver same indication to all the UEs. However, it loses flexibility to some extent. Given different UE may be interested in different traffic, SBFD UE may have different requirement on subband. UE-dedicated signalling is expected to carter to UE-specific requirement. Furthermore, UE behaviour on SBFD symbol is still under discussion, i.e. whether it is allowed to receive DL within UL subband. If the answer is yes, there is no difference on flexibility perspective between cell-specific manner and UE-dedicated manner. 

On the other hand, even SBFD subband is configured via cell-specific signalling, UE can still receive DL transmission within the DL subband on SBFD slots for sure. In this sense, the bonus from UE-dedicated subband configuration might be trivial compared with the penalty of more complicated configuration coming along with. 

Proposal 3: Cell-specific signalling is sufficient to configure SBFD subband time location.


No matter which mechanism is used to indicate SBFD subband time domain location, SBFD subband can be configured on semi-static flexible symbol. It is well known that gNB can adjust the transmission direction of semi-static flexible symbol according to traffic load at least. Assuming the TDD UL-DL configuration for carrier is DFFFU configured via tdd-UL-DL-ConfigurationCommon, gNB configures SBFD subband time location via a cell-specific signalling, either via a bitmap or subband-specific TDD UL-DL configuration. Here we assume the UL subband occupies slot#1, slot#2 and slot#3 in time domain, which is shown in Figure 7. As slot#1, slot#2 and slot#3 are semi-static flexible slots configured via cell-specific signalling, gNB can further indicate the slot direction via UE-dedicated signalling or SFI. To be specific, the flexible symbols can be either indicated as DL symbol or UL symbol. It can be summarized as below:
· If semi-flexible symbol is indicated as DL symbol on which UL subband is configured, what is the expected behaviour for SBFD aware UE?
· If semi-flexible symbol is indicated as UL symbol on which UL subband is configured, what is the expected behaviour for SBFD aware UE?
· If semi-flexible symbol is indicated as SFI flexible symbol on which UL subband is configured, what is the expected behaviour for SBFD aware UE?


[bookmark: _Ref126918064]Figure 7 Example of SBFD subband locates on semi-static flexible slots

Proposal 4: If UL subband is configured on semi-static flexible symbol and gNB further adjust direction for the symbols, clarify behaviour of SBFD aware UE at least for the following cases:
· Semi-flexible symbol is indicated as DL symbol on which UL subband is configured
· Semi-flexible symbol is indicated as UL symbol on which UL subband is configured
· Semi-flexible symbol is indicated as SFI flexible symbol on which UL subband is configured

In RAN1#112 meeting, whether or not a slot containing both SBFD slot and non-SBFD slot is allowed was discussed. The following agreement was agreed for further study:
	Agreement
Study whether or not a slot can consist of both SBFD and non-SBFD symbols including
· Benefits
· Use cases
· Scheduling flexibility
· Implementation complexity 
· Compatibility with legacy TDD DL/UL configuration



In RAN1#112bis e-meeting, RAN1 further discussed this issue and the following conclusion is achieved:
	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.
[bookmark: OLE_LINK1]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.



First of all, it should be clear that non-SBFD symbol means an OFDM symbol without UL subband configuration, i.e. UL symbol, DL symbol and flexible symbol.  Hence we need to take a look on the slot format, i.e. whether it is a typical case that a slot consists of different symbol types. Based on the previous discussion, TDD UL-DL configuration can be provided by several methods, including cell-specific signalling and UE-dedicated signalling. No matter which mechanism is adopted in the end, flexible symbol is needed once DL-to-UL switching point occurs in a slot. Particularly, UE-dedicated TDD configuration can provide slot-based TDD structure for each slot, in order to satisfy diverse UE requirement and realize self-contained feedback. To be specific, it is typical that a slot contains DL symbol, flexible symbol and UL symbol. As UL subband can be only configured on DL symbol or flexible symbol, once gNB needs to configure UL subband on such slots, it is natural that it contains SBFD symbol and non-SBFD symbol. On the other hand, if only SBFD symbol is allowed for a SBFD slot which is self-contained, it means UL subband can be configured on UL symbols. Considering UL transmission is only allowed within UL subband, UL resource utilization is jeopardized significantly.  


Figure 4  Example of slot constituting SBFD symbol and non-SBFD symbol

Observation 7: It is a typical case for a self-contained slot that it consists of both SBFD and non-SBFD symbols.

As shown above, allowing SBFD and non-SBFD mixed slot is friendly to increase flexibility in terms of scheduling and configuration. Regarding implementation complexity, we don’t see additional difficulties from both gNB side and UE side. From our understanding, same configuration and scheduling mechanisms as those of full-SBFD slot can be reused. Although a slot containing both SBFD symbol and non-SBFD symbol is typical, it doesn’t means a UL transmission or DL reception across SBFD symbol and non-SBFD symbol within a slot is supported.

Proposal 5: A slot can consist of both SBFD symbols and non-SBFD symbols.

The major concern is that frequent switching between SBFD and non-SBFD symbols may increase the implementation complexity and interruptions of transmissions/receptions during transition. It is true that UE may need to adjust its RF parameters, power parameters and spatial parameters for the transmission on SBFD symbol and non-SBFD symbols. In order to provide sufficient period for accommodating operation on different symbol type, one or several symbols in-between may be needed. However, switching between SBFD symbols and non-SBFD symbols is a generic issue which needs to be studied for SBFD operation. In the other words, it is not specific for a slot consisting of both SBFD symbols and non-SBFD symbols. Actually we should consider the switching point not only for SBFD symbol and non-SBFD symbol, but also for SBFD symbol and SBFD symbol with different transmission direction.

Observation 8: The maximum number of switching points between SBFD symbol and non-SBFD symbol is a generic issue for SBFD operation.

For a slot consisting of both SBFD symbols and non-SBFD symbols, it can directly reuse the mechanisms as self-contained slot structure, i.e. only one switching point is allowed within the slot. The flexible symbols between DL symbols and UL symbols can be reused as the switching period for UE transition operation between SBFD symbols and non-SBFD symbols. Regarding which scenarios a guard period between SBFD and non-SBFD symbols is required/not required and how to determine the length of guard period, we think it not relevant to SBFD subband time domain configuration and only needs to be discussed once a DL reception or UL transmission occasion can be mapped across SBFD symbols and non-SBFD symbols.


Proposal 6: Only one switching point is allowed within a slot consisting of both SBFD symbols and non-SBFD symbols.
· Flexible symbols between DL symbol and UL symbol can be used as guard period for switching between SBFD symbol and non-SBFD symbol.

Frequency domain resource allocation for UL subband

In RAN1#110bis e-meeting, the following agreement was achieved.
	Agreement
For semi-static configuration of subband frequency locations for SBFD operation, at least explicit indication of frequency location of UL subband is required.
· FFS: Whether frequency location of other subbands types is explicitly indicated or implicitly determined.



Furthermore, it was agreed that frequency location of UL/DL subband is with reference to CRB grid in RAN1#111 meeting, which is shown as below. In this section, we further discuss the remaining issues on determining the frequency location of UL/DL subband.
	Agreement
For the purpose of RAN1 study, the understanding is that for semi-static configuration of subband frequency locations for SBFD operation, frequency location of UL/DL subband is with reference to CRB grid.



There are three types of frequency resource in SBFD symbol, i.e. UL subband, DL subband and guard band. gNB at most needs to indicate or determine two out of these three subbands. The frequency location of the third subband can be automatically determined on SBFD symbols. For example, DL subbands within an active DL BWP can be derived from the information of UL subband and guard band. Then we can focus on one issue: whether explicit configuration/indication is needed for determining guard band. If the answer is yes, gNB needs to explicitly indicate either DL subbands or guard band.  In RAN1#112bis e-meeting, the following two options were regarded as viable solutions for frequency location configuration of DL subband(s) and guardband(s) if any:
· Option 1: Frequency locations of 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: The number of RBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
Either option 1 or option 2 is workable. Considering guard band cannot be used for transmission or reception, it is more straightforward to configure DL subband and UL subband. Hence we slightly prefer option 1.

Proposal 7: Frequency locations of 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).


Currently, the frequency resources of UL BWP and DL BWP is indicated via SLIV, i.e. the starting RB index and BWP size provided by locationAndBandwidth. In the other words, gNB indicates the starting RB index and the number of RBs of a BWP within a carrier. The reference point is CRB#0 wherein the offset between the reference point and starting RB of BWP is indicated via offsetToCarrier. Considering the frequency location of SBFD subband is contained within a carrier, it is straightforward to reuse the same mechanism indicating frequency resource of a BWP. 

On the other hand, it may be unnecessary to configure a UL subband with different sizes from that of active UL BWP. Especially considering we are still discussing the UE behaviour within UL subband, i.e. whether it is allowed to receive DL transmission within UL subband, flexibility of DL transmission can be guaranteed even a UL subband as large as active UL BWP is configured in DL slot. Hence, the frequency location of UL subband can be exactly same as one of UL BWP. It can significantly reduce RRC signalling complexity on frequency location configuration, i.e. gNB doesn’t need to additionally indicate the frequency location of a UL subband. However, gNB has to guarantee all of SBFD aware UE has same UL BWP in order to achieve a common UL subband configuration with same frequency location. Considering UE supports up to 4 UL BWPs within a carrier, the UL BWP with the smallest index can be used to determine the frequency location of UL subband if gNB doesn’t provide frequency location configuration for UL subband. Furthermore, if a cell-specific UL subband configuration carried by SIB1 is adopted, the frequency location of initial UL BWP can be used for UL subband determination in frequency domain by default.

Proposal 8: For configuring frequency location of UL subband, the following mechanism can be considered:
· Reuse the same mechanism of configuring BWP to configure the frequency locations of subband for SBFD operation, i.e. the starting position and length are indicated.
· If gNB doesn’t provide any configuration for UL subband frequency location, a default BWP is used to determine the frequency location of the UL subband.  



Similar to time domain location indication, there are two directions for semi-static configuration of subband frequency locations for SBFD operation, i.e. via cell-specific signalling or via UE-dedicated signalling. If UL subband is configured via UE-dedicated RRC signalling, unaligned UL subband is inevitable across different gNB and across different UE. It is against the agreement that we should consider same subband frequency resources across different SBFD symbols as baseline. [2] On the other hand, unaligned UL subband brings intra-subband UE-to-UE CLI and gNB-to-gNB CLI, which bring additional difficulties for gNB coordination and certainly degrades system performance. 

Proposal 9: Cell-specific RRC signalling is used to configure SBFD subband frequency location as baseline.

UE behaviour on SBFD symbols
In RAN1#111 meeting, UE behaviour on SBFD symbols was heatedly discussed. Regarding UE behaviour on semi-static DL symbols, i.e. UL subband is configured on semi-static DL symbol, the only open issue is whether to allow DL reception within UL subband for SBFD aware UE. While situation is much more controversial for UE behaviour on semi-static flexible symbol, there are two directions in summary: 
· Option 1: Same behaviour as DL symbol, i.e. UL transmission is confined in UL subband while whether DL reception is allowed in UL subband depends on further discussion.
· Option 2: Basic idea is to allow UL transmission outside UL subband so that the flexibility of semi-static flexible symbol is sustained.

Option 1 guarantees the same UE behaviour for SBFD aware UE across different OFDM symbol type. To be specific, UE behaviour in SBFD symbol configured with DL symbol and in SBFD symbol configured with semi-static flexible symbol is exactly same. It significantly cuts down workload from standardization perspective. More importantly, option 1 is helpful to reduce complexity for SBFD aware UE as it doesn’t need to implement different solutions on different SFBD symbol. Correspondingly, it can also alleviate burden at gNB side as it is much easier to schedule UE with simple UE behaviour. Option 1 would expedite the commercialization thanks to its simplicity and coherency compared to option 2.

On the other hand, option 2 defines different UE behaviour compared with that on DL symbols. It brings additional complexity at both UE side and gNB side. Major motivation of introducing option 2 is flexible symbol can be scheduled or configured any transmission up to gNB in nature.  However, it is quite questionable that option 2 can bring any flexibility in reality. Compared with option 2, if flexibility does matter and gNB wants to sustain flexibility, gNB can avoid configuring UL subband on flexible symbols at the very beginning. From this perspective, it is meaningless to define new behaviour on flexible symbol to accommodate flexibility, while full flexibility is already achieved by flexible symbol in fact.

[bookmark: OLE_LINK2][bookmark: OLE_LINK15]Proposal 10: For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the UE behaviours should be same as that in semi-static DL symbols.

In RAN1#112 meeting, we further discuss the UE behaviour related to dynamic SBFD particularly for the remaining issues, i.e. whether DL reception outside semi-statically configured DL subband is allowed or not. The following agreement was achieved:
	Agreement
For dynamic SBFD,
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed
Dynamic SBFD should be compared with dynamic TDD and/or semi-static SBFD in terms of performance, implementation complexity, switching latency.
For each option, additional conditions may apply to determine whether the option is applicable.



Supporters of option1 for semi-static DL symbol and semi-static flexible symbol think UL subband is configured for UL transmission intentionally and DL reception should not be allowed within a UL subband. However, UL subband is configured in DL symbol or flexible symbol on which any RB can be used for DL transmission in nature. If DL reception is not allowed within UL subband, it means the DL performance of Rel-18 SBFD aware UE is much worse than that of a Rel-15/16/17 UE. It doesn’t make sense that an advanced UE experiences much worse performance. 

One concern for allowing DL reception within UL subband is that it additionally introduces Intra-subband gNB-to-gNB interference among gNBs. Actually we encounter the same issue for dynamic TDD and the mechanisms managing intra-subband CLI can be reused. Regarding to collision between DL reception and UL transmission within UL subband, it can be properly handled by gNB. 
[bookmark: OLE_LINK7]
Observation 9: DL reception should be allowed within UL subband in SBFD symbol.


Based on the aforementioned analyses, we have the following proposal:

Proposal 11: DL reception outside semi-statically configured DL subband is supported for dynamic SBFD.
· For SBFD operation on semi-static DL symbol configured via TDD-UL-DL-ConfigCommon, option 2 is adopted, i.e. DL receptions outside semi-statically configured DL subband(s) are allowed.
· For SBFD operation on semi-static flexible symbol configured via TDD-UL-DL-ConfigCommon, option 2 is adopted, i.e. DL receptions outside semi-statically configured DL subband(s) are allowed while UL transmissions outside semi-statically configured UL subband are not allowed.

Regarding DL receptions outside semi-statically configured DL subband(s), there are different interpretations.  One interpretation is that gNB can freely schedule DL transmission outside DL subband and UE receives DL channel/signal depending on DL assignment or configuration. In the other words, DL receptions in guard band and UL subband is allowed via current DL assignment carried by DCI. The other interpretation is that DL receptions outside DL subband is only possible when UL subband is disabled. The enabler/disabler can be carried by UE-dedicated signalling or group-common signalling, via either explicit scheme or implicit scheme. If UL subband is not disabled, at least DL receptions within UL subband is not allowed. Considering these two interpretations lead to totally different direction on future design, we would like to firstly clarify which interpretation is the common understanding.

Proposal 12: If DL receptions are allowed outside DL subband, clarify whether UL subband needs to be disabled or not.

In RAN1#112bis e-meeting, we discussed how to realize dynamic SFBD for several rounds and the following inter-mediate proposal was proposed by FL:
	Proposal 1-8f
Proposed Agreement:
Study at least the following options for dynamic SBFD.
· Option 1: Dynamic SBFD is achieved by scheduling DCI which is used to indicate whether the RBs in flexible subband where RBs in flexible subband can be dynamically are used for UL transmission and or DL transmission. 
· FFS definition of flexible subband, e.g. flexible subband is defined as 1 RB or a set of consecutive flexible RBs, which can be used for UL transmission, DL transmission, and guard band 
· FFS benefit of introducing flexible subband in addition to UL/DL subbands
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine whether DL receptions outside semi-statically configured DL subband and/or 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



For option 1, it needs much more standard efforts compared with the other options, e.g. the definition of flexible subband, the configuration of flexible subband, the UE behaviour on flexible subband, the applicable scenarios of flexible bands, etc. The nature of flexible subband is exactly same as flexible symbols, i.e. a RB within flexible subband can be indicated for either transmission or reception. Although flexible subband can provide finer granularity in frequency domain, i.e. indicates several RBs as flexible instead of the entire symbol, the functionality of flexible subband can be achieved by flexible symbol. We don’t see the motivation to introduce flexible subband on top of flexible symbol.
From our understanding, option 2 is not crystal clear as option 3. Based on the current wording, there are two interpretations:1) Similar as option 3, an indicator of symbol type, i.e. SBFD symbol or non-SBFD symbol, is carried by scheduling DCI. 2) Scheduling DCI can freely allocate frequency resources for DL reception anywhere in frequency domain. We don’t think interpretation 2) is workable as we already agreed that only the RBs within DL subbands can be used for DL reception if a RBG overlaps with DL subband boundary.

Accordingly, we propose the following proposal:

Proposal 13: Study at least the following options for dynamic SBFD.
· Option 1: Dynamic SBFD is achieved by scheduling DCI which indicates whether a symbol is SBFD symbol or not.
· Option 2: 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.

Transmission or reception across normal symbol and SBFD symbol
In RAN1#111 meeting, we discussed the potential issues on transmission/reception across non-SBFD symbol and SBFD symbol. The key point is that the available frequency resources in different slot type, i.e. non-SBFD symbol and SBFD symbol, are different. As a starting point, the following agreement was achieved:

	Agreement
[bookmark: OLE_LINK13]Study impact and potential enhancements for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, including at least the following:
· PDCCH, scheduled/configured PUCCH/PUSCH/PDSCH, without repetition in SBFD symbols and non-SBFD symbols
· Scheduled/configured SRS/CSI-RS in SBFD symbols and non-SBFD symbols
· Scheduled/configured TBoMS across SBFD symbols and non-SBFD symbols with or without repetition
· Multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols
· Scheduled/configured PDSCH/PUSCH/PUCCH with repetitions across SBFD symbols and non-SBFD symbols
Note: Inter-slot/intra-slot/inter-repetition/inter-group frequency hopping with DMRS bundling of PUSCH/PUCCH, if applicable, is considered.
Examples of potential enhancements include:
· Resource allocation in frequency domain including frequency hopping
· Resource allocation in time domain
· Power domain
· Spatial domain
FFS: If the PUCCH/PUSCH/PDSCH/PDCCH can be mapped to SBFD and non-SBFD in the same slot if configured.



In RAN1#112 meeting, we clarified that each transmission/reception within a slot has either all SBFD or all non-SBFD symbols.  Basically, two directions were identified, i.e. whether transmissions/receptions is allowed to be across different types of symbols, which are addressed by the following proposal.
	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)
· Study the following options for SBFD-aware UEs:
· [bookmark: OLE_LINK16]Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
· PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH



Firstly, it should be noticed that whether we need to introduce new mechanism to handle the case wherein DL receptions are across SBFD symbols and non-SBFD symbols highly depends on UE behaviour. For example, if DL reception is allowed within UL subband, there would be no issue for DL reception, even it is across SBFD symbols and non-SBFD symbols. 

Observation 10: For SBFD aware UE, whether enhancement is needed for DL receptions across SBFD symbols and non-SBFD symbols depends UE behaviour discussion.
In the following part, we assume that DL reception is not allowed within UL subband for generic discussion. 
Regarding the option 1 and option 2, we understand they are kind of high level guidance. For example, option 1 may be unnecessary if resource allocation doesn’t exceeds UL/DL subband in SBFD slot. On the other hand, always assuming the transmissions/receptions are in SBFD symbols and non-SBFD symbols may be too aggressive if there is no restriction on the frequency resource allocation. Besides, the issues caused by UL subband is quite different for different channels or signals. For example, discontinuous frequency resource is the major challenge for DL transmission while different available frequency range is the essential issue for uplink.  To be specific, the key issue for uplink transmission is the different number of available resources across SBFD slot and non-SBFD slot. Furthermore, option 1 is a sub-case of option 2 from our understanding. Hence, option 2 provides more flexibility and possibility to better handle SBFD operation across SBFD symbols and non-SBFD symbols.

Proposal 14: Option 2 should be adopted for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots.
· It is possible that the transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only.

For PUSCH, RBs belonging to active UL BWP are available in UL symbol while only RBs belonging to UL subband are available in SBFD symbol. Different from DL resources, UL resources either on UL symbol or SBFD symbol are continuous. The issue comes from the number of available UL RBs on different OFDM symbol is different. Consequently, single FDRA indication may not be suitable once PUSCH is allocated with UL symbol and SBFD symbol. If frequency hopping is enabled, the issue is even more severe as PUSCH hop may exceed UL subband due to the more restricted available UL resources. 


Figure 12 examples for PUSCH transmission across SBFD symbol and non-SBFD symbol

PUSCH can be scheduled by UL grant, or be activated by an activation DCI, or be configured via CG configuration. No matter how a PUSCH is indicated, we believe current specification is sufficient to avoid the case where a PUSCH is across SBFD symbol and non-SBFD symbol if repetition is not enabled.

Observation 11: For PUSCH without repetition, current specification is sufficient to avoid the case where a PUSCH is across SBFD symbol and non-SBFD symbol.


Regarding to PUSCH repetition without frequency hopping, same resource allocation in frequency domain for different repetitions can be achieved up to implementation. At least the following several options can be considered:
· PUSCH repetition is scheduled on UL slot only, if its frequency allocation exceeds UL subband. One possible mechanism is gNB should guarantee the first PUSCH transmission locates on UL slot or flexible slot once PUSCH repetition is configured or indicated. For the left repetitions, they are transmitted on UL slot or flexible slots. In the other words, SBFD slot is regarded as unavailable slots.
· PUSCH repetition is scheduled on SBFD slot only if its frequency allocation exceeds UL BWP. One example is the first PUSCH transmission locates on SBFD slot while UL subband is partial overlapped with UL BWP. However, it can be treated as error case considering we already agreed that UE can only transmit uplink within active UL BWP.
· PUSCH repetition is scheduled on UL slot and SBFD slot, with confining frequency resources in UL subband
· PUSCH repetition is scheduled on UL slot and SBFD slot, the frequency allocation on UL slot and SBFD slot can be different

For the last mechanism, enhanced FDRA for PUSCH is required. However, the motivation and benefits are unclear.

Regarding to PUSCH repetition with frequency hopping, it is too restrictive if gNB has to always guarantee two PUSCH hops are located within UL subband. Currently, a frequency hopping offset list is configured for determining each PUSCH hop. In order to avoid PUSCH hop is out of UL subband, conservative scheduling decision is the only choice at gNB side. It obviously degrades potential performance gain harvested from frequency hopping. Similar to PUSCH repetition without frequency hopping, the following several options can be considered:
· PUSCH repetition is scheduled on UL slot only if one of the hops exceeds UL subband. One possible mechanism is gNB should guarantee the first PUSCH transmission locates on UL slot or flexible slot once PUSCH repetition and frequency hopping are configured or indicated. For the left repetitions, they are transmitted on UL slot or flexible slots. In the other words, SBFD slot is regarded as unavailable slots. 
· PUSCH repetition is scheduled on SBFD slot only if one of the hops exceeds UL BWP. One example is the first PUSCH transmission locates on SBFD slot while UL subband is partially overlapped with UL BWP. However, it can be treated as error case considering we already agreed that UE can only transmit uplink within active UL BWP.
· PUSCH repetition is scheduled on UL slot and SBFD slot, and gNB guarantees PUSCH hop on SBFD slot doesn’t exceed UL subband with the same frequency hopping offset list.
· PUSCH repetition is scheduled on UL slot and SBFD slot, separate frequency offset lists are applied to UL slot and SBFD slot respectively. 

For the last mechanism, additional consideration on how to use single FH offset indication to indicate proper FH offset for UL slot and SBFD slot respectively is needed. 


Proposal 15: For PUSCH repetition without frequency hopping, the following mechanisms can be considered for PUSCH across SBFD slot and non-SBFD slot:
· PUSCH repetition is mapped on non-SBFD slot only if PUSCH resource exceeds UL subband
· PUSCH repetition is scheduled on non-SBFD slot and SBFD slot with confining frequency resources in UL subband
· PUSCH repetition is scheduled on non-SBFD slot and SBFD slot, the frequency allocation on UL slot and SBFD slot can be different

Proposal 16: For PUSCH repetition with frequency hopping, the following mechanisms can be considered for PUSCH across SBFD slot and non-SBFD slot:
· PUSCH repetition is mapped on non-SBFD slot only if one of the hops exceeds UL subband
· PUSCH repetition is scheduled on non-SBFD slot and SBFD slot, same frequency hopping offset list is applied
· PUSCH repetition is scheduled on non-SBFD slot and SBFD slot, separate frequency offsets list are applied to UL slot and SBFD slot respectively

PUCCH can be transmitted with periodic manner or aperiodic manner. The time and frequency resource for PUCCH transmission is indicated by PUCCH resource indicator and/or PUCCH-config. Furthermore, PUCCH repetition is supported, which is indicated either via DCI or RRC signalling.

For a DCI indicated PUCCH transmission without repetition, gNB can indicate a PUCCH resource anywhere within UL subband based on pre-configured PUCCH resource list. Considering the available bandwidth for uplink transmission is quite different on UL slot and SBFD slot, gNB has to configure at least one PUCCH resource which fits into UL subband. As there are at least 8 PUCCH resources can be configured for a PUCCH resource set, it should be sufficient to reuse current mechanism to indicate the PUCCH resource on UL slot or on SBFD slot.

For a periodic PUCCH transmission, its time/frequency resource is totally configured by RRC signalling. The minimum periodicity is 4 slots and the offset within periodicity can also be configured. Theoretically, periodic PUCCH transmission can be always allocated on UL slot or SBFD slot. Even if different repetitions are located on both SBFD slot and UL slot, there is no issue if a proper configuration is provided, e.g. the assigned PUCCH resource is within UL subband in frequency domain. From this perspective, the current mechanism to configure periodic PUCCH transmission can be reused when UL subband is configured on some OFDM symbols.

Observation 12: For PUCCH without repetition, current specification is sufficient to avoid PUCCH transmission across SBFD symbols and non-SBFD symbols.

For PUCCH transmission with repetition, it is quite similar to PUSCH. Accordingly, we have the following proposal:
[bookmark: OLE_LINK9]
Proposal 17: For PUCCH repetition without frequency hopping, the following mechanisms can be considered for PUCCH across SBFD slot and non-SBFD slot:
· PUCCH repetition is mapped on non-SBFD slot only if PUCCH resource exceeds UL subband
· PUCCH repetition is indicated on non-SBFD slot and SBFD slot with confining frequency resources in UL subband
· PUCCH repetition is indicated on non-SBFD slot and SBFD slot, the frequency allocation on UL slot and SBFD slot can be different

For the last mechanism, i.e. different PUCCH resources for UL slot and SBFD slot, we need to further study the mechanisms of how to indicate two different PUCCH resources. For example, whether to reuse current BWP-specific PUCCH resource set, and whether to introduce a joint indication for PUCCH resource determination, etc.

For PUCCH with repetition and inter-slot frequency hopping, we have the following proposal:

Proposal 18: For PUCCH repetition with frequency hopping, the following mechanisms can be considered for PUCCH across SBFD slot and non-SBFD slot
· PUCCH repetition is mapped on non-SBFD slot only if one of the hops exceeds UL subband
· PUCCH repetition is indicated on non-SBFD slot and SBFD slot, same frequency hopping offset list is applied
· PUCCH repetition is indicated on non-SBFD slot and SBFD slot, separate frequency offsets list are applied to UL slot and SBFD slot respectively

If TBoMS is enabled for PUSCH transmission, it will be transmitted on N available slots as defined in TS38.214. However, different from PUSCH repetition, a single TB is transmitted across N slots. The TBS is determined not only by the time/frequency within a slot but also the number of N slots. The procedure of determining NRE for a PUSCH with TBoMS is excerpted as below. [4].  Obviously, the allocated RB across different slot should be same. For TBoMS PUSCH across SBFD slot and non-SBFD slot, gNB should guarantee the same time/frequency resource allocation is applied.
	TS38.214, section 6.1.4.2

-	A UE determines the total number of REs allocated for PUSCH  as follows

-	For TB processing over multiple slots,  where  is the total number of allocated PRBs for the UE and N is the number of slots used for TBS determination indicated by numberOfSlotsTBoMS.
-	Otherwise, . 



Proposal 19: For PUSCH with TBoMS, the following mechanisms can be considered for PUSCH across SBFD slot and non-SBFD slot:
· PUSCH repetition is mapped on UL slot only if resource allocation of PUSCH exceeds UL subband
· PUSCH repetition is indicated on non-SBFD slot and SBFD slot with confining frequency resources in UL subband

For multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols, same frequency resources are indicated for different PUSCH transmission on different slots. Although the TBs carried by different PUSCH are different, the resource allocation is quite similar to the case of PUSCH/PDSCH repetition. Accordingly, the same mechanisms as PUSCH without inter-slot frequency hopping can be considered. For multi-PDSCH scheduled by a single DCI, it is similar to multi-PUSCH excepting DL subband cannot exceed DL BWP. On the other hand, we have the following proposal for multi-PUSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols.


Proposal 20: For multi-PUSCH scheduled by a single DCI, the following mechanisms can be considered for PUSCH across SBFD slot and non-SBFD slot:
· All PUSCHs are mapped on non-SBFD slot only if resource allocation of PUSCH exceeds UL subband
· Multi-PUSCH is scheduled on non-SBFD slot and SBFD slot with confining frequency resources in UL subband
· Multi-PUSCH is scheduled on non-SBFD slot and SBFD slot, the frequency allocation on UL slot and SBFD slot can be different

Proposal 21: For multi-PDSCH scheduled by a single DCI, the following mechanisms can be considered for PDSCH across SBFD slot and non-SBFD slot:
· All PDSCHs are mapped on non-SBFD slot only if resource allocation of PDSCH exceeds DL subband
· Multi-PDSCH is scheduled on non-SBFD slot and SBFD slot with confining frequency resources in DL subband
· Multi-PDSCH is scheduled on non-SBFD slot and SBFD slot, the frequency allocation on DL slot and SBFD slot can be different

PDCCH search space is configured in a semi-static manner and transmitted periodically. It is possible that search space occurs on SBFD symbols or non-SBFD symbols on different monitoring occasion. As the frequency resource of CORESET is configured via a bitmap with 6 RB granularity, gNB can avoid collision between UL subband and CORESET in frequency domain with proper configuration. 
[bookmark: OLE_LINK10]
Proposal 22: PDCCH monitoring occasions across SBFD slot and non-SBFD slot are allowed 
· For PDCCH, it is up to gNB to avoid collision between UL subband and CORESET in frequency domain.

For SPS PDSCH and Type-1/Type-2 CG PUSCH, they are transmitted in a periodic manner. The periodicity and starting position in time domain is determined by gNB configuration and DCI if applicable, i.e. SPS PDSCH and Type-2 CG PUSCH. Hence, gNB has full power to guarantee a particular SPS PDSCH configuration or CG PUSCH configuration is located on either SBFD slot or non-SBFD slot. One concern is that if SPS PDSCH and CG PUSCH is restricted on SBFD slot only or non-SBFD slot only, it may degrade the flexibility and performance. However, considering up to 8 SPS configuration and 12 CG configuration are supported, gNB can configure multiple SPS or CG in order to cover SBFD slot and non-SBFD slot. From this perspective, we don’t see motivation to further enhance SPS PDSCH and CG PUSCH across SBFD slot and non-SBFD slots.

Proposal 23:  Current mechanism is sufficient for SPS PDSCH and CG PUSCH across SBFD slot and non-SBFD slot if repetition is not configured.
· For a SPS configuration or CG configuration, it is only located on SBFD slots or non-SBFD slots.

For dynamically scheduled downlink channel without repetition, the starting symbol and duration is fully controlled by gNB via TDRA indication and/or higher layer configured periodicity. Even UL subband is configured on partial DL symbols within a DL slot, gNB can avoid different frequency resource allocation on different symbols types via proper scheduling strategy. An example is shown in Figure 10 and Figure 11, assuming UL subband occupies symbol#3 – symbol#13 on DL slot#0 and slot#1 respectively. Three strategies can be used, which totally follows current specification:
· PDSCH is scheduled on non-SBFD symbols only
· PDSCH is scheduled on SBFD symbols only
· PDSCH is scheduled across SBFD symbols and non-SBFD symbols



[bookmark: _Ref134195508]Figure 10 Examples for PDSCH w/o repetition in SBFD slot containing SBFD symbol and non-SBFD symbol


[bookmark: _Ref134195517]Figure 11 Example for PDSCH w/ repetition across SBFD symbols and non-SBFD symbols

Besides, PDSCH RA type0 and RMR can be employed to address discontinuous frequency resource issue on SBFD symbols. 

Observation 13: For DG PDSCH without repetition, current specification is sufficient for DL receptions across SBFD symbols and non-SBFD symbols.

For PDSCH with repetition, the situation is quite similar as that of PUSCH with repetitions when they are transmitted on both SBFD slots and non-SBFD slots. Resource allocation on DL slot may be not suitable for SBFD slot considering UL subband is configured. Hence, similar solutions as PUSCH with repetition can be considered. It should be noted that DL subband cannot exceed DL BWP as it is determined within DL BWP. We don’t need to consider the case wherein PDSCH repetition is transmitted on SBFD slot only.

Proposal 24: For PDSCH repetition, the following mechanisms can be considered for PDSCH across SBFD slot and non-SBFD slot:
· PDSCH repetition is mapped on non-SBFD slot only if PDSCH resource exceeds DL subband
· PDSCH repetition is scheduled on non-SBFD slot and SBFD slot with confining frequency resources in DL subband
· PDSCH repetition is scheduled on non-SBFD slot and SBFD slot, the frequency allocation on DL slot and SBFD slot can be different

CSI reporting configuration

In RAN1#112bis e-meeting, we discussed how a SBFD-aware UE reports CSI if the relevant CSI-RS resources locates on both SBFD slot and non-SBFD slot. The following agreement was made:
	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.



CSI reporting is carried by PUSCH or PUCCH, i.e. aperiodic CSI report is carried by PUSCH which is scheduled by DCI and periodic CSI report is carried by PUCCH which is configured by PUCCH. The resources carrying CSI reporting should be discussed under the umbrella of PUCCH and PUSCH. 

As discussed in AI 9.3.1, there are several manners of implementation on antenna architecture for SBFD slot and non-SBFD slot, carter to the requirement on duplex technology. In RAN1#110 meeting, three options were raised:
· SBFD antenna configuration option-1 (same as Opt 1 in RAN1#109 agreement): The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
· SBFD antenna configuration option-2 (same as Opt 2 in RAN1#109 agreement): The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
· SBFD antenna configuration option-3 (new): The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is half of the total number of TxRUs of the antenna array for legacy TDD.
It is obviously the channel state measured on different slots assuming different antenna architecture is quite different. From this perspective, CSI reporting associated with same CSI-RS resource which locates on both SBFD slot and non-SBFD slot may be not capable to reflect the realistic channel condition. On the other hand, antenna architecture is totally up to gNB implementation. To be specific, gNB A may employ option 1 resulting in different capabilities on different slots. In this case, separate CSI reporting for SBFD symbols and non-SBFD symbols should be supported. On the other hand, gNB B may employ option 2 wherein the available TxRU and antenna element for SBFD slot and non-SBFD slot are same. In this case, same CSI reporting for SBFD symbols and non-SBFD symbols is sufficient and can reduce the consumption on CSI reporting configuration. Although the CSI RS located on non-SBFD slot suffers inter-subband UE-UE CLI, we believe it may be trivial in some cases and can be handled properly by gNB.

 From our understanding, option 1-1 and option 2-2 are sufficient for accurate channel estimation/measurement. On the other hand, option 1-2 and option 2-1 require more specification change while the benefit is unclear. Furthermore, considering both option 1-1 and option 2-2 are already supported by existing specification, there is no reason to preclude one of them.

Proposal 25: For SBFD-aware UEs, both option 1-1 and option 2-2 are supported 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.


Regarding whether it is possible to map PUSCH on SBFD symbol and non-SBFD within a slot, it is possible for special slot consists of flexible symbol and UL symbol. However, there is no motivation as in this case several flexible symbols can be used for uplink transmission based on scheduling. Actually there are many issues are identified during last meeting, at least includes the following aspects:
· 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

There is trivial or even no benefits to support transmission/reception occasion of a physical channel/signal across SBFD and non-SBFD symbols within a slot. Meanwhile, the workload coming along is uncontrollable. Hence we don’t support such kind of transmission/reception.

Proposal 26: For SBFD-aware UE, transmission/reception occasion of a physical channel/signal cannot be mapped to SBFD and non-SBFD symbols within a slot.


Overlapping between DL reception/UL transmission and UL/DL subband
Active DL BWP consists of contiguous RBs in frequency domain. However, there will be two segmentations of DL resources in frequency domain if a UL subband is configured in between. Several issues were identified and further study is required, including:
· RBG for PDSCH RA type 0(already agreed)
· RBG for PUSCH RA type 0(already agreed)
· PDSCH RA type 1
· CSI reporting configuration
· CSI-RS resource configuration
· PRG of PDSCH
· CORESET
First of all, whether frequency enhancement for DL transmission/reception is needed highly depends on UE behaviour discussion. Although it is still open on whether DL transmission is needed within UL subband, we assume RB belongs to UL subband is unavailable for DL in the following discussion.



Resource allocation type 1

For resource allocation type 1, the resource block assignment information indicates to a scheduled UE a set of contiguously allocated non-interleaved or interleaved virtual resource blocks within the active bandwidth part of size   PRBs except for the case when DCI format 1_0 or DCI format 0_0 is decoded in any common search space. As physical RB bundle is determined within BWP and is numbered in ascending order and virtual RB bundle has one-to-one mapping to physical RB bundle, it is impossible to constraint the resource allocation within DL subband if interleaving mapping is enabled. Actually even for non-interleaved mapping, we also need to consider the partial RB bundle overlaps with unavailable resources or the frequency resource fragment if DUD-like subband configuration is applied.  

Proposal 27: Further study whether and how to enhance resource allocation type 1.

CSI-RS resource configuration
A CSI-RS resource has to contain multiple of 4 RBs. The smallest configurable number is the minimum of 24 and the width of the associated BWP. Hence, we need to consider the impacts on CSI-RS resource configuration if it is associated with a SBFD symbol. For UL subband with {DU} or {UD} pattern, we believe there is no issue as the frequency resources of DL subband is consecutive and the boundaries of DL subband and CSI-RS subband can be aligned with each other. For {DUD} SBFD subband pattern, following options have been raised so far：
· Option 1: Two CSI-RS resources are configured for each DL subband respectively
· Option 2: Non-contiguous CSI-RS resource across two DL subbands via explicit or implicit mechanism is allowed
· Option 3: CSI-RS resource is allowed to overlap with UL subband and guardband(s), the corresponding CSI reporting is not required
In RAN1#112 meeting, RAN1 further discussed the mechanisms on CSI-RS resource determination across different DL subbands. The aforementioned option3 is excluded based on the following agreement.
	Agreement:
Study the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs considering the following options:
· Option 1: Two contiguous CSI-RS resources that are linked
· Option 2: One CSI-RS resource
· Option 2-1: Non-contiguous CSI-RS resource allocation
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s)



In RAN1#112bis e-meeting, the following conclusion was agreed:
	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



Considering multiple CSI-RS resource can be connected to the same CSI reporting, option 1 is actually already supported by the current specification. Subband or wideband CSI reporting can be used depending on the report quantity and indicated granularity if applicable. However, Option 1 consumes the limited number of CSI-RS resources, which may have negative impacts on the CSI-RS measurement and reporting on legacy slot. Furthermore, we need to further study how to address the issue that CSI-RS resource may partially overlap with UL subband. Option 2 makes it possible for CSI measurement on SBFD slot. It can also resolve the problem that partial RBs cannot be used at DL subband boundary. Hence we slightly prefer option 2.

Furthermore, we achieve the following agreements in RAN1#112bis e-meeting:
	Agreement
· For semi-static SBFD, for a CSI-RS resource which overlaps with SBFD subband boundaries, only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE.
· For semi-static SBFD, for a CSI reporting subband which overlaps with SBFD subband boundaries, CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s).



The first bullet implies that a CSI-RS resource can be across DL subband boundary. If it happens, only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE. From this perspective, option 2-2 is already supported from the above agreement.

Proposal 28: For CSI-RS resource configuration on SBFD slot, non-contiguous CSI-RS resource configuration via implicit mechanism is supported on SBFD slot, i.e. option 2-2.

On the other hand, lots of report quantity require wideband CSI reporting, for example, reportQuantity is set to 'cri-RI-i1', or 'cri-RSRP' or 'ssb-Index-RSRP' or 'cri-SINR', or 'ssb-Index-SINR'. The impacts on CSI reporting accuracy because of discrete CSI-RS resources across two DL subbands should also be studied.


PRG of PDSCH
There are three sizes of PRG, i.e. {2,4, wideband}, which can be semi-statically configured or dynamically indicated. It is possible that the PRG located at DL subband boundary is partially overlaps with UL subband or guard band if exists. Therefore, we need to consider how to define PRG at DL subband boundary.  The issues on PRG partially overlapping with UL subband and/or guard band is similar as that of RBG.  Hence, the similar mechanism can be employed to address the issues for partial PRG. Regarding the case wherein BundlingType is configured as ‘wideband’, the current specification can be fully reused, i.e. the UE is not expected to be scheduled with non-contiguous PRBs and the UE may assume that the same precoding is applied to the allocated resource associated with a same TCI state or a same QCL assumption.

	Agreement
For SBFD-aware UEs, study at least the following issues for PDSCH:
· PRG(s) with size of 2 and 4 that overlaps with subband boundary 
· Wideband precoder in case of non-contiguous DL subbands



Proposal 29: For SBFD-aware UEs, if PRG(s) with size of 2 and 4 that overlaps with subband boundary, the following mechanisms should be considered:
· Part of the PBG inside the DL subband and guard band can be used
· PBG is determined in the same way as that in active DL BWP

CORESET on SBFD symbols

In RAN1#112bis e-meeting, it was agreed that we should further consider the following two directions on how to handle the case that CORESET overlaps the boundary of a DL subband in SBFD symbols:
· Direction#1: Fully reuse existing tools in specifications on CORESET and search space configuration.
· Direction#2: Introduce potential enhancement for SBFD-aware UE.

The frequency resources occupied by CORESET are indicated via a 45-bit bitmap and the granularity is 6 continuous RBs. gNB has full power to avoid overlapping between CORESET and UL subband.
There are at least three essential differences between RBG and CORESET at UL subband boundary:
· The grid of CORESET is defined within carrier so it is much easier to avoid misalignment between CORESET boundary and UL subband boundary at the very beginning. 
· The granularity of CORESET is 6 PRBs while the maximum granularity of RBG is 16 PRBs, hence the degradation of PDCCH capacity due to UL subband is not so significant.
· UE doesn’t expect PDCCH candidate overlaps with any unavailable REs.

Based on the above analyses, we don’t think there is any issue for CORESET configuration on SBFD symbols. 
Furthermore, there are two mechanisms of PDCCH candidate to REG bundle mapping, i.e. localized mapping and distributed mapping. Both of them are conducted within the RBs occupied by CORESET, i.e. assuming the total RBs are multiple of 6 PRBs. It should be emphasized that the sub-blocker of interleaving has the following restriction:
	The UE is not expected to handle configurations resulting in the quantity  not being an integer.



If partial CORESET granularity is introduced, we have to redesign the whole procedure of interleaving, which is not expected. 

Based on the aforementioned analyses, we have the following proposal:
Proposal 30: SBFD aware UE fully reuse existing tools in specifications on CORESET and search space configuration to handle the case that CORESET overlaps the boundary of a DL subband in SBFD symbols, e.g.
· SBFD aware UE doesn’t expect CORESET overlaps with any RE outside DL subband.
· SBFD aware UE drops the PDCCH candidate overlapping with any RE outside DL subband.


Conflict of transmission direction on SFBD symbols
SBFD aware UE is only capable of half duplex, i.e. it supports either uplink transmission or downlink reception at one time. Accordingly, gNB can schedule/configure a SBFD aware UE to transmit uplink in UL subband or receive DL in DL subband. Considering UE can only transmit uplink or receive downlink at one time, we should consider how to handle conflicts between UL and DL. There are several potential conflicting cases on SBFD slot for a SBFD aware UE, which are listed as below:
· Type 1: Dynamic DL on SBFD symbol conflicts with Dynamic UL on the UL subband.
· Type 2: Semi-static DL on SBFD symbol conflicts with Dynamic UL on the UL subband.
· The semi-static DL includes periodic reference signal, semi-persistent reference signal, SPS PDSCH without DL assignment, etc.
· Type 3: Broadcast DL on SBFD symbol conflicts with UL on the UL subband.
· The broadcast DL includes Type0/0A/1/2-PDCCH CSS and SSB
· Type 4: Dynamic DL on SBFD symbol conflicts with semi-static UL on the UL subband, including CG PUSCH, periodic uplink reference signal and periodic PUCCH.
· Type 5: Semi-static DL on SBFD symbol conflicts with semi-static UL on the UL subband.
Theoretically, gNB has full power to avoid collision between dynamic DL and dynamic UL on the same symbol. Therefore, it may be a reasonable hypothesis that UE doesn’t expect gNB dynamically schedules uplink and downlink at the same time. On the other hand, dynamic downlink channel and dynamic uplink channel may have different priorities, i.e. one is associated with eMBB while the other is associated with URLLC. gNB may firstly schedule a PUSCH or PDSCH carrying eMBB traffic and later schedule a PDSCH or PUSCH carrying URLLC on the same symbol. In this sense, it make sense to consider collision between dynamic downlink and dynamic uplink with different priority respectively. 
Observation 14: The conflicted dynamic downlink and dynamic uplink on the same SBFD symbol may have different priorities.

For type 2 collision, gNB may transmit semi-static downlink channel or reference signal on the DL subband(s) whilst schedule the same SBFD aware UE to transmit uplink channel or reference signal on the UL subband. One straightforward mechanism is to assume dynamic scheduling has higher priority, which is the generic principle since Rel-15. However, the aforementioned dynamic channel and the semi-static channel may have different priorities in nature. For example, gNB schedules a PUSCH with R=4 while the SPS periodicity equates two, which can be explained in Figure 14. On slot#0, SPS PDSCH collides with PUSCH repetition. If SPS PDSCH is configured with a high priority, i.e. its harq-CodebookID points to the HARQ codebook with high priority, it is hard to say the dynamic PUSCH should be prioritized.


[bookmark: _Ref127300522]Figure 15 Example of collision between semi-static DL and dynamic UL
Observation 15: Semi-static DL and dynamic UL may collide on SBFD symbol.

For type 3 collision, gNB transmits broadcast channels, i.e. type 0/0A/0B/1/2-PDCCH CSS and SSB, while UE is required to transmit uplink channel or signal on the same SBFD symbol. Both type 0/0A/0B/1/2-PDCCH CSS and SSB target for group of UEs, including SBFD aware UE and non-SBFD aware UE. Their configuration and transmission should not be impacted by SBFD operation. On the other hand, gNB may or may not schedule UL transmission within UL subband in a SBFD slot containing aforementioned DL broadcast channels. There is a concern that intra-cell UE-to-UE CLI may jeopardize DL performance, particularly SSB is fundamental for system performance. Actually SSB is quite robust in nature, with low coding rate, robust physical structure, special RS design, etc. Even in the legacy network, SSB suffers intra-subband gNB-to-UE interference from neighbouring cell. Intra-gNB UE-to-UE CLI may be not as significant as legacy gNB-to-UE interference. Furthermore, frequency gap between SSB and UL transmission within UL subband can provide additional protection for SSB. 
Observation 16: The impacts on SSB/CSS from UL transmission within UL subband may not always be an issue.

For type 4 collision, it is similar to type 2 collision, i.e. gNB may transmit dynamic downlink channel or reference signal on the DL subband(s) whilst indicate the same SBFD aware UE to transmit semi-static uplink channel or reference signal on the UL subband.

For type 5 collision, we need to discuss the semi-static DL transmission and semi-static UL transmission case by case. We summarize the procedure of how to determine the time location of each semi-static channel or reference signal as below:
Table 1  Determination of time domain resource for semi-static channel and reference signal
	Semi-static channel/signal
	Procedure of determining time location for each transmission

	Type-1 CG PUSCH
	The periodicity, time reference SFN, time offset and time domain resource allocation are configured by RRC signalling.

	Type-2 CG PUSCH
	The periodicity of CG PUSCH occasion is provided by RRC signalling. The time domain resource allocation within a slot is provided via activation DCI.

	Periodic PUCCH
	PUCCH resource, periodicity and offset are configured by RRC signalling.

	Periodic SRS
	SRS resource, periodicity and offset are configured by RRC signalling.

	Semi-persistent SRS
	SP SRS is triggered via MAC CE. Its periodicity and offset are configured by RRC signalling.

	SPS PDSCH
	SPS PDSCH is activated via DCI format with CRC scrambled by CS-RNTI. The periodicity is configured via RRC signalling.

	Periodic CSI RS
	The periodicity and offset for NZP CSI-RS and ZP CSI-RS are configured via RRC signalling.

	Semi-persistent CSI RS
	Both SP ZP CSI-RS and SP NZP CSI-RS are triggered by MAC CE, i.e. with individual MAC CE respectively. The periodicity and offset are configured via RRC signalling.


[bookmark: OLE_LINK12]Generally speaking, gNB can avoid collision between semi-static uplink and semi-static downlink via proper configuration. On the other hand, the additional consideration on avoiding collision between DL and UL may degrade the performance for one or another. For example, Type-1 CG PUSCH carrying URLLC traffic with high priority and SPS PDSCH are configured for UE simultaneous. If gNB has to guarantee there is no overlapping between SPS PDSCH and CG PUSCH in time domain, it introduces restrictions on the configuration for both of them, which is not expected.
Observation 17: The conflict between semi-static DL and semi-static UL may occur.

Based on the aforementioned analyses, we have the following proposal:

Proposal 31: Further study the following conflicting cases of DL reception and UL transmission:
· Type 1: Dynamic DL on SBFD symbol conflicts with Dynamic UL on the UL subband.
· Type 2: Semi-static DL on SBFD symbol conflicts with Dynamic UL on the UL subband.
· Type 3: Broadcast DL on SBFD symbol conflicts with UL on the UL subband.
· Type 4: Dynamic DL on SBFD symbol conflicts with semi-static UL on the UL subband, including CG PUSCH, periodic uplink reference signal and periodic PUCCH.
· Type 5: Semi-static DL on SBFD symbol conflicts with semi-static UL on the UL subband.


Mechanisms of realizing SBFD operation
In RAN1#110bis e-meeting, we discussed SBFD operation with achieving the following agreement:
	Agreement
For SBFD operation within a TDD carrier, it is agreed that SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies is the baseline.


Additionally, another potential solution for SBFD operation within a TDD carrier is BWP-based SBFD. The basic idea is to introduce a UE capability of simultaneously supporting multiple active BWP pairs. However, it would be a stringent requirement on UE capability which needs careful and comprehensive study. Secondly, it will introduce BWP switching delay inevitable. The delay comes from switching between the normal DL BWP and the duplex-DL BWP, vice versa. One example is shown as below. The delay components need further study as it is different from DL-DL BWP switching or UL-UL BWP switching. At least it needs more time on transmitter and receiver transition additionally.


Figure 16 Delay of BWP based SBFD
Last but not least, one basic idea behind BWP based SBFD is to configure TDD UL DL configuration per BWP. It is a fundamental change on TDD UL DL configuration as currently it is configured per cell. UE firstly determines the slot type and direction, i.e. DL, UL or flexible, then it determines UL or DL BWP is applied. If TDD UL-DL configuration is configured per BWP, the standard impacts may be uncontrollable.
Based on the aforementioned analyses, BWP-based SBFD operation should be precluded:
Proposal 32: BWP-based SBFD operation is not supported in Rel-18 duplex enhancement.

Beyond SBFD operation within a TDD carrier, it was also discussed that SBFD operation across carriers, called HDCA-SBFD. The nature of HDCA-SBFD is to treat carrier as subband and allow directional conflicts between carriers within the same band. However, we note that there is nothing about HDCA-SBFD in the SID of Rel-18 duplex enhancement. From this perspective, it is out of scope. On the other hand, we don’t see any bonus compared to single carrier mechanism.  Furthermore, we need to define new UE behaviour for supporting HDCA-SBFD, e.g. currently it is not allowed different directions on carriers within the same band. We may need to study/define the UE behaviour case by case, e.g. Semi-SFI+Semi-SFI, Semi-SFI+Dynamic SFI, Dynamic SFI + Semi-SFI, Dynamic SFI + Dynamic SFI. It will introduce jumbo standard workload.  Furthermore, the carrier used as UL subband basically has an UL dominated TDD-UL-DL configuration. Considering the carrier is also configured to the other UEs, including legacy UE, it will introduce improper TDD configuration for the non-target UE.
Proposal 33: Half duplex CA based SBFD operation is not supported in Rel-18 duplex enhancement.

DL-to-UL switching and TA determination
For unpaired spectrum, guard period is needed between DL region and UL region. Basically, the guard period is expected to provide sufficient time between DL region and UL region for DL-to-UL switching and ICI interference avoidance. For example, UE needs time to conduct DL-to-UL switching and TA adjustment. Currently the guard period is covered by flexible slot and the length of guard period is up to implementation, i.e. a value not smaller than . Similarly, guard period is also needed between the last OFDM symbol in DL region and the first OFDM symbol in UL subband. One example is shown in Figure 17, wherein DL-to-UL switching point between DL slot and UL subband is needed in addition to the legacy guard period. The additional DL-to-UL switching point can be configured explicitly or implicitly. However, the overhead should also be carefully evaluated as the guard period cannot be used for transmission and reception. Additional DL-to-UL switching point would reduce the spectrum utilization.


[bookmark: _Ref126929437]Figure 17 Examples of DL to UL switching point between DL and UL subband

For legacy TDD, uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE side. The purpose is to achieve an aligned TDD timing at gNB side and provide sufficient time for Rx-to-Tx switching at gNB side.[5] The Uplink-downlink time relation can be explained by Figure 17. As there is always flexible symbol between DL symbol and UL symbol, inter-slot interference caused by time advance at UE side can be avoided and Rx-to-Tx switching gap  can be guaranteed. 


[bookmark: _Ref126929470]Figure 18 Uplink-downlink timing relation

For SBFD aware UE, UL subband is configured in DL slots. An example is shown in Figure 18, wherein assuming UL subband is configured in DL slot#2 to DL slot#5. There is a back-to-back transmission between DL slot#1 and UL subband in slot#2. As a timing advance is applied to UE, i.e.  defined in TS38.211, UE needs to transmit uplink in advance with  relative to its DL timing. As there is no guard period between DL symbol and UL subband, the following issues can be observed:
· Issue#1: A SBFD aware UE needs to transmit uplink on the resources potentially scheduled with downlink, i.e. there is collision between DL and UL for the UE. Considering UE only half duplex capability, gNB has to avoid such kind of collision via scheduling. In the other words, some resources are unavailable for DL reception or UL transmission for this UE, which degrades its performance.
· Issue#2: If gNB schedules uplink transmission on the conflicting symbols, gNB suffers intra-subband self-interference as gNB needs to schedule DL for the other UEs. This case is out of scope as Rel-18 only study SBFD operation, instead of SSFD operation.
· Issue#3: The uplink transmission on the conflicting resources introduces intra-subband UE-UE CLI for the other UEs belonging to the same serving cell. It will significantly degrade legacy UE’s DL performance, which is not preferred. 


[bookmark: _Ref126929510]Figure 19 Timing alignment due to back-to-back DL and UL
Some companies propose to configure a zero value for NTA,offset. Theoretically, NTA is used to compensate propagation delay between UE and serving cell while NTA,offset is used to provide sufficient gap for Rx-to-Tx switching at gNB side and Tx-to-Rx switching at UE side. For SBFD gNB, assuming it is capable to receive and transmit at the same time, gNB doesn’t need switching time for Rx-to-Tx and Tx-to-Rx. An example with NTA,offset = 0 is shown in Figure 19 as below.


[bookmark: _Ref126929552]Figure 20 Timing of UL transmission assuming NTA,offset = 0
However, as UE still needs to transmit uplink within UL subband with  in advance, intra-subband UE-to-UE CLI to another UE belonging to the same serving cell is inevitable. It is same as issue#3 for fully reusing the mechanism determining TTA as analysed above. The last UL symbol suffers DL interference from neighbouring gNB because of synchronization error among gNBs. The last DL symbol in the DL region cannot be used for the UE as UE cannot transmit and receive at the same time. From this perspective, we don’t think simply setting NTA,offset = 0 really resolves the issue. Furthermore, considering UE can either transmit uplink or receive downlink in SBFD symbol, it leaves no switching gap for both Rx-to-Tx and Tx-to-Rx switching if NTA,offset = 0.


Figure 21 ISI introduced by zero NTA,offset

Another solution proposed in the last meeting is only setting NTA,offset = 0 for SBFD symbol. Although it can avoid DL interference to UL symbol due to early DL transmission from neighbouring gNB, it doesn’t resolve issue#1 and issue#3 as well. In essence, TA is introduced to compensate the bi-derection propagation delay between gNB and UE, and provide sufficient guard period for gNB to conduct Rx-to-Tx switching and UE to conduct Tx-to-Rx switching. More importantly, it results that there is no gap for both Rx-to-Tx and Tx-to-Rx switching between two SBFD symbols or between SBFD symbol and non-SBFD symbol. There is no reason to define two TA values for an individual UE. 
Observation 18: TA enhancement is not necessary as it doesn’t resolve inter-slot interference issue.
Currently, flexible symbols needs to be configured between DL region and UL region. Thanks to the flexible symbols in between, NTA,offset and NTA can be employed to guarantee aligned timing at gNB side and provide sufficient gap for Rx-to-Tx switching. Hence the key point is a guard period must be provided between the last DL symbol in DL slot and the first UL symbol in UL subband. At least the following mechanisms can be considered in the further study:
· Option 1: The guard period is configured by gNB for SBFD aware UE. 
· Option 2: UE does not expect to transmit in the uplink on the first G symbols within UL subband.
· Option 3: The first OFDM symbol of UL subband is always adjacent UL symbol or flexible symbol.
Option 3 is the simplest mechanism and can fully enjoy the bonus of semi-static flexible OFDM symbols. No or trivial standard impact is expected. One example is shown in Figure 21. UL subband is configured right behand semi-static UL symbol, i.e. UL region is contiguous from SBFD aware UE point of view. The flexible symbols can be used for the guard period between DL region and UL region. Unified TA value, i.e. determined by the current mechanism, is applied to SBFD symbol and UL symbol. As the legacy gap period can be fully reused, we don’t need to introduce or define additional gap period between DL symbol and SBFD symbol. The spectrum efficiency is higher compared with option 1 and option 2. Hence we slightly prefer option 3.


[bookmark: _Ref127302563]Figure 22 UL subband is adjacent to UL symbol

Proposal 34: Guard period between DL region and UL subband is needed and at least the following mechanism can be considered.
· Option 1: The guard period is configured by gNB for SBFD aware UE. 
· Option 2: UE does not expect to transmit in the uplink on the first G symbols within UL subband.
· Option 3: The first OFDM symbol of UL subband is always adjacent UL symbol or flexible symbol.


Interference management for SBFD
Self-interference handling
On SBFD symbol, gNB can transmit in DL subband and receive in UL subband simultaneously. Therefore, gNB suffers inter-subband self-interference in SBFD slot, which would affect UL performance. One concern raised by companies is that the unaligned symbol/slot boundary at gNB side may deteriorate performance of digital interference cancellation. However, self-interference can be suppressed by spatial isolation, frequency isolation, beam nulling /isolation, RF domain mitigation and digital interference cancellation according to the reply from RAN4. [3] The value range of RSIC provided by RAN4 is shown in Table 2.  It can be seen that digital IC is not a solid mechanism to suppress self-interference and even RAN4 thinks that we may not obtain any bonus from digital domain. Even digital IC is not available, we still can harvest sufficient isolation from the other aspects. Actually how much isolation is needed to make SBFD operation feasible depends on the SLS evaluation results. If RSIC capability provided by spatial isolation, frequency isolation and beam nulling/isolation is sufficient, digital IC may not be something has to be present. On the other hand, even the SBFD symbol and DL symbol is not aligned at gNB side, the performance of digital IC can still be guaranteed as gNB has the information of NTA,offset.
[bookmark: _Ref127206499]Table 2 value range of RSIC
	Parameter
	FR1(Frequency Range 1)
	FR2(Frequency Range 2)

	Spatial isolation 
	50~80dBc
	80-120 dBc

	Frequency isolation
	45 dBc 
	22.5~30 dBc

	Beam nulling /isolation
	0~40 dBc
	0~40 dBc

	Digital IC 
	0~50 dBc
	0~50 dBc

	Overall RSIC capability 
	95 ~185 dBc
	102.5~ 205 dBc

	NOTE1: Other isolation schemes could be discussed further.
NOTE 2: Both transmitter leakage to the RX sub-band and interference arising from receiver imperfections need to be considered. Receiver imperfections may reduce the RSIC to be lower than the RSIC considering transmitter leakage alone. RAN4 will assess impact of Rx impairments on the RSIC capability. But the RSIC model can potentially be simplified to address impact from both aspects together. 



Observation 19: The impacts on digital IC from unaligned symbol/slot boundary at gNB side needs further study.

Interference handling at UE
The UE-UE CLI measurement has been studied in Rel-16, which can be used to obtain the RSSI and RSRP of intra-subband UE-UE CLI. However, considering that power of UL signal leaks to DL subband is non-uniform with the assumption of in-band emissions, strength of inter-subband UE-UE CLI differs in frequency, which is shown in Figure 23. It is not suitable to measure the UE-UE CLI in the whole DL subband and report the average RSSI of inter-subband UE-UE CLI. Some enhancements would be needed to obtain accurate inter-subband UE-UE CLI strength in frequency. Similar to subband based CSI measurement and report, subband based inter-subband UE-UE CLI measurement and report could be considered. 
[image: ]
[bookmark: _Ref127209904]Figure 23 IBE model at UE side

Observation 20: Subband based CLI measurement and report should be used for inter-subband UE-UE CLI mitigation. 

In order to mitigate inter-subband UE-UE CLI, we discussed UE behaviour on measuring CLI on SBFD slot. The following agreement was achieved:
	Agreement
For inter-UE inter-subband CLI measurement, study at least the following methods:
· Method#1: victim UE measures RSSI within DL subband
· FFS: Whether SINR can be measured
· Method#2: victim UE measures RSRP of aggressor UE within UL subband
· Method#3: victim UE measures RSSI within UL subband 
· Note: the restriction in Rel-16 that CLI is only measured within DL BWP does not forbid UE to measure CLI in UL subband when UL subband is confined within DL BWP.


Basically, method#1 is the Rel-16 UE-UE CLI mechanism that UE measures RSSI on the downlink resources. Regarding SINR, it may be not possible as the signal power on different RBs are different according to the definition of IBE. On the other hand, from victim UE perspective, the uplink transmission on UL subband are interference for DL reception on DL subband. There is no signal UE needs to process on the RSSI resource.   
For method#2 and mothed#3, the main purpose is to eliminate the negative impacts on the dynamic range of the DL signal as UE cannot reject the UE-UE CLI from UL subband.[6] It may be beneficial to support RSRP and RSSI measurement within UL subband.

Proposal 35: Victim UE doesn’t need to measure SINR within DL subband.
Interference handling at gNB
Similar to inter-subband UE-UE CLI, inter-subband gNB-gNB CLI is also non-uniform in frequency, which is shown in Figure 22. Thus, it is preferred to apply subband based inter-subband gNB-gNB CLI measurement and information exchange to represent more accurate strength of gNB-gNB CLI in the frequency domain.

[image: ]
[bookmark: _Ref127209957]Figure 24 Interference leakage at gNB side

Observation 21: Subband based measurement and information exchange should be used for inter-subband gNB-gNB CLI mitigation. 

2.10 Others
SBFD operation in UL symbols
In RAN#96 plenary meeting, it was concluded that ‘UL symbol as 2nd priority is accepted, no intended suspension of continuation of work in WGs’. From our understanding, the intention of the conclusion is to deprioritize the discussion on whether to support DL subband on UL symbols. When we finish the discussion or the design of UL subband on DL symbols becomes mature, we can discuss whether to support DL subband on UL symbols.
As discussed during preparation phase of Rel-18 NR duplex operation, the motivation of supporting full duplex within a slot is to enhance the uplink transmission, in terms of coverage, latency and capacity. It is also captured in the justification section of SID, which is excerpted as below:
	[bookmark: _Hlk89819308]TDD is widely used in commercial NR deployments. In TDD, the time domain resource is split between downlink and uplink. Allocation of a limited time duration for the uplink in TDD would result in reduced coverage, increased latency and reduced capacity. As a possible enhancement on this limitation of the conventional TDD operation, it would be worth studying the feasibility of allowing the simultaneous existence of downlink and uplink, a.k.a. full duplex, or more specifically, subband non-overlapping full duplex at the gNB side within a conventional TDD band.
< -----omitted text---->
This study aims to identify the feasibility and solutions of duplex evolution in the areas outlined above to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operations in unpaired spectrum. In addition, the regulatory aspects need to be examined for deploying identified duplex enhancements in TDD unpaired spectrum considering potential constraints.


Based on previous discussion and the SID, the common understanding on the type of subband seems to be UL subband, which exists in DL slot and is used for uplink transmission. On the other hand, the motivation of configuring/indicating a DL subband in an uplink slot is unclear.  Considering uplink subband is already on the table, a DL dominated TDD UL-DL configuration is feasible which can certainly guarantee DL performance.  More importantly, configuring/indicating DL subband in an uplink slot has significant impacts on legacy UEs, which is not desired. One example is shown in Figure 25 and the interference from UL/DL subband is summarized as below:
· For case a), a UL subband is configured or indicated in a DL slot. For a legacy UE which receives downlink channel or signal, it suffers uplink interference from other UEs in the same cell.
· For case b), a DL subband is configured or indicated in a UL slot. For a legacy UE which transmits uplink channel or signal, gNB suffers downlink interference from its own transmitter.
From perspective of legacy UE, the DL interference from same serving cell is much stronger than UL interference from other UE. In the other words, DL subband in a UL slot introduces more significant impacts for legacy UE, which needs carefully study.


[bookmark: _Ref131694516]Figure 25 Examples of subband type for duplex operation
Proposal 36: For subband non-overlapping full duplex, it cannot be applied to UL symbols.

Valid RO determination on SBFD symbols
Currently, the time-frequency resources used for RACH is configured by SIB1. Additionally, UE determines which ROs are valid as below in TS38.213:
	[bookmark: _Hlk29801864]For unpaired spectrum, 
-	if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last SS/PBCH block reception symbol, where  is provided in Table 8.1-2 and, if channelAccessMode = semistatic is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where the UE does not transmit [15, TS 37.213].
-	the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon , as described in clause 4.1
-	If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2, and if channelAccessMode = semistatic is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213]
-	the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon, as described in clause 4.1. 


In summary, a valid RO cannot exist in DL symbols. It makes it impossible for a non-SBFD UE to transmit preamble on DL symbols. Even for a SBFD UE with transparent UL subband, it is not possible to transmit preamble on DL symbols as it would be an invalid RO according to the above definition. The following figure could be an example.


Figure 26 Example of multiplexing between UL and DL on SBFD slots

SBFD aware UE has full knowledge on which resources are reserved for UL transmission. Therefore, it is confident to transmit preamble on the UL subband when random access is triggered, even if the RO is on the DL symbols. However, it needs to be further clarified whether it is possible or necessary to allow UE to transmit preamble on the UL subband.


Observation 22: If a RO exists in DL slots configured by tdd-UL-DL-ConfigurationCommon, it cannot be used for preamble transmission even if the RO locates in a transparent UL subband.

Proposal 37: Clarify whether to allow a SBFD UE to transmit preamble within the UL subband in a SBFD slot.

Conclusion 
In this contribution, we provide our views on subband non-overlapping full duplex. We have the following observations:
Observation 1: There are several mechanisms to realize TDD UL-DL configuration which leads to different TDD periodicity:
· Single TDD periodicity provided by tdd-UL-DL-ConfigurationCommon
· Dual TDD periodicity provided by tdd-UL-DL-ConfigurationCommon
· Additional TDD UL-DL configuration provided by tdd-UL-DL-ConfigurationDedicated on top of common configuration
· No TDD periodicity is provided by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated
Observation 2: A unified solution to indicate the SBFD subband time domain location should be employed in order to simplify specification and gNB operation.
Observation 3: SLIV-like method is not sufficient for indicating SBFD time location for discrete DL region hence a unified indication is impossible across different TDD configuration scenarios.
Observation 4: Bitmap based method can be used to indicate SBFD time location within a time period.
· The time period is equal to TDD periodicity provided by tdd-UL-DL-ConfigurationCommon
· FFS: the time unit of bitmap
· FFS: how to determine time period if gNB doesn’t provide any TDD configuration
Observation 5: If bitmap-based mechanism is used to indicate SBFD subband time domain location, how to define guard period between DL symbol and first symbol occupied by UL subband needs further study.
Observation 6: A subband-specific TDD UL-DL configuration can be used to indicate SBFD subband time domain location.
Observation 7: It is a typical case for a self-contained slot that it consists of both SBFD and non-SBFD symbols.
Observation 8: The maximum number of switching points between SBFD symbol and non-SBFD symbol is a generic issue for SBFD operation.
Observation 9: DL reception should be allowed within UL subband in SBFD symbol.
Observation 10: For SBFD aware UE, whether enhancement is needed for DL receptions across SBFD symbols and non-SBFD symbols depends UE behaviour discussion.
Observation 11: For PUSCH without repetition, current specification is sufficient to avoid the case where a PUSCH is across SBFD symbol and non-SBFD symbol.
Observation 12: For PUCCH without repetition, current specification is sufficient to avoid PUCCH transmission across SBFD symbols and non-SBFD symbols.
Observation 13: For DG PDSCH without repetition, current specification is sufficient for DL receptions across SBFD symbols and non-SBFD symbols.
Observation 14: The conflicted dynamic downlink and dynamic uplink on the same SBFD symbol may have different priorities.
Observation 15: Semi-static DL and dynamic UL may collide on SBFD symbol.
Observation 16: The impacts on SSB/CSS from UL transmission within UL subband may not always be an issue.
Observation 17: The conflict between semi-static DL and semi-static UL may occur.
Observation 18: TA enhancement is not necessary as it doesn’t resolve inter-slot interference issue.
Observation 19: The impacts on digital IC from unaligned symbol/slot boundary at gNB side needs further study.
Observation 20: Subband based CLI measurement and report should be used for inter-subband UE-UE CLI mitigation. 
Observation 21: Subband based measurement and information exchange should be used for inter-subband gNB-gNB CLI mitigation. 
Observation 22: If a RO exists in DL slots configured by tdd-UL-DL-ConfigurationCommon, it cannot be used for preamble transmission even if the RO locates in a transparent UL subband.

Based on the aforementioned discussion and observation, we have the following proposals:

Time domain resource allocation for UL subband
Proposal 1: For semi-static configuration of subband time locations for SBFD operation, the following mechanisms can be considered:
· gNB indicates SBFD subband time domain location via a bitmap
· gNB indicates SBFD subband time domain location via a subband-specific TDD UL-DL configuration
Proposal 2: UL subband cannot be configured on UL symbols, including semi-static UL symbol and dynamic UL symbol indicated via SFI.
· If gNB indicates UL subband is present on UL symbols, UE ignores the UL subband configuration on UL symbols and transmits uplink on UL symbol as normal.
Proposal 3: Cell-specific signalling is sufficient to configure SBFD subband time location.
Proposal 4: If UL subband is configured on semi-static flexible symbol and gNB further adjust direction for the symbols, clarify behaviour of SBFD aware UE at least for the following cases:
· Semi-flexible symbol is indicated as DL symbol on which UL subband is configured
· Semi-flexible symbol is indicated as UL symbol on which UL subband is configured
· Semi-flexible symbol is indicated as SFI flexible symbol on which UL subband is configured
Proposal 5: A slot can consist of both SBFD symbols and non-SBFD symbols.
Proposal 6: Only one switching point is allowed within a slot consisting of both SBFD symbols and non-SBFD symbols.
· Flexible symbols between DL symbol and UL symbol can be used as guard period for switching between SBFD symbol and non-SBFD symbol.

Frequency domain resource allocation for UL subband
Proposal 7: Frequency locations of DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s).
Proposal 8: For configuring frequency location of UL subband, the following mechanism can be considered:
· Reuse the same mechanism of configuring BWP to configure the frequency locations of subband for SBFD operation, i.e. the starting position and length are indicated.
· If gNB doesn’t provide any configuration for UL subband frequency location, a default BWP is used to determine the frequency location of the UL subband.  
Proposal 9: Cell-specific RRC signalling is used to configure SBFD subband frequency location as baseline.

UE behaviour on SBFD symbols
Proposal 10: For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the UE behaviours should be same as that in semi-static DL symbols.
Proposal 11: DL reception outside semi-statically configured DL subband is supported for dynamic SBFD.
· For SBFD operation on semi-static DL symbol configured via TDD-UL-DL-ConfigCommon, option 2 is adopted, i.e. DL receptions outside semi-statically configured DL subband(s) are allowed.
· For SBFD operation on semi-static flexible symbol configured via TDD-UL-DL-ConfigCommon, option 2 is adopted, i.e. DL receptions outside semi-statically configured DL subband(s) are allowed while UL transmissions outside semi-statically configured UL subband are not allowed.
Proposal 12: If DL receptions are allowed outside DL subband, clarify whether UL subband needs to be disabled or not.
Proposal 13: Study at least the following options for dynamic SBFD.
· Option 1: Dynamic SBFD is achieved by scheduling DCI which indicates whether a symbol is SBFD symbol or not.
· Option 2: 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.

Transmission or reception across normal symbol and SBFD symbol
Proposal 14: Option 2 should be adopted for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots.
· It is possible that the transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only.
Proposal 15: For PUSCH repetition without frequency hopping, the following mechanisms can be considered for PUSCH across SBFD slot and non-SBFD slot:
· PUSCH repetition is mapped on non-SBFD slot only if PUSCH resource exceeds UL subband
· PUSCH repetition is scheduled on non-SBFD slot and SBFD slot with confining frequency resources in UL subband
· PUSCH repetition is scheduled on non-SBFD slot and SBFD slot, the frequency allocation on UL slot and SBFD slot can be different

Proposal 16: For PUSCH repetition with frequency hopping, the following mechanisms can be considered for PUSCH across SBFD slot and non-SBFD slot:
· PUSCH repetition is mapped on non-SBFD slot only if one of the hops exceeds UL subband
· PUSCH repetition is scheduled on non-SBFD slot and SBFD slot, same frequency hopping offset list is applied
· PUSCH repetition is scheduled on non-SBFD slot and SBFD slot, separate frequency offsets list are applied to UL slot and SBFD slot respectively
Proposal 17: For PUCCH repetition without frequency hopping, the following mechanisms can be considered for PUCCH across SBFD slot and non-SBFD slot:
· PUCCH repetition is mapped on non-SBFD slot only if PUCCH resource exceeds UL subband
· PUCCH repetition is indicated on non-SBFD slot and SBFD slot with confining frequency resources in UL subband
· PUCCH repetition is indicated on non-SBFD slot and SBFD slot, the frequency allocation on UL slot and SBFD slot can be different
Proposal 18: For PUCCH repetition with frequency hopping, the following mechanisms can be considered for PUCCH across SBFD slot and non-SBFD slot
· PUCCH repetition is mapped on non-SBFD slot only if one of the hops exceeds UL subband
· PUCCH repetition is indicated on non-SBFD slot and SBFD slot, same frequency hopping offset list is applied
· PUCCH repetition is indicated on non-SBFD slot and SBFD slot, separate frequency offsets list are applied to UL slot and SBFD slot respectively
Proposal 19: For PUSCH with TBoMS, the following mechanisms can be considered for PUSCH across SBFD slot and non-SBFD slot:
· PUSCH repetition is mapped on UL slot only if resource allocation of PUSCH exceeds UL subband
· PUSCH repetition is indicated on non-SBFD slot and SBFD slot with confining frequency resources in UL subband
Proposal 20: For multi-PUSCH scheduled by a single DCI, the following mechanisms can be considered for PUSCH across SBFD slot and non-SBFD slot:
· All PUSCHs are mapped on non-SBFD slot only if resource allocation of PUSCH exceeds UL subband
· Multi-PUSCH is scheduled on non-SBFD slot and SBFD slot with confining frequency resources in UL subband
· Multi-PUSCH is scheduled on non-SBFD slot and SBFD slot, the frequency allocation on UL slot and SBFD slot can be different
Proposal 21: For multi-PDSCH scheduled by a single DCI, the following mechanisms can be considered for PDSCH across SBFD slot and non-SBFD slot:
· All PDSCHs are mapped on non-SBFD slot only if resource allocation of PDSCH exceeds DL subband
· Multi-PDSCH is scheduled on non-SBFD slot and SBFD slot with confining frequency resources in DL subband
· Multi-PDSCH is scheduled on non-SBFD slot and SBFD slot, the frequency allocation on DL slot and SBFD slot can be different
Proposal 22: PDCCH monitoring occasions across SBFD slot and non-SBFD slot are allowed 
· For PDCCH, it is up to gNB to avoid collision between UL subband and CORESET in frequency domain.
Proposal 23:  Current mechanism is sufficient for SPS PDSCH and CG PUSCH across SBFD slot and non-SBFD slot if repetition is not configured.
· For a SPS configuration or CG configuration, it is only located on SBFD slots or non-SBFD slots.

Proposal 24: For PDSCH repetition, the following mechanisms can be considered for PDSCH across SBFD slot and non-SBFD slot:
· PDSCH repetition is mapped on non-SBFD slot only if PDSCH resource exceeds DL subband
· PDSCH repetition is scheduled on non-SBFD slot and SBFD slot with confining frequency resources in DL subband
· PDSCH repetition is scheduled on non-SBFD slot and SBFD slot, the frequency allocation on DL slot and SBFD slot can be different
Proposal 25: For SBFD-aware UEs, both option 1-1 and option 2-2 are supported 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.
Proposal 26: For SBFD-aware UE, transmission/reception occasion of a physical channel/signal cannot be mapped to SBFD and non-SBFD symbols within a slot.

Overlapping between DL reception/UL transmission and UL/DL subband
Proposal 27: Further study whether and how to enhance resource allocation type 1.
Proposal 28: For CSI-RS resource configuration on SBFD slot, non-contiguous CSI-RS resource configuration via implicit mechanism is supported on SBFD slot, i.e. option 2-2.
Proposal 29: For SBFD-aware UEs, if PRG(s) with size of 2 and 4 that overlaps with subband boundary, the following mechanisms should be considered:
· Part of the PBG inside the DL subband and guard band can be used
· PBG is determined in the same way as that in active DL BWP
Proposal 30: SBFD aware UE fully reuse existing tools in specifications on CORESET and search space configuration to handle the case that CORESET overlaps the boundary of a DL subband in SBFD symbols, e.g.
· SBFD aware UE doesn’t expect CORESET overlaps with any RE outside DL subband.
· SBFD aware UE drops the PDCCH candidate overlapping with any RE outside DL subband.

Conflict of transmission direction on SFBD symbols
Proposal 31: Further study the following conflicting cases of DL reception and UL transmission:
· Type 1: Dynamic DL on SBFD symbol conflicts with Dynamic UL on the UL subband.
· Type 2: Semi-static DL on SBFD symbol conflicts with Dynamic UL on the UL subband.
· Type 3: Broadcast DL on SBFD symbol conflicts with UL on the UL subband.
· Type 4: Dynamic DL on SBFD symbol conflicts with semi-static UL on the UL subband, including CG PUSCH, periodic uplink reference signal and periodic PUCCH.
· Type 5: Semi-static DL on SBFD symbol conflicts with semi-static UL on the UL subband.


Mechanisms of realizing SBFD operation
Proposal 32: BWP-based SBFD operation is not supported in Rel-18 duplex enhancement.
Proposal 33: Half duplex CA based SBFD operation is not supported in Rel-18 duplex enhancement.

DL-to-UL switching and TA determination
Proposal 34: Guard period between DL region and UL subband is needed and at least the following mechanism can be considered.
· Option 1: The guard period is configured by gNB for SBFD aware UE. 
· Option 2: UE does not expect to transmit in the uplink on the first G symbols within UL subband.
· Option 3: The first OFDM symbol of UL subband is always adjacent UL symbol or flexible symbol.

Interference management for SBFD
Proposal 35: Victim UE doesn’t need to measure SINR within DL subband.

Others
Proposal 36: For subband non-overlapping full duplex, it cannot be applied to UL symbols.
Proposal 37: Clarify whether to allow a SBFD UE to transmit preamble within the UL subband in a SBFD slot.
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