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1. [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: _Ref129681832]A new study item on “Study on evolution of NR duplex operation” was approved in RAN#94-e [1]. The discussions started in meeting RAN1#109-e and several agreements were made. This contribution further discusses various enhancements related to non-overlapping subband full duplex (SBFD). 
2. Enhancements for configuring Sub-band 
A gNB capable of non-overlapping SBFD, can transmit in DL and receive in UL simultaneously in different sub-bands (SBs) within a carrier. Configuring a part of carrier as UL subband creates conflicts at the UE side. For e.g., Fig. 1 illustrates scenario where the UL SB configured for SBFD operation is overlapping with the DL BWP assigned to the UE. In the case of SBFD, the gNB is not expected to perform DL operation within the UL SB. Hence, the portion of DL BWP overlapping with UL SB and guard band will be deactivated for the UE. The SBFD aware UE should be aware of the UL SB and the guard band to avoid unnecessary monitoring for DL reception in the portion of DL BWP overlapping with UL SB and guard band. The frequency domain location of the full UL SB can be provided to the UE. The frequency domain location can be provided as a combination of the starting RB of the UL SB and the bandwidth of the UL SB in terms of number of RBs. The information can be provided as cell specific signal. 
Observation 1: DL BWPs allocated to UEs overlaps partially or fully with the UL SB and creates unnecessary monitoring at the UE. 
Proposal 1: Indicating starting RB and number of RBs of the full UL SB to the SBFD aware UE is supported.
[image: ]Fig. 1:  Overlapping of UL SB and guard band with BWP of UE
Further, the transmission and receptions pattern in SBFD within the SB need to be defined. In the case of semi-statically configured DL symbol, the following agreement was made in RAN1#111 [2]. 
	Agreement
For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol




Based on the agreement, in a semi-statically configured DL symbol the DL and UL operations are allowed within DL SB and UL SB, respectively. Further, the UL transmission is not allowed outside the UL SB configured. However, the agreement does not talk about the DL transmission outside DL SB. It is advantageous to allow DL operation outside DL SB at least for some scenarios based on priority of the signals and type of scheduling. For e.g., if a PDSCH is dynamically scheduled in a DL symbol, in which SBFD is active, and it overlaps with the UL SB configured semi-statically, then the dynamic scheduling should be given priority and PDSCH reception should be allowed at the UE outside DL SB.
Proposal 2: Support DL operation outside DL SB in a semi-statically configured DL symbol based on scheduling type and priority of the signal.
In case of semi-statically configured F symbol, the following agreement was made in RAN1#112-bis-e [3]
	Agreement
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the following alternatives are studied for SBFD aware UEs,
Alt 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

Alt 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



In current NR, the F symbol can be configured as DL/UL depending on dynamic indication from gNB. The same should be applicable in case of SBFD as well. The symbol can be SBFD symbol with DL/UL within respective subbands or a full DL/UL symbol based on dynamic indication. E.g., the gNB can indicate the slot as DL to one set of UEs and UL to another set of UEs using dedicated TDD configuration or DCI format 2_0, and schedule DL and UL operations to respective set of UEs so that the symbol will be SBFD symbol. In another e.g., the gNB only configures the symbol as DL to a set of UEs, and schedule DL operation. If FDRA for the scheduled operations cover the entire band then it is equivalent of converting the symbol into full DL symbol. Similar is the case with converting to full UL symbol. Therefore, from gNB perspective the RBs can be dynamically scheduled for DL or UL in a F symbol. Similarly, the UE operates according to the dynamic indication from the gNB. 
Proposal 3: In case of semi-statically configured F symbols Alt 2 is supported. 
· A gNB can configure the symbol as SBFD symbol, Full DL symbol or full UL symbol.
· The UE operates according to the dynamic indication received from the gNB.
Further, the UE requires information about DL SB or guard band to identify the active region of the BWP in SBFD symbol. Following agreement is made in RAN1#112-bis-e [3]
	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).




The explicit signalling of DL SB/guard band is useful and efficient when the size of the DL SB and location of guard band is not changing across SBFD symbols. For e.g., in SBFD symbol if the DL operation is confined to DL SB and UL operation is confined to UL SB, then the DL SB and guard band will not change across SBFD symbols. Hence, the semi-static configuration of DL SB or guard band is sufficient. However, in practical scenarios, the bandwidth of the guard band will be less as compared to the bandwidth of the DL SBs. Thus, the information bits required to signal the guard bands will be less as compared to signalling of DL SBs. Further, if DL operation is allowed outside DL SB, then the size of DL SB changes across SBFD symbols based on scheduling and the gNB must update the DL SB frequently, which is not efficient. Therefore, explicit signaling of DL SB is not supported.
Similarly, if DL operation is allowed outside DL SB, then the location of the guard band changes based on scheduling. However, in such cases, the gNB can implicitly take care of the guard band while scheduling/using rate matching patterns. In case of rate matching patterns, the guard band is indicated as a part of PUSCH rate matching as reserved resources which cannot be used for UL operation. The SBFD aware UE ignores the semi-statically configured guard band whenever the DL scheduling exceeds the DL SB. 
Observation 2: For explicit signalling of DL SB following observations are made:
· The size of DL SB changes across SBFD symbols when the DL operation is allowed outside DL SB, resulting in frequent updating of DL SB
· The size of DL SB will be higher compared to the guard band resulting in signalling overhead.
Proposal 4: Explicit signaling of guard band is supported
Proposal 5: When DL operation exceeds DL SB then Following is supported
· Implicit configuration of guard band, where the gNB takes care of the guard band while scheduling or using rate matching pattern.
· SBFD aware UE ignores the explicit guard band configured.

3. Granularity of SBFD operation and configuring SBFD active time resources 
The SBFD operation can be enabled for a set of time resources, a.k.a. SBFD active time resources, in which the UL SB is active. The SBFD aware UE should be aware of the SBFD active time resources to avoid unnecessary monitoring. The granularity of the SBFD active time resource can be at symbol level or slot level. The advantage of slot level granularity is reduced signaling overhead but impacts the flexibility in scheduling. E.g., when a series of slots are configured as non-SBFD then the gNB cannot get measurements corresponding to SBFD in those set of slots. Further, the slot level restricts the activation of SBFD in case a few symbols of the slot are configured for high priority signals. E.g., if SSB is configured in a symbol of the slot then the SBFD cannot be activated in the entire slot. Therefore, slot level SBFD significantly reduces the number of SBFD occasions. The advantage of symbol level SBFD is increased flexibility in scheduling and compatibility with TDD DL/UL configuration, but at the cost of signaling overhead. Further, frequent switching across SBFD and non-SBFD is not possible at gNB as the gNB has to make several hardware adjustments. As compromise the granularity can be resource type within a slot. E.g., the SBFD (or UL SB) is active in DL symbols of a slot. 
Observation 3: Following observations are made about time granularity of SBFD operation.
· Symbol level granularity for SBFD active time resource leads to signaling overhead and frequent switching.
· Slot level granularity impacts flexibility in configuring/scheduling and restricts activation of SBFD in case a few symbols of the slot are configured for high priority signals.
Proposal 6: Support time granularity of SBFD active time resource as resource type within a slot.
In addition to indicating UL SB, the gNB should indicate the time instances in which the UL SB will be active or SBFD active time resources to the SBFD aware UE. The following was agreed in RAN1#110-bis-e [5].
	Agreement
For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period is the baseline.



In case a time resource is indicated as SBFD active time resource, then the UE assumes the UL SB configured is active in the time resource and determine the type of operation that need to be performed in the UL SB configured. E.g., if a UE is configured with CSI-RS reception in frequency resources overlapping with UL SB in a SBFD active symbol, then the UE can neglect the CSI-RS configuration within the UL SB. Similarly, if a time resource is indicated as SBFD active time resource and UE receives UL scheduling within the UL SB, then the UE performs UL operation within the UL SB configured. The indication can be dynamic as well. In case of dynamic, the gNB can dynamically indicate a time resource as SBFD active time resource or not. E.g., a DCI format indicates to the UE whether SBFD operation is allowed in each resource type of the slot for a set of slots. 
Proposal 7: Dynamic indication of the SBFD active time resource (time resources in which UL SB is active) to SBFD aware UE is supported. 
The SBFD active time resource can be periodic or aperiodic. The type can be configured by gNB along with indication of SBFD active time resource. In the case of periodic, the indication of SBFD active time resource is semi-static using RRC and it comprises starting time, duration, and periodicity. In case of aperiodic, the configuration comprises slot offset and duration.
Proposal 8: Support periodic and aperiodic activation of SBFD operation
· Periodic configuration consists of starting time, duration, and periodicity.
· Aperiodic configuration comprises slot offset and duration.
4. Enhancements for TDD Configuration
In SBFD, the gNB should be able to schedule DL reception to a UE and UL transmission from another UE simultaneously. However, the existing 5G-NR specification, the gNB has various limitations in scheduling simultaneous UL/DL. In 5G-NR, the configuration provided by TDD_UL_DL_config_common is common for all UEs in a cell and DL/UL configuration provided for a time resource cannot be overwritten using TDD_UL_DL_config_dedicated or SFI format. Therefore, the SBFD operation will be limited to the F symbols configured by TDD_UL_DL_config_common. E.g., if a slot is indicated as DL by TDD_UL_DL_config_common, then all the UEs in the cell will be DL and the gNB cannot schedule UL transmission from the UEs in that slot. Therefore, gNB cannot operate in SBFD in the slot. To enable more flexibility and more time resources for configuring SBFD, the TDD configuration provided by TDD_UL_DL_config_dedicated should override the TDD configuration provided by TDD_UL_DL_config_common. An e.g., for configuring SBFD operation using TDD configurations is illustrated in Fig. 2 below. In figure, the gNB has configured slot n as DL using TDD_UL_DL_config_common for UE1 and UE2. Now, for activating SBFD in slot n, the gNB has to configure UL to one of the UEs, for which the gNB has indicated slot n as UL to UE2 using TDD_UL_DL_config_dedicated. The UL configuration provided by TDD_UL_DL_config_dedicated overrides the DL configuration and slot n will be UL for UE2. Therefore, the gNB can perform DL with UE1 and UL with UE2 in slot n. 

Observation 4: In current specification, the SBFD operation is limited to F symbols configured by TDD_UL_DL_Config_common.

[bookmark: _Hlk134434315]Proposal 9: TDD configurations provided by TDD_UL_DL_Config_dedicated overriding TDD configuration provided by TDD_UL_DL_Config_common is supported.
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Fig 2: Increasing flexibility in scheduling SBFD with TDD configurations

Further, in current specification, the TDD_UL_DL_config_dedicated can configure the slot starting with DL symbols alone, which again restricts the SBFD operation to certain symbols. An e.g., is illustrated in Fig. 2. In figure, slot n+1 is configured as DL-F-UL format using TDD_UL_DL_config_common. According to current specification, the TDD_UL_DL_config_dedicated can indicate the slot as either full UL or with some format starting with DL symbols. The former one restricts the SBFD operation to initial set of symbols, whereas in latter the SBFD operation cannot be configured in initial set of symbols. In such a case, it will be beneficial to provide UE 2 with a TDD_UL_DL_config_dedicated configuration starting with UL symbols so that SBFD can be enabled throughout the slot. To allow such flexibility of scheduling and efficient utilization of available bandwidth for SBFD, TDD configurations starting with UL symbols are supported.
Observation 5: TDD configurations starting with UL slots/symbols improve flexibility of scheduling SBFD and allows efficient utilization of available bandwidth for SBFD.

Proposal 10: TDD configurations starting with UL symbols are supported.

5. SBFD operation and Transmission/Reception of signals/channels
5.1 SBFD operation in SSB symbols
Regarding configuration of SSB in an SBFD active time resource the following is agreed in RAN1#112-bis-e [3].
	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.



Allowing SBFD operation in SSB symbols will have an impact on initial access especially for legacy UEs. An idle UE performing SSB measurements will experience UE-to-UE inter subband CLI. Further, for legacy UEs, any impact on SSB due to SBFD operation cannot be informed to the UEs. E.g., UL transmission in the UL SB happens in an SSB symbol with a certain SSB ID. Legacy UE will still try to perform SSB measurements in that symbol, which is unnecessary. Therefore, SBFD operation should not be allowed in SSB symbols. However, the specification should not restrict the gNB from configuring SBFD parameters in SSB symbol. The priority should be given to SSB and the UE should ignore the SBFD configuration when it overlaps with SSB configuration. 
Observation 6: Specification should not restrict the gNB from configuring SBFD parameters in SSB symbol.
Proposal 11: SBFD configuration should be allowed in an SSB symbol (Option 2). 
· Priority is given to SSB and UE ignores SBFD configuration.

5.2 CSI-RS reception in SBFD symbols
Regarding CSI-RS measurement and reporting in SBFD symbols following agreements were made in RAN1#112 [4] and RAN1#112-bis-e [3]
	Agreement (RAN1#112):
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) 

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 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).

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.
· [bookmark: _Hlk134791397]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.



In general, the SBFD operation should not affect the existing configurations from the gNB. The UE should identify the conflicts based on SBFD configuration and operate according to the priority rules defined. Regarding configuration of CSI-RS resources, the existing specification should be reused, and the UE should determine the active portion of CSI-RS resource based on the SBFD configuration. E.g., if UL SB overlaps with the configured frequency resources configured for CSI-RS reception, then the UE should identify the overlap using the FDRA for CSI-RS and UL SB indication, and CSI-RS reception in overlapped portion should be skipped by the UE. Similarly, the CSI-RS reporting configuration should also reuse the existing procedure. There is no need for separate CSI-ReportConfigs for SBFD and nn-SBFD symbols. UE should identify the CSI-RS resource receptions in SBFD and non-SBFD symbol based on SBFD active time resource indication, measure the parameters separately for SBFD and non-SBFD symbol and report the parameters to the gNB.
Proposal 12: For frequency resource allocation for CSI-RS, gNB configuring one contiguous CSI-RS resource allocation and UE deriving non-contiguous CSI-RS resource excluding UL SB is supported.
Proposal 13: For the CSI report configuration, following is supported
· One CSI-ReportConfig, associated with associated with one CSI-RS, both SBFD symbols and non-SBFD symbols 
· UE derive separate CSI reports for SBFD symbols or non-SBFD symbols
5.3 Signals/channels in SBFD and non-SBFD symbols across slots
For the transmission and reception of signals/channels in SBFD and non-SBFD symbols across slots the following agreements were made in RAN1#112 [4] and RAN1#112-bis-e [3].
	Agreement (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)
· Study the following options for SBFD-aware UEs:
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· 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
Agreement (RAN1#112):
Study at least the followings for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots:
· Whether/how to have separate resources 
· Whether/how to have separate FH parameters
· Whether/how to have separate UL power control parameters 
· Whether/how to have separate beam/spatial relation 

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 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.



Restricting the transmission/reception of signals/channels to either SBFD and non SBFD symbols is restrictive and affects the performance. E.g., if PUSCH repetition is allowed only in non-SBFD symbols then it severely impairs the UL coverage and also increases the latency. In another e.g., if periodic CSI-RS is allowed only in non-SBFD symbols then the gNB will get measurement corresponding to non-SBFD symbol alone, which is not sufficient to schedule UE in an SBFD symbol. Therefore, the transmission/reception of signals/channels should be allowed in both SBFD and non-SBFD symbols across slots. 
Observation 7: Restricting the transmission/reception of signals/channels to either SBFD and non SBFD symbols is restrictive and affects the performance, e.g., coverage.
Proposal 14: Support UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (Option 2).
The parameters of the transmission/reception (e.g., frequency resources, power control parameter) varies across SBFD and non-SBFD symbols and the variation should be informed to the UE. E.g., when CSI-RS resource overlaps with UL SB, priority is given to UL SB. Therefore, in non-SBFD symbols, the CSI-RS will be transmitted in frequency resources based on CSI-RS resource configuration whereas in SBFD symbols the CSI-RS is transmitted only in frequency resources outside UL SB. The UE should be aware of this pattern to adapt monitoring across SBFD and non-SBFD symbols. Similar is the case with grant free UL transmission. The gNB can explicitly indicate the variation in parameters across SBFD and non-SBFD symbols to the UE. E.g., gNB signals separate FDRA for the grant free UL transmission in SBFD and non-SBFD symbols. The explicit indication improves scheduling flexibility and is useful when the gNB adapt the transmission/reception based on priority of signals/channels. Also, it is helpful in case of dynamic SBFD where the frequency resources available for DL/UL changes across symbols. In case of semi-static SBFD, the FDRA configuration can be along with the RRC configuration for grant free transmission, whereas for dynamic SBFD, the gNB informs in DCI new FDRA along with transmission/reception configuration ID.  
Observation 8: Explicit indication of FDRA for SBFD and non SBFD slots improves scheduling flexibility, helps gNB to adapt transmission/reception based on priority of signals/channels and helps in implementing dynamic SBFD.
Proposal 15: gNB indicating to SBFD aware UE separate FDRA allocation for SBFD and non-SBFD slots is supported.
5.4 Signals/channels in SBFD and non-SBFD symbols within a slot
The following was agreed in RAN1#112-bis-e [3] regarding transmission/reception across SBFD and non-SBFD symbols within a slot.
	Agreement
Study whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, and whether a UE can transmit/receive in the occasion mapped to SBFD symbols and non-SBFD symbols including:
· Use-case(s) including the locations and number of switching points of the SBFD and non-SBFD symbols in the slot.
· Potential benefits if any
· Phase continuity
· Potential interruption of transmissions/receptions during transition
· Required guard time if any
· Potential impact on performance
· Impact on link adaptation, channel estimation, and other procedures
· UL transmission timing if any
· Implementation complexity
· Applicability for SBFD aware UE and non-SBFD aware UEs
· NOTE: There are more than one scenario where a transmission overlaps SBFD and non-SBFD symbols and some may or may not face the aspects listed above
· NOTE: This study doesn’t mean RAN1 agreement on a slot consisting of SBFD and non-SBFD symbols. 



The parameters used for transmission/reception will vary across SBFD and non-SBFD symbols. E.g., the frequency resources available for transmission and reception will be different in SBFD and non-SBFD symbols. Therefore, allowing transmission/reception of signals/channels in SBFD and non-SBFD symbols within a slot can lead to frequent switching between parameters, which may not be feasible at UE side. Further, leaving guard symbols to provide switching gap reduces resource utilization efficiency. Therefore, transmission/reception of signals/channels across SBFD and non-SBFD symbols within a slot should not be allowed. The 
Observation 9: Transmission/reception of signals/channels across SBFD and non-SBFD symbols within a slot leads to 
· frequent switch of parameters associated with transmission/reception.
· reduction in resource utilization due to guard symbols 
Proposal 16: Transmission/reception of signals/channels across SBFD and non-SBFD symbols within a slot is not supported
6. Enhancement for BWP configuration
Currently in NR, the gNB assigns BWPs to UEs in a UE specific way. Multiple BWPs are assigned to a UE in RRC out of which one BWP remains active for a UE at a given instant of time. The gNB can signal the UE to dynamically switch from one BWP to another BWP from the multiple BWPs assigned to the UE in RRC. If the BWP is switched, the UE follows the same TDD configuration that has been provided to it in RRC. However, for efficient SBFD operation, the gNB might need to dynamically change the TDD configuration at the UE along with the BWP switching. E.g., UE1 has active BWP1 when the gNB is operating in non-SBFD mode. Now, the gNB wants to operate in SBFD mode and for that purpose, it needs to switch the active BWP of UE1 to BWP2 with a new TDD configuration to accommodate other UEs with different TDD configurations within the same band. This new TDD configuration allows the gNB to efficiently operate SBFD in the network. Currently in NR, to do this, the gNB has to provide a new TDD configuration using RRC which is semi-static in nature. Instead, the gNB can provide multiple BWPs to the UE each associated with a different TDD configuration. Whenever the UE switches the active BWP, the UE uses the TDD configuration associated with the new active BWP. An example is shown in Fig. 3. In Fig. 3a, the DL/UL BWP pair is associated with the configuration DUUUUU while in Fig. 3b, he DL/UL BWP pair is associated with the configuration DDDDDU. The gNB has the flexibility to choose between the 2 configurations based on traffic requirements. Based on the above justification, the following is proposed.
Proposal 17:  gNB configuring separate TDD configuration for each BWP pair of the UE is supported.
[image: ]Fig. 3:  Different BWP pairs associated with different TDD configurations for the same UE

7. Collision handling
The following agreement was made in RAN1#110bis-e [5].

Agreement
Identify if there are any cases of time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE 
If there are, whether/how to avoid/handle such collision cases (as second step)


If BWP of a UE is overlapping with the subband for SBFD operation, then SBFD operation can create conflicts with signals configured for the UE in the overlapping portion. E.g., UE is scheduled to receive  PDSCH in slot n, which is indicated as SBFD active time resource, and the frequency resources scheduled for PDSCH overlaps with UL SB. In that case, the gNB is expected to perform either transmission of PDSCH in the scheduled resources or UL operation in the UL SB, creating a conflict. 

Observation 10: DL Signals/channels scheduled at the UE overlaps partially or fully with UL SB and SBFD active time resources creating conflicts.

The conflict resolution should consider various factors such as importance of the signals/channels creating the conflict, type of configuration/scheduling, etc. The gNB can indicate priority level for the SBFD configuration. E.g., if PRACH is configured in UL SB, then UL SB should be given priority over other DL signals. In that case the gNB indicates the SBFD active time resource overlapping with PRACH occasion as high priority to the UE, so that the UE skip any DL signal/channel overlapping with UL SB.  Further, the configuration of signals/channels to a UE can be done by higher layers or DCI. Similarly, the parameters of SBFD can be configured to the UE semi-statically or dynamically. The priority of signal/channel/parameter varies depending on the mechanism of scheduling/configuring. E.g., in 5G-NR specification, PDSCH scheduled by DCI overrides CSI-RS reception configured by higher layers. Therefore, the collision handling should consider scheduling mechanism of the colliding signal/channel and configuring mechanism of parameters of SBFD. Similarly, if dynamically indicated SBFD configuration conflicts with PDSCH scheduled semis-statically then the dynamic configuration should be prioritized. 

Observation 11: Consider the following factors for conflict resolution. 
· Priority of signals/channels creating conflict
· Type of configuration and scheduling

Proposal 18: gNB indicating priority for the SBFD configuration is supported.
Proposal 19: Dynamic configuration overriding semi-static configuration is supported.

8. Conclusion
The following observations and proposals are made in this contribution,
Observation 1: DL BWPs allocated to UEs overlaps partially or fully with the UL SB and creates unnecessary monitoring at the UE. 
Proposal 1: Indicating starting RB and number of RBs of the full UL SB to the SBFD aware UE is supported.
Proposal 2: Support DL operation outside DL SB in a semi-statically configured DL symbol based on scheduling type and priority of the signal.
Proposal 3: In case of semi-statically configured F symbols Alt 2 is supported. 
· A gNB can configure the symbol as SBFD symbol, Full DL symbol or full UL symbol.
· The UE operates according to the dynamic indication received from the gNB.
Observation 2: For explicit signalling of DL SB following observations are made:
· The size of DL SB changes across SBFD symbols when the DL operation is allowed outside DL SB, resulting in frequent updating of DL SB
· The size of DL SB will be higher compared to the guard band resulting in signalling overhead.
Proposal 4: Explicit signaling of guard band is supported
Proposal 5: When DL operation exceeds DL SB then Following is supported
· Implicit configuration of guard band, where the gNB takes care of the guard band while scheduling or using rate matching pattern.
· SBFD aware UE ignores the explicit guard band configured.
Observation 3: Following observations are made about time granularity of SBFD operation.
· Symbol level granularity for SBFD active time resource leads to signaling overhead and frequent switching.
· Slot level granularity impacts flexibility in configuring/scheduling and restricts activation of SBFD in case a few symbols of the slot are configured for high priority signals.
Proposal 6: Support time granularity of SBFD active time resource as resource type within a slot.
Proposal 7: Dynamic indication of the SBFD active time resource (time resources in which UL SB is active) to SBFD aware UE is supported. 
Proposal 8: Support periodic and aperiodic activation of SBFD operation
· Periodic configuration consists of starting time, duration, and periodicity.
· Aperiodic configuration comprises slot offset and duration.
Observation 4: In current specification, the SBFD operation is limited to F symbols configured by TDD_UL_DL_Config_common.

Proposal 9: TDD configurations provided by TDD_UL_DL_Config_dedicated overriding TDD configuration provided by TDD_UL_DL_Config_common is supported.
Observation 5: TDD configurations starting with UL slots/symbols improve flexibility of scheduling SBFD and allows efficient utilization of available bandwidth for SBFD.
Observation 5: TDD configurations starting with UL slots/symbols improve flexibility of scheduling SBFD and allows efficient utilization of available bandwidth for SBFD.

Proposal 10: TDD configurations starting with UL symbols are supported.
Observation 6: Specification should not restrict the gNB from configuring SBFD parameters in SSB symbol.
Proposal 11: SBFD configuration should be allowed in an SSB symbol (Option 2). 
· Priority is given to SSB and UE ignores SBFD configuration.
Proposal 12: For frequency resource allocation for CSI-RS, gNB configuring one contiguous CSI-RS resource allocation and UE deriving non-contiguous CSI-RS resource excluding UL SB is supported.
Proposal 13: For the CSI report configuration, following is supported
· One CSI-ReportConfig, associated with associated with one CSI-RS, both SBFD symbols and non-SBFD symbols 
· UE derive separate CSI reports for SBFD symbols or non-SBFD symbols
Observation 7: Restricting the transmission/reception of signals/channels to either SBFD and non SBFD symbols is restrictive and affects the performance, e.g., coverage.
Proposal 14: Support UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (Option 2).
Observation 8: Explicit indication of FDRA for SBFD and non SBFD slots improves scheduling flexibility, helps gNB to adapt transmission/reception based on priority of signals/channels and helps in implementing dynamic SBFD.
Proposal 15: gNB indicating to SBFD aware UE separate FDRA allocation for SBFD and non-SBFD slots is supported.
Observation 9: Transmission/reception of signals/channels across SBFD and non-SBFD symbols within a slot leads to 
· frequent switch of parameters associated with transmission/reception.
· reduction in resource utilization due to guard symbols 
Proposal 16: Transmission/reception of signals/channels across SBFD and non-SBFD symbols within a slot is not supported
Proposal 17:  gNB configuring separate TDD configuration for each BWP pair of the UE is supported.
Observation 10: DL Signals/channels scheduled at the UE overlaps partially or fully with UL SB and SBFD active time resources creating conflicts.
Observation 11: Consider the following factors for conflict resolution. 
· Priority of signals/channels creating conflict
· Type of configuration and scheduling

Proposal 18: gNB indicating priority for the SBFD configuration is supported.
Proposal 19: Dynamic configuration overriding semi-static configuration is supported.
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