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Introduction
[bookmark: _Int_h0t0HAcI][bookmark: _Int_Tb6amJsD]The Rel-19 work item on evolution of NR duplex operation includes a list of objectives as in the WID[1], out of which the following objectives should be discussed under agenda item 9.3.1.
	· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· [bookmark: _Int_RCPjPIgJ]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][bookmark: _Int_uhLPSsXo]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· 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
· [bookmark: OLE_LINK1]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
· [bookmark: _Int_nCr09pYk]Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· [bookmark: _Int_GOs6MZNE]FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators



In this contribution, we will share our views on indication of frequency and time location of SBFD subbands, and transmissions and receptions in SBFD symbols and/or non-SBFD symbols for SBFD-aware UEs.
Discussion
Semi-static indication of frequency location of SBFD subbands
[bookmark: _Int_2guMI2ei]For SBFD subband configuration, in the study item, it was agreed that at least explicit indication of frequency location of UL subband is supported and the frequency location of UL/DL subband is with reference to CRB grid. However, the reference SCS and reference position for the configuration are still unclear and need to be clarified. In addition, two options as below are captured in the TR[2] for down-selection. 
	-	Option 1: Frequency locations of DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
- Option 2: The number of RBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).


To figure out the above, the relation between SBFD subband configuration and DL/UL carrier/BWP configuration should be discussed. 
In our view, the following 3 alternatives are the most straightforward.
· Alt. 1: The SBFD subbands are configured per DL SCS-SpecificCarrier with reference to the CRB grid of a reference SCS which is equal to the SCS of the corresponding DL SCS-SpecificCarrier.
In an SBFD symbol, the UE would receive DL signals/channels only in the RBs overlapping with the DL subband(s) of the associated DL SCS-SpecificCarrier and within the active DL BWP or transmit UL signals/channels only in the RBs overlapping with the UL subband of the associated DL SCS-SpecificCarrier and within the active UL BWP. 
As shown in Figure 1, when DL BWP 1 and UL BWP 1 are active, in an SBFD symbol, only the RBs overlapping with the DL subband of DL carrier with SCS = 30 kHz and within DL BWP 1 are available for reception, and only the RBs overlapping with the UL subband of DL carrier with SCS = 30 kHz and within UL BWP 1 are available for transmission.


Figure 1: SBFD subbands are configured per DL SCS specific carrier
· Alt. 2: The SBFD subbands are configured per cell with reference to the CRB grid of a reference SCS. 
In an SBFD symbol, the UE would receive DL signals/channels only in the RBs overlapping with the DL subband(s) and within the active DL BWP or transmit UL signals/channels only in the RBs overlapping with the UL subband and within the active UL BWP.
As shown in Figure 2, when DL BWP 1 and UL BWP 1 are active, in an SBFD symbol, only the RBs overlapping with the DL subband and within DL BWP 1 are available for reception, and only the RBs overlapping with the UL subband and within UL BWP 1 are available for transmission. 


Figure 2: SBFD subbands are configured per cell

· Alt. 3: An UL subband and guardband(s) if any are configured per cell with reference to the CRB grid of a reference SCS. For each DL/UL BWP, the DL subband is implicitly derived as RBs which do not overlap with UL subband or guardband(s).
In an SBFD symbol, the UE would receive DL signals/channels only in the RBs in DL subband(s) of the active DL BWP or transmit UL signals/channels only in the RBs overlapping with the UL subband and within the active UL BWP. 
As shown in Figure 3, when DL BWP 1 and UL BWP 1 are active, in an SBFD symbol, only the RBs in the DL subband of DL BWP 1 are available for reception, and only the RBs overlapping with the UL subband and within UL BWP 1 are available for transmission. 


Figure 3: UL subband and guardband(s) are configured per cell
Note that some DL/UL BWPs may not have RBs overlapping with DL/UL subbands.
Basically, Alt. 1 is more flexible than Alt. 2 and Alt. 3. For example, by Alt. 1, different DL SCS-SpecificCarrier can be independently configured with different SBFD subband patterns, e.g., DL-UL-DL, UL-DL, or DL-UL.
For Alt.1, the reference SCS of the configuration for a DL SCS-SpecificCarrier could be
· Alt.1-1: indicated in the configuration. The indicated reference SCS may be smaller, equal, or larger than the SCS of the DL SCS-SpecificCarrier.
· [bookmark: OLE_LINK3]Alt.1-2: defined as the SCS of the DL SCS-SpecificCarrier. 
The reference position could be the start CRB of the corresponding DL SCS-SpecificCarrier or Point A, and the former one is preferred for less signaling overhead. Both Option 1 and Option 2 for DL subband(s) and guardband(s) configuration are feasible, and Option 2 is preferred for less signaling overhead.
For Alt 2 and 3, the reference SCS of the configuration for a cell could be:
· Alt. 2/3-1: indicated in the configuration. The indicated reference SCS may be smaller, equal, or larger than the SCS of a DL/UL BWP.
· Alt. 2/3-2: defined as the maximum of the SCS of all DL SCS-SpecificCarrier and the SCS of all UL SCS-SpecificCarrier.
· Alt. 2/3-3: defined as 15/60 kHz for FR1, 60/120 kHz for FR2-1.
The reference position could be Point A. Only Option 1 for DL subband(s) and guardband(s) configuration is feasible for Alt 2, because the outer boundaries of the DL subband(s) need to be explicitly indicated. And Option 2 for DL subband(s) and guardband(s) configuration is assumed by Alt. 3.
Based on the discussions above, we have the following proposal.
Proposal 1: For configuration of SBFD subbands, consider the following 3 alternatives for down-selection. Alt. 1 is slightly preferred.
· Alt. 1: The SBFD subbands are configured per DL SCS-SpecificCarrier with reference to the CRB grid of a reference SCS which is equal to the SCS of the corresponding DL SCS-SpecificCarrier.
· [bookmark: OLE_LINK4]For the UL subband, the start CRB and number of CRBs are configured. The start CRB is configured with reference to the start CRB of the corresponding DL SCS-SpecificCarrier or Point A. 
· For DL subband(s) and guardband(s) if any, the number of CRBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as CRBs which are not within UL subband or guardband(s) in the corresponding DL SCS-SpecificCarrier.
· The reference SCS of the configuration for a DL SCS-SpecificCarrier is
· Alt.1-1: indicated in the configuration. The indicated SCS is equal to the SCS of the DL SCS-SpecificCarrier.
· Alt.1-2: defined as the SCS of the DL SCS-SpecificCarrier.
· Alt. 2: The SBFD subbands are configured per cell with reference to the CRB grid of a reference SCS.
· For a DL/UL subband, the start CRB and number of CRBs are configured. The start CRB is configured with reference to Point A.
· The Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
· The reference SCS for the configuration for a cell is
· Alt. 2-1: indicated in the configuration.
· Alt. 2-2: defined as the minimum/maximum of the SCS of all DL SCS-SpecificCarrier and the SCS of all UL SCS-SpecificCarrier.
· Alt. 2-3: defined as 15/60 kHz for FR1, 60/120 kHz for FR2-1.
· Alt. 3: An UL subband and guardband(s) if any are configured per cell with reference to the CRB grid of a reference SCS. 
· For the UL subband, the start CRB and number of CRBs are configured. The start CRB is configured with reference to Point A.
· For each DL/UL BWP, the DL subband is implicitly derived as RBs which are not overlapping with the UL subband or guardband(s).
· The reference SCS for the configuration for a cell is
· Alt. 3-1: indicated in the configuration.
· Alt. 3-2: defined as the minimum/maximum of the SCS of all DL SCS-SpecificCarrier and the SCS of all UL SCS-SpecificCarrier.
· Alt. 3-3: defined as 15/60 kHz for FR1, 60/120 kHz for FR2-1.
Note that the SCS for DL BWP and UL BWP in a pair (i.e., with same BWP ID) may be same or different. And the reference SCS for the configuration of SBFD subbands and the SCS of DL/UL BWP may also be same or different. In the case that the reference SCS is smaller than the SCS of an DL/UL BWP, if an RB in the DL/UL BWP partially overlaps with the corresponding UL/DL subband(s) or guardband(s) or the RB overlaps with two or more out of an UL subband, a DL subband and a guardband, how to use the RB needs to be clarified. 
[bookmark: _Hlk157961003]Semi-static indication of time location of SBFD subbands
According to the following about the number of transition points captured in the TR, it is straightforward that a set of continuous SBFD symbols should be configured in a TDD UL/DL pattern period. And the configuration should be based on the referenceSubcarrierSpacing in tdd-UL-DL-ConfigurationCommon.
	[bookmark: _Int_5MY8uqof]Frequent transition between SBFD and non-SBFD symbols may increase the implementation complexity and interruptions of transmissions/receptions during transition. At least for semi-static SBFD, in order to avoid frequent transition between SBFD and non-SBFD symbols, potential limitation on the maximum number of transition points between SBFD and non-SBFD symbols can be considered from SBFD subband configuration perspective. 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. 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.


Proposal 2: The SBFD symbols are configured continuously in a TDD UL/DL pattern period.
Proposal 3: The SBFD symbols are configured based on the referenceSubcarrierSpacing in tdd-UL-DL-ConfigurationCommon.
For compatibility with symbol-level TDD UL/DL configuration, a slot can be configured with both SBFD symbols and non-SBFD symbols.
Proposal 4: A slot can be configured with both SBFD symbols and non-SBFD symbols.
Like configuration of DL subband(s) and guardband(s), two options can be considered for configuration of SBFD symbols.
· Option 1: SBFD symbols are explicitly configured. The non-SBFD symbols are implicitly derived as symbols which are not SBFD symbols.
· [bookmark: _Int_XkNq53eJ]Option 2: Non-SBFD symbols are explicitly configured. The SBFD symbols are implicitly derived as symbols which are not non-SBFD symbols.
Proposal 5: For configuration of SBFD symbols, consider the following 2 options.
· Option 1: SBFD symbols are explicitly configured. The non-SBFD symbols are implicitly derived as symbols which are not SBFD symbols.
· [bookmark: _Int_zMQB2q1f]Option 2: Non-SBFD symbols are explicitly configured. The SBFD symbols are implicitly derived as symbols which are not non-SBFD symbols.
In the WID, the Note as highlighted below may also relate to configuration of SBFD symbols. However, the meaning is not clear. For example, it is not clear what the “legacy UL symbol” refers to. 
	· 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


In our understanding, since the Note is about the SBFD subbands configured in the flexible symbols indicated by TDD-UL-DL-ConfigCommon, the “legacy Uplink symbol” may refer to the UL symbols indicated by tdd-UL-DL-ConfigurationDedicated or an SFI in DCI format 2_0. With this understanding, there are 3 candidate interpretations of the Note.
· Interpretation 1: For a flexible symbol indicated by TDD-UL-DL-ConfigCommon, if the signaling for configuration of SBFD symbols configures it as an SBFD symbol, tdd-UL-DL-ConfigurationDedicated and the SFI in DCI format 2_0 should not indicate UL. In other words, for the SBFD symbol, the UE does not expect tdd-UL-DL-ConfigurationDedicated or the SFI in DCI format 2_0 indicates UL, as shown in (a) of Figure 4.
· Interpretation 2: For a flexible symbol indicated by TDD-UL-DL-ConfigCommon, if tdd-UL-DL-ConfigurationDedicated or the SFI in DCI format 2_0 indicates UL, the signaling used for SBFD subband configuration should not configure it as an SBFD symbol. That is, the UE does not expect the signaling to configure the symbol as SBFD symbol, as shown in (b) of Figure 4.
· [bookmark: _Int_aOnjKhRo]Interpretation 3: For a flexible symbol indicated by TDD-UL-DL-ConfigCommon, if the signaling for configuration of SBFD symbols configures it as an SBFD symbol and tdd-UL-DL-ConfigurationDedicated or the SFI in DCI format 2_0 indicates UL, the SBFD symbol is a non-SBFD UL symbol. In other words, the tdd-UL-DL-ConfigurationDedicated and the SFI in DCI format 2_0 are somehow used for implicitly configuring SBFD symbols or converting SBFD symbols to non-SBFD UL symbols, as shown in (c) of Figure 4.



Figure 4. Relation between SBFD symbol configuration and legacy UL symbols
Observation 1: The Note below in the WID may have impacts on the configuration of SBFD symbols. However, the meaning is unclear and needs to be clarified.
· “Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols.”
Proposal 6: Clarify the meaning of the Note: 
· [bookmark: _Int_WfX4bJG5]Clarify the scope of the “legacy Uplink symbol”. It refers to:
· Interpretation A: UL symbols indicated by tdd-UL-DL-ConfigurationDedicated.
· Interpretation B: UL symbols indicated by tdd-UL-DL-ConfigurationDedicated or the SFI in DCI format 2_0.
· Clarify which interpretations of the Note below should be taken.
· Interpretation 1: For a flexible symbol indicated by TDD-UL-DL-ConfigCommon, if the signaling for configuration of SBFD symbols configures it as an SBFD symbol, tdd-UL-DL-ConfigurationDedicated and the SFI in DCI format 2_0 should not indicate UL. 
· Interpretation 2: For a flexible symbol indicated by TDD-UL-DL-ConfigCommon, if tdd-UL-DL-ConfigurationDedicated or the SFI in DCI format 2_0 indicates UL, the signaling used for SBFD subband configuration should not configure it as an SBFD symbol. 
· Interpretation 3: For a flexible symbol indicated by TDD-UL-DL-ConfigCommon, if the signaling for configuration of SBFD symbols configures it as an SBFD symbol and tdd-UL-DL-ConfigurationDedicated or the SFI in DCI format 2_0 indicates UL, the SBFD symbol is a non-SBFD UL symbol.
With Interpretation B plus Interpretation 2 or Interpretation 3, the configuration of SBFD symbols may be subject to SFI in DCI format 2_0. In this case, dynamic SBFD may be implicitly enabled, which we assume is not the intention. Therefore, only other interpretations could be taken. 
In addition, which interpretations are selectable is related to whether the RRC signaling used for SBFD subband configuration is cell specific or UE specific. For example, if the RRC signaling used for SBFD subband configuration is cell specific, Interpretation 2 is not selectable. Or, if Interpretation 2 is selected, the RRC signaling used for SBFD subband configuration should not be cell specific.
Observation 2: Dynamic SBFD may be implicitly enabled with Interpretation B plus Interpretation 2 or Interpretation 3. Only other interpretations could be taken.
Observation 3: Which interpretations are selectable is related to whether the RRC signaling used for SBFD subband configuration is cell specific or UE specific.
Transmissions and receptions in SBFD symbols
Collision handling between DL reception and UL transmission
As mentioned in the WID, half duplex operation is assumed at the UE side. In a semi-statically configured SBFD symbol, the UE could only receive or transmit, and the UE needs to determine whether to receive or transmit. From this perspective, the SBFD symbol is like a legacy semi-statically configured flexible symbol.
[bookmark: _Int_3gnO3PL8]However, according to the Note discussed in 2.2, for an SBFD symbol, the tdd-UL-DL-ConfigurationDedicated would be unable to indicate the UE to transmit by indicating “UL”. Therefore, to support UE-specific semi-static UL/DL indication like what for legacy flexible symbols indicated by tdd-UL-DL-ConfigurationCommon, a new UE-specific RRC signaling can be introduced. If an SBFD symbol is UL indicated by the RRC signaling, the symbol is only available for UL transmission. If an SBFD symbol is DL indicated by the RRC signaling, the symbol is only available for DL reception. If an SBFD symbol is not DL or UL indicated by the RRC signaling, whether the UE receives or transmits on the symbol is determined according to a rule which is like what for the legacy semi-static flexible symbols. The details of the rule can be further discussed considering different UL/DL signals/channels.
Proposal 7: For collision handling between DL reception and UL transmission, introduce a new UE-specific RRC signaling to indicate UL/DL for SBFD symbols.
· If an SBFD symbol is UL indicated by the RRC signaling, the symbol is only available for UL transmission. 
· If an SBFD symbol is DL indicated by the RRC signaling, the symbol is only available for DL reception. 
· If an SBFD symbol is not DL or UL indicated by the RRC signaling, whether UE receives or transmits on the symbol is determined according to a rule which is like that for the legacy semi-static flexible symbols. 
· FFS details of the rule.
In the study item, it was agreed that UL subband can be configured in an SSB symbol. Whether to allow UL transmission in an SBFD symbol overlapping with SSB symbols was controversial. Pros and Cons of allowing and not allowing are captured in the TR as below.
	[bookmark: _Int_MIJzEo0a]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.


Due to the negative impact on SSB detection and measurement, we prefer not to allow UL transmission in the symbol. Or it could be allowed only if the gNB explicitly indicates. Therefore, the options below can be considered. 
· Option 1: If an SBFD symbol overlaps with SSB symbols, the UE is not allowed to transmit UL signals.
· Option 2: If an SBFD symbol overlaps with SSB symbols, the SBFD symbol is converted to a non-SBFD symbol.
· Option 3: If an SBFD symbol overlaps with SSB symbols, the SBFD symbols in the slot where the SBFD symbol is located are converted to DL-only non-SBFD symbols. That is, the slot where the SBFD symbol is located is converted to a DL-only non-SBFD slot.
· Option 4: Whether the UE could transmit in an SBFD symbol overlapping with SSB symbols is controlled by the new UE-specific RRC signaling to indicate UL/DL for SBFD symbols. For example, if the SBFD symbol is UL indicated by the RRC signaling, the UE could transmit in the symbol, otherwise it could not.
Frequency resource allocation for CSI-RS across two DL subbands in SBFD symbols
[bookmark: _Int_MPFvGTdU]CSI-RS is used for the measurement of CQI, PMI, RSRP and so on. In current spec, frequency resource allocation for CSI-RS is limited to contiguous. In SBFD symbols, UL subband may be allocated between two DL subbands. Therefore, different from legacy TDD, we must consider the case when allocated RBs for CSI-RS resource overlap with UL subband. Especially in the case that CSI-RS resource is allocated across two DL subbands, allocated resource becomes non-contiguous. 
In SI phase, CSI-RS resource allocation across DL subbands was discussed and it was concluded that there are three options to be considered in WI phase as shown below.
	Frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs are studied considering the following options:
-	Option 1: Two contiguous CSI-RS resources that are linked
-	Option 2: One CSI-RS resource
-	Option 2-1: Non-contiguous CSI-RS resource allocation
-	Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s)
[bookmark: _Int_kDDkQWqD]For all the options, there is no impact on CSI-RS sequence generation. Option 1 requires additional signalling to link two CSI-RS resources in two DL subbands. Option 2-1 requires new RRC structure to configure non-contiguous RBs for one CSI-RS resource, which may require additional signalling overhead. Option 2-2 can reuse the existing signalling design for CSI-RS resource configuration. Option 2-2 can be used to resolve the potential unaligned boundaries between CSI-RS resource configuration and SBFD subbands. Further discussion is required on the UE complexity due to UE capability of maximum number of configured CSI-RS resources and/or processing non-contiguous CSI-RS.


[bookmark: _Int_PKKjQyP7]As stated in the TR, Option 1 and Option 2-1 require additional signaling or a new RRC structure, whereas Option 2-2 requires no additional signaling or new RRC structure. Option 1 and Option 2-1 should specify resource allocation for each contiguous CSI-RS resource, for example, by explicitly indicating positions of edges of each contiguous CSI-RS resource. In addition, additional rules for unaligned boundaries problem may be required for Option 1 and Option 2-1. In Option 1, unaligned boundaries may exist for each contiguous CSI-RS resource, therefore, it may be required to exclude CSI-RS frequency resource outside of DL subband from two contiguous CSI-RS resources. In Option 2-1, if granularity for indication of non-contiguous CSI-RS resource is fine, non-contiguous resource can be configured to align with boundaries of SBFD subbands. However, fining the granularity for indication requires many information bits. In addition, because the legacy CSI-RS resource requires the number of allocated RBs for CSI-RS resource to be multiple of 4, the unit of the indication of non-contiguous CSI-RS resource may be 4 RBs. Therefore, Option 2-1 may also require new rules for solving the problem of unaligned boundaries between CSI-RS resource configuration and SBFD subbands.
Observation 4: For frequency resource allocation for CSI-RS across two DL subbands, Option 1 and Option 2-1 require explicit resource indication for each contiguous CSI-RS resource and new rules for solving the problem of unaligned boundaries between CSI-RS resource configuration and SBFD subbands.
Proposal 8: For frequency resource allocation for CSI-RS across two DL subbands, Option 2-2 is preferred.
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s).
Transmissions and receptions across SBFD symbols and non-SBFD symbols
CSI report
In SBFD operation, CSIs for SBFD symbols and non-SBFD symbols may be different, because allocated resource or antenna configuration for transmission may be different between SBFD symbols and non-SBFD symbols. In SI phase, it was concluded that there are two options for CSI reporting, that is, whether one report config. includes CSI for SBFD symbols and CSI for non-SBFD symbols. Regarding the CSI-RS resource associated with CSI report, when periodic or semi-persistent CSI-RS resource is configured in SBFD operation, CSI-RS instances may occur in both SBFD symbols and non-SBFD symbols. In SI phase, whether one CSI-RS resource should be restricted to SBFD symbols or non-SBFD symbols was discussed. Since we have two options for CSI report configuration and associated CSI-RS resource configuration, respectively, it was concluded that four options are possible for CSI report associated with periodic / semi-persistent CSI-RS as shown below.
	TR 38.858
For SBFD-aware UEs, the following options are studied for CSI report associated with periodic/semi-persistent CSI-RS, in case the periodicity is such that CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots (each CSI-RS resource within a slot has either all SBFD or all non-SBFD symbols):
[bookmark: MCCQCTEMPBM_00000217][bookmark: _Int_Q8exg6Vz]-	Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
[bookmark: MCCQCTEMPBM_00000218]-	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;
[bookmark: MCCQCTEMPBM_00000219]-	Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
[bookmark: MCCQCTEMPBM_00000220]-	Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
[bookmark: MCCQCTEMPBM_00000221][bookmark: _Int_OMoA971I][bookmark: _Int_94HgtC3u]-	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.


[image: ]
Figure 5. CSI report associated with periodic/semi-persistent CSI-RS
Option 1-1 and Option 1-2 require two CSI report settings for CSI measurement of SBFD symbols and non-SBFD symbols, whereas Option 2-1 and option 2-2 require only one CSI report setting. The number of maximum CSI report settings are limited to be 4 per BWP, therefore, option 2-1 and option 2-2 are better than option 1-1 and option 2-2 in terms of consumption of number of CSI report settings. 
Observation 5: For CSI report associated with periodic/semi-persistent CSI-RS, Option 2-1 or 2-2 is preferable in terms of consumption of number of CSI report settings.
Besides, Option 2-1 and Option 2-2 can be supported by reusing the framework of multiple sub-configurations per CSI report configuration in Rel-18. 
[bookmark: _Hlk159232307]In Rel-18, two types of multiple sub-configurations in one CSI report configuration have been standardized.
· [bookmark: _Int_87xut8TV]Type 1: Each sub-configuration provided by CSI-ReportSubConfig-r18 includes the corresponding list of NZP CSI RS resources indicated by nzp-CSI-RS-ResourceList-r18.
· Type 2: Each sub-configuration provided by CSI-ReportSubConfig-r18 includes the corresponding set of CSI-RS antenna ports indicated by portSubsetIndicator-r18 used for CSI calculation of the sub-configuration. 
For SBFD operation, Option 2-1 can be supported under the framework of Type 1, and Option 2-2 can be supported under the framework of Type 2. 
Observation 6: For CSI report associated with periodic/semi-persistent CSI-RS, Option 2-1 and 2-2 can be supported under the framework of multiple sub-configurations per CSI report configuration in Rel-18.

Separate configurations for SRS, PUCCH and PUSCH
[bookmark: _Int_WMHORn7z]In our view, it is beneficial and necessary to support separate resources, separate frequency hopping parameters, separate UL power control parameters and separate beams/spatial relations for SRS, PUCCH and PUSCH on the SBFD symbols and the non-SBFD symbols. Since SBFD symbols and non-SBFD symbols can have different amounts of available UL resources in the frequency domain, separate resource configurations are preferred to guarantee the UL performance as much as possible. For the frequency resources with different sizes, the frequency hopping patterns would also be different, and thus separate frequency hopping parameters are more desirable. To support the full-duplex operation within the SBFD symbols at the gNB side, the SBFD symbols may use an antenna configuration different from that of the non-SBFD symbols. Additionally, the SBFD symbols may experience a different interference environment than that of the non-SBFD symbols. For different antenna configurations and different interference environments, the preferred UL powers and the preferred beams would also be different. Therefore, separate UL power control parameters and separate beams are more desirable. 
[bookmark: _Int_xm0Rvljt]Furthermore, separate configurations of the UL power control parameters and separate configurations of the beams should be supported for both the legacy (Rel-15) TCI framework and the unified (Rel-17) TCI framework. In Rel-17, the unified TCI has been standardized. Under the unified TCI framework, the UL power control parameters are provided under the TCI state IE and a single TCI state is applied to many physical channels/signals after the beam application time. Since then, many newly introduced functionalities (e.g., Rel-18 LTM, Rel-18 STxMP, Rel-18 CJT) are under the assumption of using the unified TCI. Considering the trend of using the unified TCI more extensively, it would be desirable to also support separate UL power control parameters and separate beams under the unified TCI framework.
Proposal 9: Separate configurations for SRS, PUCCH and PUSCH on the SBFD symbols and the non-SBFD symbols should be supported, including separate resources, separate frequency hopping parameters, separate UL power control parameters and separate beams/spatial relations.
· Separate UL power control parameters and separate beams/spatial relations are supported for both the legacy (Rel-15) TCI framework and the unified (Rel-17) TCI framework.
Conclusion
According to the discussions above, we have the following observations and proposals.
Semi-static indication of frequency location of SBFD subbands
Proposal 1: For configuration of SBFD subbands, consider the following 3 alternatives for down-selection. Alt. 1 is slightly preferred.
· Alt. 1: The SBFD subbands are configured per DL SCS-SpecificCarrier with reference to the CRB grid of a reference SCS which is equal to the SCS of the corresponding DL SCS-SpecificCarrier.
· For the UL subband, the start CRB and number of CRBs are configured. The start CRB is configured with reference to the start CRB of the corresponding DL SCS-SpecificCarrier or Point A. 
· For DL subband(s) and guardband(s) if any, the number of CRBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as CRBs which are not within UL subband or guardband(s) in the corresponding DL SCS-SpecificCarrier.
· The reference SCS of the configuration for a DL SCS-SpecificCarrier is
· Alt.1-1: indicated in the configuration. The indicated SCS is equal to the SCS of the DL SCS-SpecificCarrier.
· Alt.1-2: defined as the SCS of the DL SCS-SpecificCarrier.
· Alt. 2: The SBFD subbands are configured per cell with reference to the CRB grid of a reference SCS.
· For a DL/UL subband, the start CRB and number of CRBs are configured. The start CRB is configured with reference to Point A.
· The Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
· The reference SCS for the configuration for a cell is
· Alt. 2-1: indicated in the configuration.
· Alt. 2-2: defined as the minimum/maximum of the SCS of all DL SCS-SpecificCarrier and the SCS of all UL SCS-SpecificCarrier.
· Alt. 2-3: defined as 15/60 kHz for FR1, 60/120 kHz for FR2-1.
· Alt. 3: An UL subband and guardband(s) if any are configured per cell with reference to the CRB grid of a reference SCS. 
· For the UL subband, the start CRB and number of CRBs are configured. The start CRB is configured with reference to Point A.
· For each DL/UL BWP, the DL subband is implicitly derived as RBs which are not overlapping with the UL subband or guardband(s).
· The reference SCS for the configuration for a cell is
· Alt. 3-1: indicated in the configuration.
· Alt. 3-2: defined as the minimum/maximum of the SCS of all DL SCS-SpecificCarrier and the SCS of all UL SCS-SpecificCarrier.
· Alt. 3-3: defined as 15/60 kHz for FR1, 60/120 kHz for FR2-1.
Semi-static indication of time location of SBFD subbands
Proposal 2: The SBFD symbols are configured continuously in a TDD UL/DL pattern period.
Proposal 3: The SBFD symbols are configured based on the referenceSubcarrierSpacing in tdd-UL-DL-ConfigurationCommon.
Proposal 4: A slot can be configured with both SBFD symbols and non-SBFD symbols.
Proposal 5: For configuration of SBFD symbols, consider the following 2 options.
· Option 1: SBFD symbols are explicitly configured. The non-SBFD symbols are implicitly derived as symbols which are not SBFD symbols.
· [bookmark: _Int_TkebJ3Dk]Option 2: Non-SBFD symbols are explicitly configured. The SBFD symbols are implicitly derived as symbols which are not non-SBFD symbols.
Observation 1: The Note below in the WID may have impacts on the configuration of SBFD symbols. However, the meaning is unclear and needs to be clarified.
· “Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols.”
Proposal 6: Clarify the meaning of the Note: 
· [bookmark: _Int_dOS4sIhN]Clarify the scope of the “legacy Uplink symbol”. It refers to:
· Interpretation A: UL symbols indicated by tdd-UL-DL-ConfigurationDedicated.
· Interpretation B: UL symbols indicated by tdd-UL-DL-ConfigurationDedicated or the SFI in DCI format 2_0.
· Clarify which interpretations of the Note below should be taken.
· Interpretation 1: For a flexible symbol indicated by TDD-UL-DL-ConfigCommon, if the signaling for configuration of SBFD symbols configures it as an SBFD symbol, tdd-UL-DL-ConfigurationDedicated and the SFI in DCI format 2_0 should not indicate UL. 
· Interpretation 2: For a flexible symbol indicated by TDD-UL-DL-ConfigCommon, if tdd-UL-DL-ConfigurationDedicated or the SFI in DCI format 2_0 indicates UL, the signaling used for SBFD subband configuration should not configure it as an SBFD symbol. 
· Interpretation 3: For a flexible symbol indicated by TDD-UL-DL-ConfigCommon, if the signaling for configuration of SBFD symbols configures it as an SBFD symbol and tdd-UL-DL-ConfigurationDedicated or the SFI in DCI format 2_0 indicates UL, the SBFD symbol is a non-SBFD UL symbol.
Observation 2: Dynamic SBFD may be implicitly enabled with Interpretation B plus Interpretation 2 or Interpretation 3. Only other interpretations could be taken.
Observation 3: Which interpretations are selectable is related to whether the RRC signaling used for SBFD subband configuration is cell specific or UE specific.
Collision handling between DL reception and UL transmission
Proposal 7: For collision handling between DL reception and UL transmission, introduce a new UE-specific RRC signaling to indicate UL/DL for SBFD symbols.
· If an SBFD symbol is UL indicated by the RRC signaling, the symbol is only available for UL transmission. 
· If an SBFD symbol is DL indicated by the RRC signaling, the symbol is only available for DL reception. 
· If an SBFD symbol is not DL or UL indicated by the RRC signaling, whether UE receives or transmits on the symbol is determined according to a rule which is like that for the legacy semi-static flexible symbols. 
· FFS details of the rule.
Frequency resource allocation for CSI-RS across two DL subbands in SBFD symbols
Observation 4: For frequency resource allocation for CSI-RS across two DL subbands, Option 1 and Option 2-1 require explicit resource indication for each contiguous CSI-RS resource and new rules for solving the problem of unaligned boundaries between CSI-RS resource configuration and SBFD subbands.
Proposal 8: For frequency resource allocation for CSI-RS across two DL subbands, Option 2-2 is preferred.
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s).
CSI report
Observation 5: For CSI report associated with periodic/semi-persistent CSI-RS, Option 2-1 or 2-2 is preferable in terms of consumption of number of CSI report settings.
Observation 6: For CSI report associated with periodic/semi-persistent CSI-RS, Option 2-1 and 2-2 can be supported under the framework of multiple sub-configurations per CSI report configuration in Rel-18.
Separate configurations for SRS, PUCCH and PUSCH
Proposal 9: Separate configurations for SRS, PUCCH and PUSCH on the SBFD symbols and the non-SBFD symbols should be supported, including separate resources, separate frequency hopping parameters, separate UL power control parameters and separate beams/spatial relations.
· Separate UL power control parameters and separate beams/spatial relations are supported for both the legacy (Rel-15) TCI framework and the unified (Rel-17) TCI framework.
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