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Introduction
In RAN #102 meeting, the work item “Evolution of NR duplex operation: Sub-band full duplex (SBFD)” [1] was approved including the following objectives:
	· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded
· [bookmark: _Hlk153407590]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· [bookmark: _Hlk157092729]Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol


In this contribution, we discuss potential enhancements on SBFD TX/RX/measurement procedures.
1. 
2. 
SBFD subband location indication
1. [bookmark: _Hlk157086697]
2. 
2.1. Semi-static indication of time location of SBFD subbands
[bookmark: _Hlk157086549]Based on the conclusion made in RAN1 #113, “Maximum of two transition points including one transition point from non-SBFD symbols to SBFD symbols and one transition point from SBFD symbols to non-SBFD symbols within a TDD UL/DL pattern period can be considered as a starting point where the transition point can be aligned with slot boundary or within a slot.”, the following design principles for semi-static indication of time location of SBFD subbands can be obtained:
1) Semi-static indication of SBFD symbols should associate to a TDD UL/DL pattern period;
2) Consecutive symbols within a TDD UL/DL pattern period are indicated as SBFD symbols.
[bookmark: _Hlk157088920]A straightforward implementation approach to indicate SBFD symbols is to keep the periodicity of SBFD subband consistent with that of tdd-UL-DL-ConfigurationCommon, e.g., P or P+P2, and referenceSubcarrierSpacing provided by tdd-UL-DL-ConfigurationCommon is also used as the reference SCS of SBFD subband. Furthermore, the configuration parameters of SBFD symbols in each TDD UL/DL pattern can include a first slot, a first symbol (in the first slot), a number of slots and an ending symbol (in the last slot).
[bookmark: _Hlk157602428]Proposal 1: For semi-static indication of time location of SBFD subbands,
· Time location of SBFD subbands can be configured as one parameter in tdd-UL-DL-ConfigurationCommon;
· Keep the periodicity of SBFD subband consistent with that of tdd-UL-DL-ConfigurationCommon, e.g. P or P+P2;
· referenceSubcarrierSpacing provided by tdd-UL-DL-ConfigurationCommon is also used as the reference SCS of SBFD subband;
· The parameters of SBFD symbols in each TDD UL/DL pattern can include a first slot, a first symbol, a number of slots and an ending symbol.
Once a flexible symbol indicated by TDD-UL-DL-ConfigCommon is configured as SBFD symbol, coexistence with the indication of TDD-UL-DL-ConfigDedicated and/or dynamic SFI without increasing the number of transition point within one TDD UL/DL pattern period needs to be discussed. The following options can be considered:
· [bookmark: _Hlk157593363]Option 1: A UE does not expect to receive TDD-UL-DL-ConfigDedicated and/or a DCI format 2_0 indicating a semi-statically configured SBFD symbol as uplink.
· It can also be described as a UE ignores the indication for semi-statically configured SFBD symbol(s) in TDD-UL-DL-ConfigDedicated and/or a DCI format 2_0.
· Option 2: TDD-UL-DL-ConfigDedicated and/or a DCI format 2_0 can indicate the last few consecutive semi-statically configured SBFD symbols within one TDD UL/DL pattern period as uplink, as shown in Figure 1, and these symbols are used as normal UL symbols.
For option 1, a flexible symbol configured as semi-static SBFD symbol cannot be used for wideband UL transmission, such restriction is too tightened. Therefore, we prefer option 2 for flexibility.


Figure 1. The last SBFD symbols within one TDD UL/DL pattern period can be indicated as uplink
Proposal 2: TDD-UL-DL-ConfigDedicated and/or a DCI format 2_0 can indicate the last few consecutive semi-static SBFD symbols within one TDD UL/DL pattern period as uplink, and these symbols are used as normal UL symbols.
2.2. [bookmark: _GoBack]Semi-static indication of frequency location of SBFD subbands
In order to avoid the serious interference from UL transmission within a UL subband to DL reception within the DL subband for the case where the SCS of UL subband and DL subband is different, it is expected that the SCS of the active DL BWP is same as that of active UL BWP if SBFD is configured to a UE.
Proposal 3: If SBFD is configured to a UE, it is expected that the SCS of the active DL BWP overlapping with UL subband is same as that of active UL BWP.
In RAN1 #110bis, it has been agreed that for semi-static configuration of subband frequency locations for SBFD operation, at least explicit indication of frequency location of UL subband is required. It is a straight-forward implementation that UL subband is indicated as one parameter in the configuration (e.g. SCS-SpecificCarrier) of the location and width of the actual UL carrier.
Proposal 4: For semi-static indication of frequency location of SBFD subbands, UL subband can be indicated as one parameter in the configuration (e.g. SCS-SpecificCarrier) of the location and width of the actual UL carrier. 
Furthermore, we do not prefer explicit indication of DL subband, because frequency-domain structure of SBFD can be {D1-U-D2}, {U, D} or {D, U}. It is not straight-forward and efficient in signaling overhead to explicitly indicate DL subbands, i.e. two separated IEs are needed to indicate DL subband(s). On the other hand, only one IE is needed to explicitly indicated guard band. Therefore, we support guard band is indicated explicitly, and it can be configured together with UL subband, e.g. in SCS-SpecificCarrier.
Proposal 5: For semi-static indication of frequency location of SBFD subbands, guard band is indicated explicitly. 
· Guard band can be configured together with UL subband, e.g. in SCS-SpecificCarrier.
[bookmark: _Hlk157092562]RAN1 has agreed that for semi-static configuration of subband frequency locations for SBFD operation, frequency location of UL/DL subband is with reference to CRB grid. Therefore, RIV configuration with reference to the CRB0 of the corresponding carrier and the same SCS as in the corresponding carrier should be used to indicate the frequency location of SBFD subbands.
Proposal 6: RIV configuration with reference to the CRB0 of the corresponding carrier and the same SCS as in the corresponding carrier should be used to indicate the frequency location of UL subband or guard band.
The configuration of UL/DL BWP and UL/DL subband should have sufficient flexibility, i.e. frequency resources of SBFD subbands may be within one active BWP or out of one active BWP. One example is shown in Figure 2, if BWP1 or BWP3 is activated, the available UL frequency resource is the intersection of active UL BWP and UL subband (below we use the terminology “actual UL subband” to represent the intersection of active BWP and configured UL subband for convenience); if BWP 2 is activated, there is no available UL frequency resource.
[bookmark: _Hlk157603426]Proposal 7: The available frequency resource in a SBFD symbol is the intersection of active UL/DL BWP and semi-static UL/DL subband (e.g. actual UL/DL subband).


Figure 2. One example of the configurations of UL/DL BWPs and UL/DL subband
Transmission, reception and measurement behaviors in SBFD subbands
3. 
3.1. Enhancement on resource allocation
PRG of PDSCH
The following agreements and conclusions were made during the study phase:
	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
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
Conclusion
For a PRG that overlaps with subband boundary, if the part of DL PRG inside the DL subband can be used, better scheduling flexibility and resource utilization can be achieved, however degraded channel estimation quality in the partial PRG is expected compared to a PRG due to limited RBs in the partial PRG.
· Note: UE complexity could increase if this feature is supported


The first issue to be studied for PDSCH PRG is whether partial PRG inside DL subband caused by unaligned boundaries between PRG and SBFD subbands is supported for precoder granularity of 2 and 4 PRBs. We support these partial PRBs can be supported and allocated to PDSCH transmission for better resource utilization. In addition, partial PRG already exists in the current NR specs, e.g. the first PRG and last PRG of the BWP, according to the PRG partition rules defined in TS 38.214. And the partial PRGs can be allocated for PDSCH transmissions based on the existing resource allocation mechanism. So it is preferred that for partial PRGs with size of 2 and 4 that overlaps with subband boundary, the PRBs inside the actual DL subband are considered for channel estimation and PRBs outside the actual DL subband are not used.
Proposal 8: For partial PRGs with size of 2 and 4 that overlaps with subband boundary, the PRBs inside the actual DL subband can be used for channel estimation while PRBs outside the actual DL subband cannot be used.
The second issue to be studied for PDSCH PRG is if wideband PRG is determined, whether non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated. We support to relax the restriction in current spec that “if PRG is determined as “wideband”, the UE is not expected to be scheduled with non-contiguous PRBs” and support of non-contiguous frequency resources across two actual DL subbands. For the precoding assumption within each actual DL subband, we suppose UE can assume the same precoding to be applied to the contiguous resources within one actual DL subband in order to achieve potential gain through joint channel estimation. For the precoding assumption across the two actual DL subbands, it can be further studies whether same or different precoders are assumed. 
Moreover, in the current NR spec, dynamic PRB bundling size indication is supported based on the PRB bundling size indicator in DCI and the scheduled PRBs, e.g., if the size of the scheduled PRBs is larger than /2, wideband precoder is applied, otherwise, PRG of size 2 or 4 is assumed. For the precoder size determination in SBFD symbols, it is proposed that the PRB bundling size should be determined based on the size of the scheduled PRBs and the actual DL subband size, instead of BWP size.
Proposal 9: If PRG is determined as wideband, support option 1: non-contiguous frequency resources across two actual DL subbands but contiguous frequency resource within each actual DL subband can be allocated. And UE assumes same precoding within each actual DL subband.
Proposal 10: RAN1 further studies the minimum PRB size for enabling wideband precoder.
RBG size
In current spec, frequency resource allocation range and RBG size are determined by active BWP size. However, when UL/DL subband is introduced, the effective UL/DL bandwidth available in the BWP may become smaller, which gives a chance to make the resource allocation granularity finer to improve resource utilization efficiency. Specifically, the RBG size can be determined based on the actual UL/DL subband size if the corresponding PDSCH/PUSCH transmission is scheduled in the SBFD symbols. While the FDRA field size is still determined based on the active BWP size to guarantee the DCI size is not varied among SBFD symbols and non-SBFD symbols.
Proposal 11: If a PDSCH/PUSCH is scheduled in SBFD symbols, RBG size is determined based on the actual UL/DL subband size, while the FDRA field size is still determined based on active BWP size.
TBS determination
According to current spec, TB size is determined by total RE number and transmission scheme of PDSCH, including code rate , modulation order  and transmission layer . Total RE number  is determined by RE number per RB and RB number , i.e..  However, with SBFD operation on gNB side, the PDSCH resource allocated to a UE (UE-A) may overlap with UL subband that is used for UL transmission of another UE (UE-B), therefore the PDSCH transmission for UE-A may not be able to use the RBs overlapping with the actual UL subband and the guard bands (if any) around the actual UL subband. Because the total size of actual UL subband and the guard band can be large enough to be comparable to resources allocated to PDSCH itself, the amount of RBs used to determine the TB size should not count the RBs overlapping with the actual UL subband and the guard bands (if any).
Proposal 12:  The amount of RBs used to determine the PDSCH TB size does not count the RBs overlapping with the actual UL subband and the guard bands (if any).	
Tx/Rx across SBFD and non-SBFD symbols within a slot
For whether a transmission/reception of a physical channel/signal can be mapped to SBFD symbol and non-SBFD symbol within a slot, the following agreement was made in the study phase:
	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.


Transmission/reception in SBFD symbol and non-SBFD symbol may employ different RF chain/antenna panel configuration, different transmission power and different filtering, so switching period is necessary between SBFD symbols and non-SBFD symbols, from the above perspective, we support each actual transmission/reception within a slot within one type of symbol, that is either all SBFD symbol or all non-SBFD symbol. 
For dynamic transmission/reception, it is easier to ensure that each transmission/reception within a slot has either all SBFD or all non-SBFD symbols by gNB reasonable schedule. For semi-static transmission/reception, transmission/reception in different periods may occur in different type of symbols, so it is not easy to always allocate transmission/reception in each period in either all SBFD symbols or all non-SBFD symbols. Taking 1-slot period CG as an example, CG PUSCH is inevitably allocated in a slot with DL, UL and Flexible symbol and PUSCH duration may consist of DL symbol with UL subband (SBFD-symbol) and UL symbol (non-SBFD symbol). And to avoid complex specification and implementation work, CG PUSCH including both SBFD-symbol and non-SBFD symbol can be dropped.
Proposal 13: Each actual transmission/reception within a slot has either all SBFD symbols or all non-SBFD symbols.
· Appropriate scheduling ensures the dynamic transmission/reception within a slot has either all SBFD symbols or all non-SBFD symbols.
· CG PUSCH/SPS PDSCH occasion overlapping with both SBFD-symbol and non-SBFD symbol is dropped.
3.2. Transmissions and receptions across SBFD symbols and non-SBFD symbols
For transmissions and receptions across SBFD symbols and non-SBFD symbols in different slots where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, the following agreements was made during the study phase:
	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.


Considering the different available resources in SBFD symbols and non-SBFD symbols, it is straightforward to allocate different frequency resources for transmission/reception in different symbol type. Option 2 needs to define new rate matching patterns to match SBFD subband pattern and may degrade the performance since the total size of actual UL subband and the guard band can be large enough to be comparable to resources allocated to PDSCH. In addition, there are no rate matching mechanism designed for PUSCH in the current NR spec. Taking the above into consideration, option 2 is not preferred. Option 3 may also degrade the transmission/reception performance since the channel/signal is dropped or postponed. Therefore, from the performance perspective, we support option 1. Among the three sub-options under option 1, option 1-1 require separate FDRA configuration/indication for SBFD slot and non-SBFD slot which may largely increase the required DCI size for dynamic scheduling and this may decrease the reliability for PDCCH detection. Option 1-2 needs to define extra rules to determine separate frequency resources based on single FDRA configuration/indication. One possible way is to separately interpret the single FDRA configuration/indication, e.g., interpret the FDRA configuration/indication with respective to the lowest PRB of actual UL/DL subband and BWP for SBFD slot and non SBFD slot respectively. This method is not flexible enough and is equivalent to introducing fixed RB offset between SBFD slot and non-SBFD slot. Option 1-3 needs to discuss whether the RB offset is fixed or can be dynamically signaled. If it is fixed, the outcome of option 1-3 is similar with option 1-2 and if it is the latter, it needs to be further studied the details of dynamic signaling. In order not to increase the required DCI size, we prefer to employ the existing field to indicate the RB offset. For example, since the FDRA field size is determined based on the BWP size while the effective size of actual UL/DL subband is expected to be smaller than the BWP size, the required bits for actual needed bit length for FDRA indication may be smaller than the FDRA field size, so the remaining bits can be used for indicating the RB offset.
Proposal 14: For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots, support option 1-3: single FDRA configuration/indication and RB offset(s), and the RB offset is dynamically indicated to UE via scheduling DCI by repurposing some bits in FDRA field.
For PDCCH, the following agreement was made during the study phase:
	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


In NR PDCCH design, the frequency resources for a CORESET are configured via a bitmap with 6RB granularity which seems feasible to avoid overlap with the actual UL subband. And NR supports multiple CORESET and search space set configuration which makes it possible for SBFD slot and non-SBFD slot to be associated with different search space and CORESET. For instance, gNB can configure one CORESET occupying full DL bandwidth and associates it to full DL symbols by search space set configuration and configure another CORESET occupying only DL subband and associates it to SBFD symbols. In such a case, the existing configuration seems to have sufficient flexibility for PDCCH monitoring across SBFD symbols and non-SBFD symbols.
Observation 1: The existing CORESET/search space configurations have sufficient flexibility for PDCCH monitoring across SBFD symbols and non-SBFD symbols.
For CSI report, the following agreement was made during the study phase:
	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.


According to the above agreement achieved in SI, it can be observed that option 1-1 and option 2-2 can be supported according to existing specification by appropriate gNB configuration while option 1-2 and option 2-1 needs additional specification effort. Furthermore, the mentioned additional indication or rules to determine valid CSI-RS based on symbol type seems unnecessary since for periodic/semi-persistent CSI resource it is not difficult to ensure one CSI-RS resource confined to one symbol type by configuration appropriate periodicity and slot offset.
Proposal 15: 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, support option 1-1 or option 2-2 with no additional specification work.
3.3. Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols
As to configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, the following agreement was made during the study phase:
	Agreement:
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 


In the current NR specification, single PUCCH configuration is applied to all the slots regardless of the slot/symbol type.  And in typical deployments, PUCCH is very likely to be configured at the edge of the BWP to avoid UL resource fragmentations and enable PUSCH transmission with large bandwidth and contiguous PRBs. If the above PUCCH configuration principle is followed, the different available UL resources in SBFD symbols and non-SBFD symbols would results in different frequency resources for PUCCH in different type of symbols. Considering this, separate configuration for PUCCH resources is preferred. Similar issue is observed for UL frequency hopping, so it is proposed to support separate FH parameters for SBFD symbols and non-SBFD symbols as well. 
In addition, different number of gNB antennas/panels may be deployed in SBFD symbols and non-SBFD symbols and different interference and UL link quality are observed in SBFD symbols and non-SBFD symbols, and hence different power/beam may be needed for the UL transmission. So it is preferred to have separate open-loop power control parameters and spatial relation info for SBFD symbols and non-SBFD symbols.
Proposal 16: Support separate configuration of PUCCH resources, frequency hopping parameters, open-loop power control parameters and spatial relation info for SBFD symbols and non-SBFD symbols.
In the current NR design, multiple PUCCH resources are configured by RRC signaling, including the symbol parameters, the RB parameters, the maxCoderate, the OCC parameters and so on. For dynamically scheduled PUCCH transmission, the PUCCH resource indicator (PRI) field in DCI together with the total UCI payload is used to determine a target PUCCH resource. Therefore, for a slot with mixed symbol type (with both SBFD symbols and non-SBFD symbols) indicated for a PUCCH transmission, it needs to be further studied which PUCCH configuration should be applied.
Proposal 17: If separate configuration of PUCCH resources for SBFD symbol and non-SBFD symbol, RAN1 further studies which configuration is applied for a slot with mixed symbol type (with both SBFD symbols and non-SBFD symbols).
3.4. Collision handling
The following agreement was made for collision handling:
	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)


During the study phase, the following four collision cases are discussed:
· Collision between dynamic UL transmissions and dynamic DL receptions
· Collision between semi-statically configured UL transmissions and semi-statically configured DL receptions 
· Collision between dynamic DL receptions and semi-statically configured UL transmissions 
· Collision between dynamic UL transmissions and semi-statically configured DL receptions 
Generally, we are supportive for collision case 3) and 4) and they can be solved with the principle that dynamic transmission/reception is prioritized over semi-static reception/transmission. For collision case 1), it can be easily avoided by gNB implementation via appropriate scheduling. For collision case 2), we suppose it can be either avoided by gNB configuration or by handling collisions of transmission/reception with the transmission direction of subbands. For example, in flexible symbols, the legacy mechanism can be reused that “For a set of symbols of a slot that are indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, the UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception by the UE in the set of symbols of the slot.” While in DL symbols with SBFD subband, it can be avoided by configuring semi-static UL transmissions in DL subband or configuring semi-static DL receptions in UL subband, in such a case, collision case 2) would not happen since it is already solved by handling of the transmission/reception collision with the transmission direction of its corresponding subband.
Proposal 18: The following collision cases can be avoided by appropriate gNB scheduling/configuration:
· Collision between dynamic UL transmissions and dynamic DL receptions
· Collision between semi-statically configured UL transmissions and semi-statically configured DL receptions 
Proposal 19: For the following collision cases, dynamic transmission/reception is prioritized over semi-static reception/transmission:
· Collision between dynamic DL receptions and semi-statically configured UL transmissions 
· Collision between dynamic UL transmissions and semi-statically configured DL receptions 
Conclusions
In this contribution, we discuss the potential enhancements on SBFD TX/RX/measurement procedures with the following observations and proposals:
Proposal 1: For semi-static indication of time location of SBFD subbands,
· Time location of SBFD subbands can be configured as one parameter in tdd-UL-DL-ConfigurationCommon;
· Keep the periodicity of SBFD subband consistent with that of tdd-UL-DL-ConfigurationCommon, e.g. P or P+P2;
· referenceSubcarrierSpacing provided by tdd-UL-DL-ConfigurationCommon is also used as the reference SCS of SBFD subband;
· The parameters of SBFD symbols in each TDD UL/DL pattern can include a first slot, a first symbol, a number of slots and an ending symbol.
Proposal 2: TDD-UL-DL-ConfigDedicated and/or a DCI format 2_0 can indicate the last few consecutive semi-static SBFD symbols within one TDD UL/DL pattern period as uplink, and these symbols are used as normal UL symbols.
Proposal 3: If SBFD is configured to a UE, it is expected that the SCS of the active DL BWP is same as that of active UL BWP.
Proposal 4: For semi-static indication of frequency location of SBFD subbands, UL subband can be indicated as one parameter in the configuration (e.g. SCS-SpecificCarrier) of the location and width of the actual UL carrier. 
Proposal 5: For semi-static indication of frequency location of SBFD subbands, guard band is indicated explicitly. 
· Guard band can be configured together with UL subband, e.g. in SCS-SpecificCarrier.
Proposal 6: RIV configuration with reference to the CRB0 of the corresponding carrier and the same SCS as in the corresponding carrier should be used to indicate the frequency location of UL subband or guard band.
Proposal 7: The available frequency resource in a SBFD symbol is the intersection of active UL/DL BWP and semi-static UL/DL subband (e.g. actual UL/DL subband).
Proposal 8: For partial PRGs with size of 2 and 4 that overlaps with subband boundary, the PRBs inside the actual DL subband can be used for channel estimation while PRBs outside the actual DL subband cannot be used.
Proposal 9: If PRG is determined as wideband, support option 1: non-contiguous frequency resources across two actual DL subbands but contiguous frequency resource within each actual DL subband can be allocated. And UE assumes same precoding within each actual DL subband.
Proposal 10: RAN1 further studies the minimum PRB size for enabling wideband precoder.
Proposal 11: If a PDSCH/PUSCH is scheduled in SBFD symbols, RBG size is determined based on the actual UL/DL subband size, while the FDRA field size is still determined based on active BWP size.
Proposal 12:  The amount of RBs used to determine the PDSCH TB size does not count the RBs overlapping with the actual UL subband and the guard bands (if any).	
Proposal 13: Each actual transmission/reception within a slot has either all SBFD symbols or all non-SBFD symbols.
· Appropriate scheduling ensures the dynamic transmission/reception within a slot has either all SBFD symbols or all non-SBFD symbols.
· CG PUSCH/SPS PDSCH occasion overlapping with both SBFD-symbol and non-SBFD symbol is dropped.
Proposal 14: For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots, support option 1-3: single FDRA configuration/indication and RB offset(s), and the RB offset is dynamically indicated to UE via scheduling DCI by repurposing some bits in FDRA field.
Observation 1: The existing CORESET/search space configurations have sufficient flexibility for PDCCH monitoring across SBFD symbols and non-SBFD symbols.
Proposal 15: 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, support option 1-1 or option 2-2 with no additional specification work.
Proposal 16: Support separate configuration of PUCCH resources, frequency hopping parameters, open-loop power control parameters and spatial relation info for SBFD symbols and non-SBFD symbols.
Proposal 17: If separate configuration of PUCCH resources for SBFD symbol and non-SBFD symbol, RAN1 further studies which configuration is applied for a slot with mixed symbol type (with both SBFD symbols and non-SBFD symbols).
Proposal 18: The following collision cases can be avoided by appropriate gNB scheduling/configuration:
· Collision between dynamic UL transmissions and dynamic DL receptions
· Collision between semi-statically configured UL transmissions and semi-statically configured DL receptions 
Proposal 19: For the following collision cases, dynamic transmission/reception is prioritized over semi-static reception/transmission:
· Collision between dynamic DL receptions and semi-statically configured UL transmissions 
· Collision between dynamic UL transmissions and semi-statically configured DL receptions 
References
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