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Introduction
In the previous RAN1#113 meeting, the following conclusions and agreements were made on subband non-overlapping full duplex (SBFD) [1].
	Conclusion at RAN1#113:
At least for semi-static SBFD, in order to avoid frequent switching between SBFD and non-SBFD symbols, potential limitation on the maximum number of switching transition points between SBFD and non-SBFD symbols can be considered from SBFD subband configuration perspective. Maximum of two switching transition points including one switching transition point from non-SBFD symbols to SBFD symbols and one switching 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 switching transition point can be aligned with slot boundary or within a slot.
· (Agreement) The usage of ‘switching point’ in previous conclusions/agreements are revised to ‘transition point’
A guard period between SBFD and non-SBFD symbols may or may not be required at gNB and/or UE side depending on gNB/UE implementation and/or SBFD operation.
Agreement at RAN1#113:
For the three methods agreed to be studied for UE-to-UE CLI-RSSI measurement/report across downlink subbands, the following observations are agreed.
· Method #1 allows flexible configuration of measurement reporting in one DL subband or two DL subbands but it consumes multiple CLI-RSSI measurement resources from the UE capability budget. 
· Method #2 restricts gNB configuration flexibility and does not account for whether or not the CLI is asymmetric across two DL subbands. This method does not consume multiple CLI-RSSI measurement resources from UE capability point of view.
· Method #3 requires additional specification efforts to support non-contiguous CLI-RSSI resource allocation across downlink subbands. This method is similar to non-contiguous CSI-RS resource allocation. A single CLI-RSSI report based on non-contiguous CLI-RSSI resource may be sufficient. This method does not consume multiple CLI-RSSI measurement resources from UE capability point of view. 
Note: Above does not imply whether L1 or L2 based measurement is supported.
Conclusion at RAN1#113:
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
Agreement at RAN1#113:
An UL subband can be configured in an SSB symbol.
· Note: It is SSB from serving cell perspective, which can be CD-SSB or NCD-SSB.
· Whether actual UL transmission can be done is for further discussion
Agreement at RAN1#113:
The following conclusion is to be captured in the TR
If PRG is determined as wideband, better scheduling flexibility and higher DL data rate can be achieved if non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated. 
Compared to the case that PRG is determined as wideband and only contiguous frequency resources can be allocated, non-contiguous frequency resources across two DL subbands requires UE to handle two non- contiguous segments of contiguous RBs that may increase UE complexity for channel estimation.
Agreement at RAN1#113:
The following conclusion is to be captured in the TR
gNB can configure a CORESET and a search space in a way such that the MOs of the search space occur in either SBFD or non-SBFD symbols, or the MOs of the search space occur in both SBFD and non-SBFD symbols but the associated CORESET does not overlap the boundary of a DL subband in SBFD symbols.
If it is agreed to be beneficial that a CORESET and a search space are configured that the MOs of the search space occur in both SBFD and non-SBFD symbols and the associated CORESET overlaps the boundary of a DL subband in SBFD symbols, at least the following options can be considered 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: These options are applicable to at least USS. 
Agreement at RAN1#113:
The following conclusion is to be captured in the TR
· For the methods agreed to be studied for inter-UE inter-subband CLI measurement, Method #2 and Method #3 can be used for identifying the aggressor UE(s) if orthogonal resources are allocated for different aggressor UE(s); and Method #2 and #3 can at least provide higher interference signal strength than inter-subband interference leakage based measurements in Method #1. Furthermore, such measurement is not subject to inter-cell DL interference.
· It is feasible for UE to measure RSRP/RSSI within UL subband if within active DL BWP and receive DL in DL subband(s) simultaneously similar as simultaneous RSRP/RSSI measurement and DL reception in Rel-16.
· The existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband when UL subband is confined within active DL BWP.
Agreement at RAN1#113:
The following conclusion is to be captured in the TR
If SBFD-aware UEs are not allowed to transmit in the SSB symbol but is allowed to receive within the DL BWP in the SSB symbol, negative impact on SSB detection and measurement can be avoided but UL performance may be degraded due to fewer UL opportunities.
If SBFD-aware UE is allowed to transmit in the SSB symbol, the UE may only transmit UL in an UL subband depending on gNB scheduling, configuration, UE measurement or priority rule. There may be negative impact on SSB detection and measurement if the SBFD-aware UE is requested to transmit in the SSB symbol.
Agreement at RAN1#113:
The following conclusion is to be captured in the TR
For a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot if any, the following options for UE transmission/reception can be considered in the normative stage
· Option 1: UE does not transmit or receive the physical channel/signal within the slot.
· Option 2: UE can transmit or receive the physical channel/signal within the slot only under certain conditions.
· The conditions may depend on at least the following: whether or not phase continuity can be maintained across SBFD and non-SBFD symbols, whether or not there are same or different transmission/reception parameters e.g. power control, spatial/QCL, UL timing etc. applied in SBFD and non-SBFD symbols, and whether or not there is a guard period between the SBFD and non-SBFD symbols, etc.
· Other options are not precluded
Agreement at RAN1#113:
The following conclusion is to be captured in the TR
For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, it may be beneficial to have separate resources, FH parameters, UL power control parameters and/or beam/spatial relation.


In this contribution, we provide our views on subband non-overlapping full duplex.
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Semi-static configuration of SBFD subbands
In the RAN1#112b-e meeting, two viable solutions were agreed for frequency location configuration of DL subband(s) and guardband(s). We provide our views on those two options.
With Option 2, the number of RBs of guardband(s) is explicitly configured, then DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s). By considering that a SBFD-aware UE does not transmit or receive on the guardband(s) that the UE is aware of, RBs explicitly configured as guardband(s) cannot be used for neither DL reception nor UL transmission. Therefore, cell-level throughput would be impacted if many RBs are semi-statically configured for guardband(s). On the contrary, more RBs can be utilized for DL reception or UL transmission with Option 1 since guardband(s) are implicitly derived as the RBs excluding semi-statically configured UL subband or DL subband(s). Based on the discussion and output in the previous RAN1 meetings, the concept of ‘flexible RB’ is possible that can be used for both DL reception and UL transmission, i.e., RBs not included in UL subband, DL subband(s), and guardband(s). Thus, not all the RBs excluding semi-statically configured for UL subband and DL subband(s) can be determined as guardband(s), and at least RBs not determined as guardband(s) still can be utilized for DL reception or UL transmission by a gNB scheduling. In addition, it was not agreed yet whether to define guardband(s) or not from the perspective of RAN1. In other words, Option 2 is the viable option only if the RAN1 agrees to specify guardband(s). Otherwise, Option 1 is only the viable option because frequency locations of DL subbnad(s) should be known to the SBFD-aware UE.
Signaling details can be further studied for semi-static configuration of SBFD subbands with Option 1, i.e., explicit configuration of frequency locations of UL subband and DL subband(s). Similar to BWP configuration, RIV method can be considered to configure contiguous number of RBs with starting RB index. Then, RIV values for each subband, i.e., RIV#1 for UL subband, RIV#2 for 1st DL subband, and RIV#3 for 2nd DL subband are needed to be signaled to UE. However, it can be quite inefficient since if SBFD operation is supported before RRC connection, frequency locations of UL subband and DL subband(s) are needed to be included in SIB1, which has limited size of bit field. To address this, enhanced RIV method can be further studied. For example, single RIV value includes joint coded value of two lengths of DL subband and UL subband if the UL subband is located at one side of the carrier (i.e., DU or UD). Because both UL subband and DL subband are located at the edge of the carrier, starting RB indexes of UL subband and DL subband can be implicitly derived if a SBFD-aware UE is configured one of DU or UD in a cell. If the UL subband is located at the middle part of the carrier (i.e., DUD), two RIV values can be configured. The 1st RIV value includes joint coded values of starting and length of UL subband, and the 2nd RIV value includes joint coded values of two lengths of DL subbands. In this case, starting RB indexes of DL subbands can be implicitly derived since two DL subbands are located at the edge of the carrier, respectively.
· Proposal 1: For semi-static SBFD operation, frequency locations of DL subband(s) are explicitly configured, and guardband(s) are implicitly derived as the RBs which are not within UL subband or DL subband(s) in terms of efficient resource utilization.
· FFS: signaling details by considering signaling overhead.
SBFD operation in DL symbols via TDD-UL-DL-ConfigCommon
In the RAN1#112 meeting, an agreement was made on whether to allow or not DL receptions outside semi-statically configured DL subband(s) in a symbol configured as DL via TDD-UL-DL-ConfigCommon for a SBFD-aware UE. We provide our views on this issue.
The main motivation to allow DL receptions outside DL subband(s) is to reflect dynamic and variable traffics for DL transmission. With Option 1, DL reception is confined within DL subband(s) since DL/UL subbands are not changed once semi-statically configured for the SBFD-aware UE. Regarding that the target of SBFD operation is to further enhance UL performance (coverage, latency, and capacity) by allocating more UL resources in DL and flexible symbols, only limited resources can be used for DL reception by semi-static SBFD configuration. Thus, DL throughput in a cell would be reduced. For this, DL receptions outside DL subband(s) can be allowed, i.e., Option 2.
With Option 2, how to allow DL receptions outside DL subband(s) can be further discussed. For example, if DL traffic is increased for a UE operating with SBFD, a gNB dynamically indicates SBFD-aware UE to receive PDSCH via DCI format 1_0, 1_1, or 1_2 across DL subband(s) and UL subband by utilizing more RBs for DL reception (implicit method). Otherwise, the SBFD-aware UE can be indicated to convert from SBFD symbol to DL-only symbol (explicit method).
Comparison between the two methods is shown in Figure 1. Figure 1-(a) is the implicit method (i.e., via gNB scheduling) for DL reception outside DL subband(s) and Figure 1-(b) is the explicit method (i.e., via symbol conversion) for DL reception outside DL subband(s).
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Figure 1. Comparison between implicit and explicit method for DL reception outside DL subband(s).
[bookmark: _Hlk127577140]In Figure 1-(a), a gNB cannot schedule PDSCH for UE#1 due to resource collision with CG-PUSCH for UE#2 in slot#n. On the other hand, the gNB can schedule PDSCH for UE#1 in slot#n by explicitly converting SBFD symbol to DL-only symbol. In this case, CG-PUSCH for UE#2 in the slot#n is cancelled according to legacy UE behavior in DL symbol by explicit method. When considering that motivation of DL reception outside DL subband(s) is to reflect dynamically increased DL traffic, explicit method is more likely to schedule DL reception instantly with more RBs in the same symbol than implicit method for DL reception outside DL subband(s).
· [bookmark: _Hlk127473225]Observation 1: Explicit method (dynamic SBFD by non-scheduling DCI) to allow DL reception outside DL subband(s) has more occasions in time domain to schedule DL reception than implicit method (dynamic SBFD by scheduling DCI) for DL reception outside DL subband(s).
To allow DL reception outside DL subband(s) via explicit method, dynamic SFI can be reused for the SBFD-aware UE. Note that DL symbol configured by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDeicated can be indicated as DL, while flexible symbol not configured by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDeicated can be indicated as DL, UL, or flexible.
Regarding that the dynamic SFI is transmitted via GC (group-common) PDCCH including DCI format 2_0 with CRC scrambled by SFI-RNTI, both SBFD-aware UE and non-SBFD-aware UE can be configured to monitor GC-PDCCH with the same SFI-RNTI value in a given cell. Impact and potential enhancement on dynamic SFI can be further studied by considering the co-existence of SBFD-aware UE and non-SBFD-aware UE in a given cell and the case of dynamic SFI detection/non-detection from the UE’s point of view. For example, if the SBFD-aware UE does not detect a dynamic SFI, the SBFD-aware UE transmits PUSCH indicated by DCI, while the SBFD-aware UE does not transmit PUSCH configured by higher layer.
Based on above discussion, we propose to allow DL receptions outside semi-statically configured DL subband(s), i.e., Option 2 for SBFD operation in a symbol configured as DL in TDD-UL-DL-ConfigCommon.
· [bookmark: _Hlk127485039]Proposal 2: DL receptions outside semi-statically configured DL subband(s) are allowed (Option 2) for SBFD operation in a symbol configured as DL in TDD-UL-DL-ConfigCommon.
· SBFD-aware UE can be indicated with explicit method (dynamic SBFD by non-scheduling DCI) to allow DL reception outside DL subband(s) via dynamic SFI.
· FFS: Impact and potential enhancement on dynamic SFI for the co-existence of SBFD-aware UE and non-SBFD-aware UE in a given cell.
· FFS: Impact and potential enhancement on UE behaviors in case of SFI detection/non-detection point of view.
SBFD operation in flexible symbols via TDD-UL-DL-ConfigCommon
In the RAN1#112 meeting, an agreement was made on whether to allow or not DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband in a symbol configured as flexible via TDD-UL-DL-ConfigCommon for a SBFD-aware UE. We provide our views on this issue.
As discussed above, we propose to allow DL receptions outside DL subband(s) in a symbol configured as flexible via TDD-UL-DL-ConfigCommon for a SBFD-aware UE to reflect dynamic and variable traffics for DL transmission, i.e., Option 2 or Option 3.
· Proposal 3: DL receptions outside semi-statically configured DL subband(s) are allowed (Option 2 or Option 3) for SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon.
· SBFD-aware UE can be indicated with explicit method (dynamic SBFD by non-scheduling DCI) to allow DL reception outside DL subband(s) via dynamic SFI.
· FFS: Impact and potential enhancement on dynamic SFI for the co-existence of SBFD-aware UE and non-SBFD-aware UE in a given cell.
· FFS: Impact and potential enhancement on UE behaviors in case of SFI detection/non-detection point of view.
Between Option 2 and Option 3, we propose to study Option 3. Thus, UL transmissions outside UL subband are allowed. However, the operation such as UL transmissions within DL subband(s) or UL-only symbol conversion seems not to be proper SBFD operation since additional UL resources are already allocated via UL subband, which was originally configured as DL or flexible symbol.
Instead, UL transmissions outside UL subband can occur in RBs outside the UL subband, but not in the DL subband(s) or guardband(s). RBs outside UL subband in a symbol configured as flexible in TDD-UL-DL-ConfigCommon can be used as either UL, or DL excluding guardband(s) according to the Option 2 in the agreement at RAN1#111 meeting as following:
	Agreement at RAN1#111:
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study the following options for SBFD aware UEs,
Option 1: 
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· FFS: Whether DL receptions outside DL subband(s) are allowed or not in the symbol
Option 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol for both options. For all RBs outside the UL subband, UE cannot use separate RBs for DL and UL simultaneously


Those RBs are not belonging to any type of subband, i.e., UL subband, DL subband(s), or guardband(s). Regarding that those RBs are in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the SBFD-aware UE can still regard those RBs in flexible symbol as the flexible symbol. Therefore, the SBFD-aware UE can follow legacy UE behavior in the RBs outside the UL subband in the flexible symbol. For example, if the SBFD-aware UE does not detect a dynamic SFI, the SBFD-aware UE transmits PUSCH indicated dynamically by DCI, while the SBFD-aware UE does not transmit PUSCH configured by higher layer.
· Proposal 4: UL transmissions outside semi-statically configured UL subband are allowed (Option 3) for SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon.
· Proposal 5: In the RBs outside UL subband for SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, SBFD-aware UE follows legacy UE behavior in a symbol configured as flexible in TDD-UL-DL-ConfigCommon.
With SBFD operation, a symbol can be divided into different link directions, i.e., UL subband and DL subband(s). Although a gNB performs full duplex in a SBFD symbol over non-overlapping RBs, UL reception in RBs close to RBs for DL transmission can create gNB self-interference. Also, UL-to-DL inter-UE/inter-subband CLI can be occurred.
To address those interference issues, guardband(s) can be placed between UL subband and DL subband(s). The size of guardband(s) can be variable according to interference level and the number of RBs in UL subband. Since RBs in guardband(s) cannot be used for scheduling, cell-level throughput would be impacted if many RBs are used for guardband(s). 
For this reason, fixed size of guardband(s) can be used for SBFD operation. It can be determined with the minimum number of RBs to protect the gNB from the self-interference and inter-UE CLI among UEs. The minimum fixed size of guardband(s) can be determined based on the RAN4 study. RBs in the minimum fixed size of guardband(s) are not used for DL/UL transmission by scheduling. 
In addition to the minimum fixed size of guardband(s), RBs in UL subband or DL subband(s) can be used for additional guardband(s) according to the interference status and/or dynamic traffic changes. It can depend on the gNB’s implementation to schedule DL reception or UL transmission in RBs outside guardband(s). With the minimum fixed size of guardband(s) and additional flexible guardband(s), cell-level throughput is less affected than allocating too many RBs on the fixed guardband(s).
Based on the previous agreements, the frequency location of UL subband and DL subband(s) are known to a SBFD-aware UE. Then, the location of guardband(s) seems to be determined implicitly without additional signalling. However, if RBs outside UL subband can be used as either UL or DL, determination of guardband(s) location is needed since DL receptions and UL transmission are not confined within DL/UL subbands. Three cases are shown in Figure 2, and can be listed as follows:
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Figure 2. Potential cases to determine location of guardband(s).
Case 1: Both DL receptions outside DL subband(s) and UL transmissions outside UL subband are not allowed.
As shown in Figure 2-(a), no RBs outside UL subband can be used either UL or DL. Thus, the number of RBs for fixed guardband(s) can be located between UL subband and DL subband(s). Note that this case is also applicable for SBFD operation in DL symbols via TDD-UL-DL-ConfigCommon. 
Case 2: DL receptions outside DL subband(s) are allowed and UL transmissions outside UL subband are not allowed.
In this case, the number of RBs adjacent to UL subband can be determined as fixed guardband(s) as shown in Figure 2-(b). Thus, more RBs other than RBs within DL subband(s) can be used for DL receptions excluding guardband(s).
Case 3: Both DL receptions outside DL subband(s) and UL transmissions outside UL subband are allowed.
In this case, the number of RBs adjacent to DL subband can be determined as fixed guardband(s) as shown in Figure 2-(c). Although RBs outside UL subband can be used as either UL or DL, a SBFD-aware UE can determine the fixed guardband(s) adjacent to the DL subband(s). Regarding that the objective of SBFD operation is to enhance UL performance (coverage, latency, and capacity), more RBs other than RBs within UL subband can be used for UL transmission excluding guardband(s).
· Proposal 6: SBFD-aware UE can know the frequency size of fixed guardband(s) based on knowledge of the frequency location of UL subband and DL subband(s).
· If both DL receptions outside DL subband(s) and UL transmission outside UL subband are not allowed, the fixed guardband(s) is located between DL subband(s) and UL subband.
· If DL receptions outside DL subband(s) are allowed and UL transmissions outside UL subband are not allowed, the fixed guardband(s) is located adjacent to UL subband.
· If both DL receptions outside DL subband(s) and UL transmission outside UL subband are allowed, the fixed guardband(s) is located adjacent to DL subband(s).
SBFD operation in SSB symbols
In the previous RAN1#113 meeting, it was agreed that an UL subband can be configured in a SSB symbol, which can be CD-SSB or NCD-SSB, while whether actual UL transmission can happen or not is remained for further discussion. We provide our view on this remaining issue.
In our view, UE behaviors can be differentiated according to the UL scheduling type, i.e., UL transmission configured by higher layer or indicated by DCI. For example, a SBFD-aware UE does not expect to be indicated to transmit PUSCH by DCI in a symbol configured for SSB. Thus, a gNB may not dynamically indicate the UE to transmit UL signal/channel in symbols for SSB. If the UE is configured to transmit PUSCH by higher layer in a symbol configured for SSB, PUSCH can be transmitted by rate-matching around symbols of SSB and DL-to-UL switching gap. Thus, both SSB reception and PUSCH transmission can be performed in different symbols. Because the rate-matching is not supported for PUSCH in current specification, Rel-15’s RB-level PDSCH rate matching can be a baseline to study. In addition to UL scheduling type, SSB type also can be considered for different UE behaviors on overlapped symbols. At least in symbols of SSB by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon, any UL transmission should not be allowed since that SSB is cell-commonly configured for DL synchronization and system information acquisition. Regarding the UE can be configured to measure SSB within SMTC window, which has periodicity and duration configured by ssb-ToMeasure, UL transmission can be quite restricted by considering all configured SSB receptions/measurements. In this case, DCI indicated PUSCH transmission can be prioritized over SSB configured by SMTC in those symbols. Thus, the gNB can dynamically indicate UE to prioritize PUSCH transmission than SSB measurement. Meanwhile, higher layer configured PUSCH transmission can be rate-matched around symbols of SSB configured by SMTC and DL-to-UL switching gap. Note that restriction of UL transmission in symbols of SSB by ssb-PositionsInBurst with different cell PCI associated with active TCI states for PDCCH or PDSCH was specified for inter-cell beam management in Rel-17 feMIMO in addition to SSB by ssb-PositionsInBurst with serving cell PCI. In this case, DCI indicated PUSCH transmission can be prioritized over SSB configured by ssb-PositionsInBurst with different cell PCI not associated with active TCI state in the symbols. Similar with the case of SSB configured by SMTC, the gNB can dynamically indicate UE to prioritize PUSCH transmission over SSB with different cell PCI not associated with active TCI state. In symbols of SSB with different cell PCI associated with active TCI state, SSB reception can be prioritized for inter-cell beam management. Meanwhile, higher layer configured PUSCH transmission can be rate-matched around symbols of SSB with different cell PCI associated with active TCI state, and DL-to-UL switching gap.
· [bookmark: _Hlk142645323]Proposal 7: Actual UL transmission within UL subband configured in SSB symbols is allowed or not according to UL scheduling type and SSB type in a symbol overlapped between UL transmission and SSB reception/measurement.
· E.g., Any UL transmission is not allowed in symbols of SSB by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon.
· [bookmark: _Hlk142645284]E.g., DCI indicated PUSCH transmission is allowed in symbols of SSB by ssb-ToMeasure or SSB by ssb-PositionsInBurst in SSB-MTCAdditionalPCI not associated to physical cell ID with active TCI states for PDCCH or PDSCH.
· [bookmark: _Hlk142645298]E.g., Higher layer configured PUSCH transmission is allowed by rate-matching around symbols of SSB by ssb-ToMeasure or SSB by ssb-PositionsInBurst in SSB-MTCAdditionalPCI associated to physical cell ID with active TCI states for PDCCH or PDSCH, and symbols of DL-to-UL switching gap.
Impact and potential enhancements for UL transmissions and DL receptions
In the RAN1#109-e meeting, it was agreed to study the impact and potential enhancements to resource allocation for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols. We provide our views on impact and potential enhancements to transmissions and receptions for subband non-overlapping full duplex operation.
1.1.1 Unaligned boundaries between RBG/PRG/CSI reporting subband and SBFD subband
In the RAN1#111 meeting, the agreement was made to study the impact and benefits of potential enhancements to resource allocation in frequency domain considering unaligned boundaries between resource block group(s)/reporting subband(s), and SBFD subbands.
RBG for PDSCH FDRA Type 0
In the RAN1#112b-e meeting, it was agreed to use part of the DL RBG (UL RBG) inside the DL subband (UL subband). We provide our views for PDSCH reception on part of the DL RBG inside the DL subband.
[image: ]
Figure 3. PDSCH FDRA type 0 with {D-U-D} subband frequency pattern.
[bookmark: _Hlk131794927]In Figure 3, a UE is configured with DL BWP size as 275 PRBs (100MHz with 30kHz SCS) and allocated with DL subbands as 110 PRBs (40MHz) and UL subband as 55 PRBs (20MHz). In this case, the UE determines P = 16 regardless of RBG-Size configured from gNB. Then, RBG 6-10, which overlap with UL subband cannot be used for PDSCH FDRA for SBFD-aware UE. Especially, PRB 96-109 of RBG 6 and PRB 165-175 of RBG 10 cannot be used even though such PRBs are included in DL subbands.
That part of the DL RBG inside the DL subband, i.e., PRB 96-109 of RBG 6 and PRB 165-175 of RBG 10 can be used for PDSCH reception by reusing PDSCH rate matching mechanism, i.e., a UE shall assume that PRBs in UL subband (and guard band, if specified) are not available for PDSCH reception. In other words, a SBFD-aware UE shall assume that PDSCH is rate matched around the PRBs in UL subband. Since the frequency location of UL subband and DL subband(s) is known to a SBFD-aware UE, there is no ambiguity on PRBs in UL subband between gNB and the SBFD-aware UE. Therefore, the part of the DL RBG inside DL subband can be used without enhancement on FDRA type 0, i.e., reusing configuration granularity of RBG for PDSCH FDRA Type 0. This approach has less specification impact and it’s worth noting that FDRA type 1 can be also reused to allocate PDSCH across non-contiguous DL subbands via PDSCH rate matching mechanism.
· Proposal 8: RAN1 to study Option 1 by reusing PDSCH rate matching mechanism to address unaligned boundaries of DL/UL subband and configuration granularity of RBG for PDSCH FDRA (i.e., FDRA type 0) in terms of specification impact.
[bookmark: _Hlk118714146]In the RAN1#112 meeting, it was agreed to further study whether the part of DL RBG (UL RBG) outside DL subband (UL subband). In our view, the part of the DL RBG (UL RBG) outside DL subband(s) (UL subband) can be used for DL reception (UL transmission) or guardband(s) based on whether to allow DL receptions outside DL subband(s) and UL transmissions outside UL subband in flexible symbols via TDD-UL-DL-ConfigCommon. As we discussed above, three cases can be listed as follows:
Case 1: Both DL receptions outside DL subband(s) and UL transmissions outside UL subband are not allowed.
In this case, no RBs outside UL subband can be used either UL or DL. Thus, the part of DL RBG (UL RBG) outside DL subband(s) (UL subband) only can be used for additional guardband(s) in addition to fixed guardband(s).
Case 2: DL receptions outside DL subband(s) are allowed and UL transmissions outside UL subband are not allowed.
In this case, RBs excluding guardband(s) in the part of DL RBG outside DL subband(s) can be used for DL receptions. Since the number of RBs close to UL subband can be determined as fixed guardband(s), the part of UL RBG outside UL subband can be used for additional guardband(s) in addition to fixed guardband(s), while RBs excluding guardband(s) can be used for DL receptions excluding fixed guardband(s) adjacent to UL subband.
Case 3: Both DL receptions outside DL subband(s) and UL transmissions outside UL subband are allowed.
In this case, since the number of RBs close to DL subband can be determined as fixed guardband(s), the part of DL RBG outside DL subband(s) only can be used for additional guardband(s) in addition to fixed guardband(s). The part of UL RBG outside UL subband can be used for UL transmission excluding fixed guardband(s) adjacent to DL subband(s).
· Proposal 9: The part of the DL RBG (UL RBG) outside DL subband(s) (UL subband) can be used for DL reception (UL transmission) or guardband(s) based on whether to allow DL receptions outside DL subband(s) and UL transmissions outside UL subband in flexible symbols via TDD-UL-DL-ConfigCommon.
· If both DL receptions outside DL subband(s) and UL transmission outside UL subband are not allowed, the part of DL RBG (UL RBG) outside DL subband(s) (UL subband) can be used for additional guardband(s) in addition to fixed guardband(s).
· If DL receptions outside DL subband(s) are allowed and UL transmissions outside UL subband are not allowed, the part of DL RBG outside DL subband(s) can be used for DL receptions excluding fixed guardband(s) adjacent to UL subband.
· The part of UL RBG outside UL subband can be used for additional guardband(s) in addition to fixed guardband(s).
· If both DL receptions outside DL subband(s) and UL transmission outside UL subband are allowed, the part of DL RBG outside DL subband(s) can be used for additional guardband(s) in addition to fixed guardband(s).
· The part of UL RBG outside UL subband can be used for UL transmission excluding fixed guardband(s) adjacent to DL subband(s).
PRG for PDSCH
In the RAN1#112 meeting, it was agreed to study PRG(s) with size of 2 and 4 that overlaps with subband boundaries. In the current specification, a PRG can be consisted of less than configured size of 2 or 4 consecutive PRBs according to the texts from TS 38.214 V17.6.0 [2] as follows.
	5.1	UE procedure for receiving the physical downlink shared channel
5.1.2.3	Physical resource block (PRB) bundling
…



If  is determined as one of the values among {2, 4}, Precoding Resource Block Group (PRGs) partitions the bandwidth part i with  consecutive PRBs. Actual number of consecutive PRBs in each PRG could be one or more. 


According to the specification, the actual number of consecutive PRBs in each PRG could be one or more. Thus, it can be reused on SBFD operation by excluding PRBs within UL subband and guadband(s) for actual number of consecutive PRBs in each PRB.
· Observation 2: Actual number of consecutive PRBs in each PRG can be determined by excluding PRBs within UL subband and guardband(s) according to the current specification.
1.1.2 UL transmission/DL reception across SBFD symbols and non-SBFD symbols in different slots
In the RAN1#112 meeting, an agreement was made on whether to restrict or not UL transmission and DL reception across SBFD symbols and non-SBFD symbols. In our view, if frequency domain resource allocation of UL transmission and DL reception is available for both SBFD symbols and non-SBFD symbols, there is no restriction on UL transmission and DL reception across SBFD symbols and non-SBFD symbols. Thus, the UL transmission or DL reception can be in SBFD symbols and non-SBFD symbols. Additional restriction in addition to current specification is not needed, and it’s up to gNB scheduling.
· Proposal 10: If a FDRA of UL transmission or DL reception is available for both SBFD symbols and non-SBFD symbols, the UL transmission or DL reception can be in SBFD symbols and non-SBFD symbols (Option 2).
PDSCH with slot aggregation
In the RAN1#112b-e meeting, frequency resource allocation options for PDSCH receptions across SBFD symbols and non-SBFD symbols in different slots for a SBFD-aware UE. As we discussed in section 2.5.1, PDSCH can be rate matched on the RBs outside DL subband(s) (Option 2). The SBFD-aware UE can be configured or indicated to receive PDSCH of the same TB across multiple slots (i.e., slot aggregation). In this case, multiple slots can include both non-SBFD symbols and SBFD symbols. Then, TBS of PDSCH on non-SBFD symbols can be differently determined from that of PDSCH on SFBD symbols. However, TBs with different TBSs are hard to be soft combined in bit-level. Therefore, enhancements can be studied for SBFD-aware UE to assume that PRBs in UL subband are not available not only for SBFD symbols, but also for non-SBFD symbols as shown in Figure 5 to maximize the combining gain.
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Figure 5. PDSCH receptions with slot aggregation across non-SBFD symbols and SBFD symbols.
· Proposal 11: For PDSCH receptions cross SBFD symbols and non-SBFD symbols in different slots, a SBFD-aware UE can perform rate matching on the RBs outside DL subband(s) (Option 2).
· Same TBS can be determined among PDSCH receptions with slot aggregation (repetitions) across SBFD symbols and non-SBFD symbols.
[bookmark: _Hlk131797714]Available slot determination for PUSCH/PUCCH repetition
In Rel-17 coverage enhancement WI, enhancement on PUSCH repetition Type A was introduced. Like inter-slot PUCCH repetition case, PUSCH repetition Type A supports repetitions counted based on available slots in 2-step procedure: in the 1st step, the UE determines available slots for K PUSCH repetitions; in the 2nd step the UE determines whether to drop each of the K PUSCH repetition or not according to PUSCH dropping rules, where the PUSCH repetition is still counted in the K repetitions even if it is dropped.
In the 1st step (i.e., available slot determination), a UE determines available slots based on the symbol-level availability. For unpaired spectrum, the slot is determined as not available for PUSCH or PUCCH transmission if at least one of the symbols for PUSCH or PUCCH transmission overlaps with a DL symbol indicated by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst. In other words, the slot is determined as available for PUSCH or PUCCH transmission starting in an UL symbol indicated by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated, or in a flexible symbol that is not SS/PBCH block symbol indicated by ssb-PositionsInBurst in consecutive UL symbols indicated by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated, or in flexible symbols that are not SS/PBCH block symbols indicated by ssb-PositionsInBurst.
Recall the SBFD operation, UL subband can be allocated in a symbol configured as DL or flexible indicated by TDD-UL-DL-ConfigCommon. In this case, a SBFD-aware UE may not determine the slot with symbols within UL subband since those symbols are configured as DL and flexible indicated by TDD-UL-DL-ConfigCommon even the set of symbols for PUSCH or PUCCH are available for transmission. 
To address this, frequency domain availability can be considered in addition to time domain availability. Thus, the SBFD-aware UE can determine the slot as available for PUSCH or PUCCH transmission in the set of symbols within UL subband. Even a symbol for PUSCH or PUCCH transmission overlaps with a DL symbol indicated by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst, the slot can be determined as available if symbols for PUSCH or PUCCH transmission are scheduled within UL subband. 
· Proposal 12: In addition to time domain availability, frequency domain availability can be considered to determine available slot of PUSCH/PUCCH repetition for a SBFD-aware UE.
Actual TDW determination for DMRS bundling
In Rel-17 coverage enhancement WI, DMRS bundling to enable improved channel estimation is introduced. It can be enabled for PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, for PUSCH repetition Type A with configured grant, for PUSCH repetition Type B, for TB processing over multiple slots PUSCH and for PUCCH repetitions of PUCCH formats 1, 3, and 4.
One or multiple nominal TDWs (time domain windows) which is not longer than the maximum duration  determined by UE’s capability, can be configured with duration by gNB. Then, a nominal TDW can be segmented into one or multiple actual TDWs according to events, which result in the loss of power consistency and phase continuity across PUSCH or PUCCH transmissions, such as a downlink slot or downlink reception or downlink monitoring based on TDD-UL-DL-ConfigCommon and TDD-UL-DL-ConfigDedicated, the gap between any two consecutive PUSCH or PUCCH transmissions that exceeds 13 symbols for normal CP and 11 symbols for extended CP, and frequency hopping. Since the downlink slot by TDD-UL-DL-ConfigCommon is one of the events to segment from nominal TDW to actual TDW, joint channel estimation via DMRS bundling is not performed at gNB if there is at least one DL slot in-between PUSCH or PUCCH transmissions.
Recall the SBFD operation, UL subband can be allocated in a symbol configured as DL or flexible indicated by TDD-UL-DL-ConfigCommon. In this case, a SBFD-aware UE may not determine PUSCH or PUCCH transmissions across UL subbands in a slot configured as DL by TDD-UL-DL-ConfigCommon as an actual TDW as shown in Figure 6.
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Figure 6. Actual TDW determination across PUSCH transmissions in UL subband.
In Figure 6, a SBFD-aware UE can be scheduled to transmit PUSCH over 4 slots with repetition Type A and configured to enable DMRS bundling with nominal TDW duration as 4 slots. Then, 4 actual TDWs are determined since slot#1, slot#2, and slot#3 are event, which result in the loss of power consistency and phase continuity. As a result, any of PUSCH repetitions can be jointly channel estimated at gNB even the SBFD UE is configured to enable DMRS bundling.
To address this, RBs within UL subband is not to be regarded as an event in a slot configured as DL by TDD-UL-DL-ConfigCommon. Thus, PUSCH or PUCCH transmissions in UL subband across DL slots can be determined as an actual TDW, and joint channel estimation can be performed at gNB for UL coverage enhancement.
· Proposal 13: RBs within UL subband in a DL slot by TDD-UL-DL-ConfigCommon is not an event of actual TDW determination for a SBFD-aware UE.
In the previous RAN1#113 meeting, a conclusion was made that separate UL power control parameters for PUSCH and PUCCH across SBFD and non-SBFD symbols in different slots may be beneficial. When a UE is configured with DMRS bundling as enabled, power consistency of PUSCH or PUCCH transmissions cannot be maintained across SBFD and non-SBFD symbols if separate UL power control parameters are applied across SBFD and non-SBFD symbols. Therefore, separate UL power control parameters across SBFD and non-SBFD symbols can be considered as an event, and different actual TDWs can be made on PUSCH or PUCCH transmissions across SBFD and non-SBFD symbols if DMRS bundling is configured as enabled for the UE as shown in Figure 7.
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Figure 7. Actual TDW determination on PUSCH transmissions across SBFD and non-SBFD symbols with separate UL power control parameters.
In Figure 7, a SBFD UE can be scheduled to transmit PUSCH over 4 slots with repetition Type A, where P0,SBFD denotes P0 value of PUSCH transmission in SBFD symbols, while P0,normal denotes the P0 value in non-SBFD symbols. If the UE is configured to enable DMRS bundling with duration of a nominal TDW as 4 slots, two actual TDWs (actual TDW#1 including PUSCH#1~#3 and actual TDW#2 including PUSCH#4) are made with respect to an event between PUSCH#3 and PUSCH#4. Considering that the DMRS bundling feature was introduced to enhance UL coverage, it is beneficial to determine PUSCH#1~PUSCH#3 and PUSCH#4 as the same actual TDW by maintaining power consistency although separate UL power control parameters are configured/indicated. In other words, DMRS bundling gain can be prioritized over separate UL power control across SBFD symbols and non-SBFD symbols when DMRS bundling is configured as enabled for the UE. Therefore, we propose to investigate how to maintain power consistency of PUSCH or PUCCH transmissions across SBFD symbols and non-SBFD symbols if DMRS bundling is configured as enabled for the SBFD-aware UE.
· Proposal 14: Although separate UL power control parameters are configured/indicated for PUSCH transmissions or PUCCH transmissions across SBFD symbols and non-SBFD symbols in different slots, it should be further investigated how to maintain power consistency if DMRS bundling is configured as enabled for a SBFD-aware UE.
HPN determination for multi-slot PUSCH
In Rel-17 60GHz WI, multi-slot PUSCH scheduling with a single DCI was specified, where time domain allocations of multiple PUSCH can be discontinuous. Those PUSCH transmissions in multi-slot have different TBs, thus different HPNs (HARQ process numbers) are determined for each PUSCH transmission. Because a single HPN value is contained in a DCI, HPN determination rule was specified as follows.
When the UE is scheduled with multiple PUSCHs by a DCI, HPN indicated by DCI applies to the first PUSCH not overlapping with a DL symbol indicated by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst. HPN is then incremented by 1 for each subsequent PUSCH(s) in the scheduled order, with modulo operation. HPN is not incremented if at least one of the symbols for PUSCH or PUCCH transmission overlaps with a DL symbol indicated by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
Similar with available slot determination as we discussed above, enhancement on HPN determination of mutl-slot PUSCH scheduled with a single DCI within UL subband is necessary as shown in Figure 8.
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Figure 8. HPN determination for multi-slot PUSCH across SBFD symbols and non-SBFD symbols.
In Figure 8, a SBFD-aware UE can be scheduled to transmit multi-slot PUSCH across slot#1 and slot#2 with a single DCI, where slot#1 is consisted of non-SBFD symbols and slot#2 is consisted of SBFD symbols. Even the SBFD-aware UE can transmit PUSCH#2 in the slot#2, the HPN of PUSCH#2 would not be incremented according to the current rule. In this case, ambiguity due to the same HPN between the PUSCHs with different TBs can occur, thus it can affect PUSCH HARQ process.
To address this, availability of frequency domain can be considered in addition to time domain availability. Thus, the SBFD-aware UE increments HPN for PUSCH transmission in the set of symbols within UL subband. Even a symbol for PUSCH transmission overlaps with a DL symbol indicated by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst, the HPN can be incremented if symbols for PUSCH transmission are scheduled within UL subband. 
· Proposal 15: In addition to time domain availability, frequency domain availability can be considered to determine HPN of multi-slot PUSCH scheduled by a single DCI for a SBFD-aware UE.
1.1.3 CSI-RS
In the RAN1#110b-e meeting, it was agreed to study impact and potential enhancements of CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subbands. We provide our views on potential options to study CSI-RS resource set frequency domain resource allocation and CSI reporting.
CSI-RS frequency domain resource allocation across non-contiguous DL subbands
In the RAN1#112 meeting, it was agreed to study three options for CSI-RS frequency domain resource allocation across non-contiguous DL subbands. We provide our views on each option.
Option 1: Two CSI-RS resources that are linked
With this option, RRC signalling overhead can be an issue as a SBFD-aware UE should be configured with two CSI-RS resources with different CSI-RS resource IDs. Additionally, the number of configurable CSI-RS resources is restricted compared to legacy operations as two CSI-RS resource IDs are necessary for CSI-RS reception in the same symbol.
Option 2-1: Non-contiguous CSI-RS resource allocation
For this option, enhancement on CSI-RS resource configuration can be necessary. For example, multiple CSI-RS frequency domain resource allocations (i.e., startingRB and nrofRBs) with the same CSI-RS resource ID should be introduced. This option has no impact on the number of CSI-RS resource configurations. However, it still requires enhancement on CSI-RS resource configuration, which can increase the RRC signalling overhead.
Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband(s)
[bookmark: _Hlk118724853]With this option, a SBFD-aware UE can assume that PRBs in UL subband (and guardband, if specified) are not available for CSI-RS reception. It’s similar to the PDSCH rate matching mechanism, but different in that CSI-RS cannot be rate matched. Thus, the SBFD-aware UE can implicitly assume that two separate sequences for CSI-RS with the same ID are received across non-contiguous DL subbands, and thus, it does not have any changes on CSI-RS resource configuration (i.e., one contiguous resource configuration overlapping UL subband). Therefore, it has no specification impact and no additional RRC signaling overhead, which are concerns of Option 1 and Option 2-1.
Based on above discussion, we propose to study Option 2-2 (one contiguous CSI-RS resource configuration across non-contiguous DL subbands) in terms of specification impact.
· Proposal 16: RAN1 to study 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 terms of specification impact.
CSI reporting across SBFD symbols and non-SBFD symbols
In the RAN1#112b-e meeting, it was agreed to study four 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. We provide our views on those four options with Figure 9.
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Figure 9. Options for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity of CSI-RS instances occur in both SBFD symbols and non-SBFD symbols.
Those four options are related with CSI-RS frequency domain resource allocation across non-contiguous DL subbands, and we proposed to study Option 2-2 above, i.e., one contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband(s). Therefore,  we provide our views on Option 1-2 and Option 2-2 for CSI report. With Option 1-2, two CSI-ReportConfigs are configured to reflect different CSI measurement/reporting even though CSI-RS resource configuration is common for both SBFD symbols and non-SBFD symbols. A SBFD-aware UE would average CSI measurement in SBFD symbols and report according to the CSI-ReportConfig#1, while the UE would average CSI measurement in non-SBFD symbols and report according to the CSI-ReportConfig#2. On the contrary, Option 2-2 does not require additional configuration to differentiate CSI report in SBFD symbols and CSI report in non-SBFD symbols by introducing measurement restriction so that UE would not average CSI measurements across SBFD symbols and non-SBFD symbols. Option 1-2 requires additional configuration to differentiate CSI report in SBFD symbols and CSI report in non-SBFD symbols. Regarding that the maximum number of CSI-ReportConfigs is limited to the UE, Option 2-2 can be further studied.
· Proposal 17: RAN1 to study Option 2-2 for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity of CSI-RS instances occur in both SBFD symbols and non-SBFD symbols, i.e., one CSI-ReportConfig is associated with one CSI-RS, and the CSI report is derived based on CSI-RS resource which can be in SBFD symbols or non-SBFD symbols in different time instances.
1.1.4 PUSCH/PUCCH/SRS
PUSCH/PUCCH frequency hopping
In the RAN1#112 meeting, it was agreed whether/how to have separate resources, FH parameters, UL power control parameters, and beam/spatial relation for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots. We provide our views on separate FH parameters for PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots.
If a UE is configured or indicated to transmit PUSCH with frequency hopping (FH), the UE determines FH pattern, i.e., starting RB of 1st hop and 2nd hop respectively. In the current specification, FH pattern can be determined according to the texts from TS 38.214 V17.6.0 [2] as follows.
	[bookmark: _Toc11352165][bookmark: _Toc20318055][bookmark: _Toc27299953][bookmark: _Toc29673228][bookmark: _Toc29673369][bookmark: _Toc29674362][bookmark: _Toc36645592][bookmark: _Toc45810641][bookmark: _Toc114223895][bookmark: _Toc29673229][bookmark: _Toc29673370][bookmark: _Toc29674363][bookmark: _Toc36645593][bookmark: _Toc45810642][bookmark: _Toc83310227]6.3	UE PUSCH frequency hopping procedure
6.3.1	Frequency hopping for PUSCH repetition Type A
…
In case of intra-slot frequency hopping, the starting RB in each hop is given by:

	,




where i=0 and i=1 are the first hop and the second hop respectively, and  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) or as calculated from the resource assignment for MsgA PUSCH (described in [6, TS 38.213]) and is the frequency offset in RBs between the two frequency hops. The number of symbols in the first hop is given by , the number of symbols in the second hop is given by , where  is the length of the PUSCH transmission in OFDM symbols in one slot.

In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is not enabled, or for inter-slot frequency hopping for a PUSCH scheduled by RAR UL grant or DCI format 0_0 with CRC scrambled by TC-RNTI, the starting RB during slot  is given by:

	, 



where  is the current slot number within a system radio frame, where a multi-slot PUSCH transmission can take place,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.


According to the specification, the UE determines FH pattern based on the size of UL BWP. If the UL subband is included in the UL BWP, the UE may determine 2nd hop RBs of UL transmission outside the UL subband.
To handle this issue, current modulo mechanism can be modified without new configuration (i.e., without separate FH parameters). For this purpose, the size of UL BWP (i.e., ) can be modified as the size of UL subband with additional parameters such as starting RB index of the UL subband to align the different RB starting between non-SBFD symbols and SBFD symbols as shown in Figure 10. 
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Figure 10. PUSCH transmission with frequency hopping across non-SBFD symbols and SBFD symbols.
If a UE is configured to transmit PUCCH with frequency hopping (FH), the UE determines FH pattern, i.e., the starting RB of the 1st hop and 2nd, hop respectively. In the current specification, the FH pattern can be determined base on the configured values. That is, the UE transmits the PUCCH starting from a first PRB, provided by startingPRB and starting from a second PRB, provided by secondHopPRB. 
Different with PUSCH, both starting RBs of the 1st hop and 2nd hop are configured by gNB. Therefore, a new configuration of the first PRB and second PRB can be introduced for SBFD slots.
Based on the above discussion, we propose to study enhancement on frequency hopping (both intra-slot and inter-slot) for PUSCH and PUCCH in SBFD operation. Additionally, different frequency hopping patterns can be determined across non-SBFD symbols and SBFD symbols. In non-SBFD symbols, legacy FH pattern should be determined for SBFD-aware UE to guarantee frequency diversity as legacy UE.
· [bookmark: _Hlk118735781]Proposal 18: Separate FH patterns can be determined for PUSCH and PUCCH transmission(s) across SBFD symbols and non-SBFD symbols.
· For PUSCH, separate FH patterns can be determined by adjusting UL BWP size to UL subband size in modulo operation without separate FH parameters configuration.
· For PUCCH, separate FH patterns can be determined by separate FH parameters configuration.
PUSCH rate matching in RE-level
In Rel-15, a RE-level rate matching for PDSCH was specified around REs for LTE CRS (cell-specific reference signal) to guarantee LTE UE’s CRS detection for DL channel estimation in case of spectrum sharing between NR UE and LTE UE. In addition to LTE CRS, PDSCH rate matching on REs for ZP (zero power) was specified to guarantee other NR UE’s ZP CSI-RS detection for beam management. A UE can be configured with a RE-level resource pattern for LTE CRS or NR ZP CSI-RS, and then the UE assumes that those REs are not available for PDSCH reception. If the UE is indicated to receive PDSCH in REs that overlap with configured RE-level resource pattern, the UE receives PDSCH by rate-matching REs for PDSCH around the REs for LTE CRS or NR ZP CSI-RS. Note that LTE CRS and NR ZP CSI-RS are likely to be configured in the DL symbol indicated by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated.
For SBFD-aware UEs, UL transmission can be scheduled within UL subband in a symbol configured as a DL symbol indicated by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated. Then, resources of PUSCH scheduled to the SBFD-aware UE within the UL subband can overlap with REs of LTE CRS or NR ZP CSI-RS. This can be a more critical issue than the Rel-15 PDSCH case due to CLI between DL reception and UL transmission. For this, a RE-level rate matching for PUSCH can be studied, and the Rel-15’s RE-level PDSCH rate matching can be further studied as a starting point. 
· Proposal 19: For a SBFD-aware UE, RE-level PUSCH scheduled within UL subband in a symbol configured as DL via TDD-UL-DL-ConfigCommon can be rate-matched around REs of LTE CRS configured for LTE UE in case of spectrum sharing between SBFD-aware UE and LTE UE.
· Proposal 20: For a SBFD-aware UE, RE-level PUSCH scheduled within UL subband in a symbol configured as DL via TDD-UL-DL-ConfigCommon can be rate-matched around REs of ZP CSI-RS configured for other NR UE.
Uplink cancellation indication
In Rel-16 URLLC WI, UL CI (cancellation indication) was introduced for inter-UE multiplexing in a cell. To reduce latency of UL transmission of higher priority (i.e., URLLC traffic), a UE can be configured to monitor PDCCH including DCI format 2_4 with CRC scrambled by CI-RNTI. An indication of UL CI for a serving cell is applicable to a PUSCH transmission or a SRS transmission in the cell. For the actual UL cancellation, a UE determines reference time-frequency resource region where UL CI is applied. In time domain, DL symbols configured by TDD-UL-DL-ConfigCommon and symbols configured for SSB reception are excluded from the reference time-frequency resource region of UL CI. In other words, UL symbols and symbols not configured for SSB reception can be included as reference time-frequency resource region of UL CI. This is to guarantee finer signaling granularity under the limited payload size of DCI format 2_4 by excluding time domain resources not used for UL transmission.
UL CI feature can be considered for SBFD operation in consideration that UL latency reduction is one of the key objective of Rel-18 duplex SI. For example, UL transmission with lower priority (i.e., eMBB traffic) of a SBFD-aware UE within an UL subband can be indicated to cancel by UL CI for another SBFD-aware UE’s UL transmission within the UL subband with higher priority (i.e., URLLC traffic). Since an UL subband can be allocated in symbols configured as DL configured by TDD-UL-DL-ConfigCommon or symbols configured for SSB reception, the SBFD-aware UE excludes those symbols as reference time-frequency resource region that UL CI is applied. Therefore, an UL subband in symbols configured as DL by TDD-UL-DL-ConfigCommon and symbols configured for SSB reception can be included as reference time-frequency resource region for UL CI for a SBFD-aware UE in addition to UL symbols and symbols not configured for SSB reception.
· Proposal 21: For a SBFD-aware UE, an UL subband in symbols configured as DL by TDD-UL-DL-ConfigCommon and symbols configured for SSB reception can be included as reference time-frequency resource region for uplink cancellation indication in addition to UL symbols and flexible symbols not configured for SSB reception.
UE collision handling
In the RAN1#110b-e meeting, it was agreed to identify any instances of time domain conflict between a UE’s UL and DL operation in the same SBFD symbol for SBFD-aware UE. If such conflicts exist, study whether/how to avoid/handle such collision cases. We provide our views on cases of time domain conflict and potential UE behavior to avoid/handle collision cases.
Valid RO vs. DL signal/channel
In legacy TDD operation, a UE can determine valid RO (RACH occasion) within the UL symbol or the flexible symbol (i.e., Ngap symbol after DL and SS/PBCH symbol). For SBFD-aware UE, this can be extended to determine valid RO within the UL symbol in the UL subband.
However, this can result in collisions between valid RO and DL signal/channel, as depicted in Figure 11. 
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[bookmark: _Hlk118660575]Figure 11. Collision between valid RO and PDSCH.
In Figure 11, symbols for valid RO and PDSCH are overlapped in time domain. To handle this, new UE behavior for SBFD-aware UE can be studied since the above collision case is not identified in legacy TDD operation. Also, different UE behaviors can be studied for the cases whether PDSCH is semi-statically scheduled via RRC configuration or PDSCH is dynamically indicated via DCI. If PDSCH is semi-statically scheduled, PDSCH can be received for the case when PRACH is not transmitted in valid RO. PDSCH is not received for the case when PRACH is transmitted. Alternatively, PDSCH can be rate matched even when PRACH is transmitted. If PDSCH is dynamically scheduled, PDSCH can be received and PRACH is not transmitted even in valid RO.
[bookmark: _Hlk118662642]DL signal/channel vs. UL signal/channel
Collision cases between DL signal/channel and UL signal/channel can be listed for SBFD-aware UE as followings:
Case 1) DCI indicated DL (or UL) signal/channel vs. DCI indicated UL (or DL) signal/channel.
In this case, a SBFD-aware UE may not expect to be indicated with DL reception and UL transmission in the same set of symbols. Thus, it can be handled by gNB implementation as in the current TDD operation.
Case 2) Higher layer configured DL (or UL) signal/channel vs. higher layer configured UL (or DL) signal/channel.
In this case, a SBFD-aware UE can determine to select one of DL reception or UL transmission. For example, SBFD operation in a symbol configured as DL by tdd-UL-DL-ConfigurationCommon, the UE receives DL signal/channel and does not transmit UL signal/channel since the set of symbols was originally configured as DL. Otherwise, the UE neither receives DL signal/channel nor transmits UL.
Case 3) DCI indicated DL (or UL) signal/channel vs. higher layer configured UL (or DL) signal/channel.
In this case, a UE can prioritize to receive or transmit signal/channel indicated by DCI as in legacy TDD operation (overwriting rule). For example, if a collision occurs between DCI indicated CSI-RS and higher layer configured PUSCH, the UE receives the DCI indicated CSI-RS, and does not transmit the higher layer configured PUSCH as shown in Figure 12-(a). In addition to that, enhancements on SBFD-aware UE can be further studied. For example, the UE receives the DCI indicated CSI-RS and transmits the higher layer configured PUSCH by rate matching around collided symbols including DL-UL switching gap as shown in Figure 12-(b).
[image: ]
Figure 12. Collision between DCI indicated CSI-RS and higher layer configured PUSCH.
· Proposal 22: RAN1 to study following collision cases for a SBFD-aware UE:
· Valid RO vs. DL signal/channel.
· Higher layer configured DL (or UL) signal/channel vs. higher layer configured UL (or DL) signal/channel.
· DCI indicated DL (or UL) signal/channel vs. higher layer configured UL (or DL) signal/channel.
UL/DL timing alignment
In the previous RAN1#113 meeting, a conclusion was made that time misalignment at gNB between UL receptions and DL transmissions due to configuration of non-zero NTA,offset at UE can lead to the increased interferences with FFS whether/how to mitigate the interferences, including impact to legacy UEs. We provide our view on this FFS issue. Based on companies’ contributions and FL summary document in the RAN1#113 meeting, 3 schemes can be considered as potential schemes to mitigate the interferences due to non-zero NTA,offset at UE as follows:
[bookmark: _Hlk142661353]Scheme 1: Apply zero value of NTA,offset for both SBFD and UL symbols.
With this scheme, the current specification can be reused without modification. Note that a UE can be configured the value of NTA,offset by n-TimingAdvanceOffset in SIB1 as one of 0, 25600, or 39936. Therefore, a SBFD-aware UE can be configured with the value of NTA,offset by n-TimingAdvanceOffset as 0. However, regarding that the value of NTA,offset is configured via SIB1, legacy UE is also confined to be configured with zero value of NTA,offset. Additionally, sufficient UL-to-DL switching cannot be guaranteed due to zero value of NTA,offset applied not only for SBFD symbols but also for UL symbols.
Scheme 2: Apply zero value of NTA,offset,SBFD for SBFD symbols and non-zero value of NTA,offset for UL symbols.
With this scheme, separate offset values can be applied to a SBFD-aware UE, which requires simple modification to the current specification. For example, separate value of NTA,offset can be configured for SBFD symbols only, e.g., NTA,offset,SBFD. The value of NTA,offset,SBFD can be configured commonly for SBFD-aware UEs in a cell. Alternatively, the SBFD-aware UEs can determine NTA,offset,SBFD = 0 for SBFD symbols without additional configuration, while the value of NTA,offset is applicable for non-SBFD symbols only. Scheme 2 addresses the UL-to-DL switching gap issues of Scheme 1 since non-zeros value of NTA,offse can be applied for UL symbols. Also, it has no impact on legacy UE that cannot be addressed with other schemes.
Scheme 3: Align symbol boundary for DL and UL with different symbol index.
This scheme can be enabled by applying larger NTA,offset than legacy operation. Regarding that the interference due to misaligned UL reception and DL transmission arises from misaligned CP boundaries between DL transmission within DL subband and UL reception within UL subband, CP boundaries can be aligned by matching symbol boundaries for DL and UL with different symbol index, e.g., 2nd symbol for UL reception within UL subband is aligned with 1st symbol for DL transmission within DL subband. However, large switching gaps for both DL-to-UL switching and UL-to-DL switching that cannot be used for data transmission/reception are generated that also have impacts on legacy UE.
Based on the above discussion, we propose to apply zero value of NTA,offset,SBFD for SBFD symbols and non-zero value of NTA,offset for UL symbols to mitigate the interference due to time misalignment at gNB between DL transmission and UL reception.
· Proposal 23: Zero value of NTA,offset,SBFD applied for SBFD symbols and non-zero value of NTA,offset applied for UL symbols can be considered to mitigate the interference due to time misalignment at a gNB between DL transmission and UL reception.
Meanwhile, interference due to time misalignment at a gNB between DL transmission and UL reception still can be observed at a boundary of SBFD symbols and UL symbols as shown in Figure 13.
[image: ]
Figure 13. Timing misalignment between SBFD symbols and UL symbols.
In Figure 13, slot#n is consisted of SBFD symbols while slot#n+1 is consisted of UL symbols. In slot#n, a UE#1 can be scheduled to receive PDSCH, while a UE#2 can be scheduled to transmit PUSCH in slot#n+1. It is assumed that zero value of NTA,offset,SBFD applied for SBFD symbols and non-zero value of NTA,offset applied for UL symbols as proposed above. Therefore, interference due to time misalignment at gNB between DL transmission within DL subband and UL reception within UL subband is not occurred in SBFD symbols. However, interference due to time misalignment at gNB between DL transmission and UL reception still can be observed at the boundary of SBFD symbols and UL symbols, i.e., misaligned CP boundaries between DL transmission within DL subband and UL reception within UL bandwidth.
· [bookmark: _Hlk142667675]Observation 3: At a boundary of SBFD symbols and UL symbols, interference due to time misalignment at a gNB between DL transmission and UL reception can occur even with zero value of NTA,offset,SBFD applied for SBFD symbols.
To address this issue, one of symbols for DL or UL can be muted, i.e., not used for DL transmission or UL reception at the boundary of SBFD symbols and UL symbols. Alternatively, only a portion of symbol for DL or UL can be muted to minimize resource wastage for DL transmission or UL reception. It should be further investigated how to address this issue. 
· [bookmark: _Hlk142667695]Proposal 24: RAN1 to investigate how to mitigate interference due to time misalignment at a gNB between DL transmission and UL reception at a boundary of SBFD symbols and UL symbols.

Conclusion
In this contribution, we discussed subband non-overlapping full duplex and summarize our views as the followings:
· Observation 1: Explicit method (dynamic SBFD by non-scheduling DCI) to allow DL reception outside DL subband(s) has more occasions in time domain to schedule DL reception than implicit method (dynamic SBFD by scheduling DCI) for DL reception outside DL subband(s).
· Observation 2: Actual number of consecutive PRBs in each PRG can be determined by excluding PRBs within UL subband and guardband(s) according to the current specification.
· Observation 3: At a boundary of SBFD symbols and UL symbols, interference due to time misalignment at a gNB between DL transmission and UL reception can occur even with zero value of NTA,offset,SBFD applied for SBFD symbols.
· Proposal 1: For semi-static SBFD operation, frequency locations of DL subband(s) are explicitly configured, and guardband(s) are implicitly derived as the RBs which are not within UL subband or DL subband(s) in terms of efficient resource utilization.
· FFS: signaling details by considering signaling overhead.
· Proposal 2: DL receptions outside semi-statically configured DL subband(s) are allowed (Option 2) for SBFD operation in a symbol configured as DL in TDD-UL-DL-ConfigCommon.
· SBFD-aware UE can be indicated with explicit method (dynamic SBFD by non-scheduling DCI) to allow DL reception outside DL subband(s) via dynamic SFI.
· FFS: Impact and potential enhancement on dynamic SFI for the co-existence of SBFD-aware UE and non-SBFD-aware UE in a given cell.
· FFS: Impact and potential enhancement on UE behaviors in case of SFI detection/non-detection point of view.
· Proposal 3: DL receptions outside semi-statically configured DL subband(s) are allowed (Option 2 or Option 3) for SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon.
· SBFD-aware UE can be indicated with explicit method (dynamic SBFD by non-scheduling DCI) to allow DL reception outside DL subband(s) via dynamic SFI.
· FFS: Impact and potential enhancement on dynamic SFI for the co-existence of SBFD-aware UE and non-SBFD-aware UE in a given cell.
· FFS: Impact and potential enhancement on UE behaviors in case of SFI detection/non-detection point of view.
· Proposal 4: UL transmissions outside semi-statically configured UL subband are allowed (Option 3) for SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon.
· Proposal 5: In the RBs outside UL subband for SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, SBFD-aware UE follows legacy UE behavior in a symbol configured as flexible in TDD-UL-DL-ConfigCommon.
· Proposal 6: SBFD-aware UE can know the frequency size of fixed guardband(s) based on knowledge of the frequency location of UL subband and DL subband(s).
· If both DL receptions outside DL subband(s) and UL transmission outside UL subband are not allowed, the fixed guardband(s) is located between DL subband(s) and UL subband.
· If DL receptions outside DL subband(s) are allowed and UL transmissions outside UL subband are not allowed, the fixed guardband(s) is located adjacent to UL subband.
· If both DL receptions outside DL subband(s) and UL transmission outside UL subband are allowed, the fixed guardband(s) is located adjacent to DL subband(s).
· Proposal 7: Actual UL transmission within UL subband configured in SSB symbols is allowed or not according to UL scheduling type and SSB type in a symbol overlapped between UL transmission and SSB reception/measurement.
· E.g., Any UL transmission is not allowed in symbols of SSB by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon.
· E.g., DCI indicated PUSCH transmission is allowed in symbols of SSB by ssb-ToMeasure or SSB by ssb-PositionsInBurst in SSB-MTCAdditionalPCI not associated to physical cell ID with active TCI states for PDCCH or PDSCH.
· E.g., Higher layer configured PUSCH transmission is allowed by rate-matching around symbols of SSB by ssb-ToMeasure or SSB by ssb-PositionsInBurst in SSB-MTCAdditionalPCI associated to physical cell ID with active TCI states for PDCCH or PDSCH, and symbols of DL-to-UL switching gap.
· Proposal 8: RAN1 to study Option 1 by reusing PDSCH rate matching mechanism to address unaligned boundaries of DL/UL subband and configuration granularity of RBG for PDSCH FDRA (i.e., FDRA type 0) in terms of specification impact.
· Proposal 9: The part of the DL RBG (UL RBG) outside DL subband(s) (UL subband) can be used for DL reception (UL transmission) or guardband(s) based on whether to allow DL receptions outside DL subband(s) and UL transmissions outside UL subband in flexible symbols via TDD-UL-DL-ConfigCommon.
· If both DL receptions outside DL subband(s) and UL transmission outside UL subband are not allowed, the part of DL RBG (UL RBG) outside DL subband(s) (UL subband) can be used for additional guardband(s) in addition to fixed guardband(s).
· If DL receptions outside DL subband(s) are allowed and UL transmissions outside UL subband are not allowed, the part of DL RBG outside DL subband(s) can be used for DL receptions excluding fixed guardband(s) adjacent to UL subband.
· The part of UL RBG outside UL subband can be used for additional guardband(s) in addition to fixed guardband(s).
· If both DL receptions outside DL subband(s) and UL transmission outside UL subband are allowed, the part of DL RBG outside DL subband(s) can be used for additional guardband(s) in addition to fixed guardband(s).
· The part of UL RBG outside UL subband can be used for UL transmission excluding fixed guardband(s) adjacent to DL subband(s).
· Proposal 10: If a FDRA of UL transmission or DL reception is available for both SBFD symbols and non-SBFD symbols, the UL transmission or DL reception can be in SBFD symbols and non-SBFD symbols (Option 2).
· Proposal 11: For PDSCH receptions cross SBFD symbols and non-SBFD symbols in different slots, a SBFD-aware UE can perform rate matching on the RBs outside DL subband(s) (Option 2).
· Same TBS can be determined among PDSCH receptions with slot aggregation (repetitions) across SBFD symbols and non-SBFD symbols.
· Proposal 12: In addition to time domain availability, frequency domain availability can be considered to determine available slot of PUSCH/PUCCH repetition for a SBFD-aware UE.
· Proposal 13: RBs within UL subband in a DL slot by TDD-UL-DL-ConfigCommon is not an event of actual TDW determination for a SBFD-aware UE.
· Proposal 14: Although separate UL power control parameters are configured/indicated for PUSCH transmissions or PUCCH transmissions across SBFD symbols and non-SBFD symbols in different slots, it should be further investigated how to maintain power consistency if DMRS bundling is configured as enabled for a SBFD-aware UE.
· Proposal 15: In addition to time domain availability, frequency domain availability can be considered to determine HPN of multi-slot PUSCH scheduled by a single DCI for a SBFD-aware UE.
· Proposal 16: RAN1 to study 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 terms of specification impact.
· Proposal 17: RAN1 to study Option 2-2 for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity of CSI-RS instances occur in both SBFD symbols and non-SBFD symbols, i.e., one CSI-ReportConfig is associated with one CSI-RS, and the CSI report is derived based on CSI-RS resource which can be in SBFD symbols or non-SBFD symbols in different time instances.
· Proposal 18: Separate FH patterns can be determined for PUSCH and PUCCH transmission(s) across SBFD symbols and non-SBFD symbols.
· For PUSCH, separate FH patterns can be determined by adjusting UL BWP size to UL subband size in modulo operation without separate FH parameters configuration.
· For PUCCH, separate FH patterns can be determined by separate FH parameters configuration.
· Proposal 19: For a SBFD-aware UE, RE-level PUSCH scheduled within UL subband in a symbol configured as DL via TDD-UL-DL-ConfigCommon can be rate-matched around REs of LTE CRS configured for LTE UE in case of spectrum sharing between SBFD-aware UE and LTE UE.
· Proposal 20: For a SBFD-aware UE, RE-level PUSCH scheduled within UL subband in a symbol configured as DL via TDD-UL-DL-ConfigCommon can be rate-matched around REs of ZP CSI-RS configured for other NR UE.
· Proposal 21: For a SBFD-aware UE, an UL subband in symbols configured as DL by TDD-UL-DL-ConfigCommon and symbols configured for SSB reception can be included as reference time-frequency resource region for uplink cancellation indication in addition to UL symbols and flexible symbols not configured for SSB reception.
· Proposal 22: RAN1 to study following collision cases for a SBFD-aware UE:
· Valid RO vs. DL signal/channel.
· Higher layer configured DL (or UL) signal/channel vs. higher layer configured UL (or DL) signal/channel.
· DCI indicated DL (or UL) signal/channel vs. higher layer configured UL (or DL) signal/channel.
· Proposal 23: Zero value of NTA,offset,SBFD applied for SBFD symbols and non-zero value of NTA,offset applied for UL symbols can be considered to mitigate the interference due to time misalignment at a gNB between DL transmission and UL reception.
· Proposal 24: RAN1 to investigate how to mitigate interference due to time misalignment at a gNB between DL transmission and UL reception at a boundary of SBFD symbols and UL symbols.
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