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Introduction
Discussion for this agenda item aims for the following objectives listed in the WID of the Rel-19 work item on SBFD for the evolution of NR duplex operation [1]:
	· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded
· [bookmark: _Hlk153407590]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol
· Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· 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



This contribution provides our consideration on indication of SBFD subbands and TX/RX/measurement procedures for SBFD aware UE.
Semi-static indication of time location of SBFD subbands
Support of UE-specific configuration
For the signaling aspects of SBFD subbands time location indication, at least cell-specific configuration was agreed in the last meeting [2]:
	Agreement
For RRC connected mode UEs, at least cell-specific configuration on time and frequency(working assumption) location of SBFD subbands is supported within a TDD carrier.
· FFS: Additional support of UE-specific configuration on time and/or frequency locations of SBFD subbands



The cell-specific configuration can be carried in SIB, and also in UE dedicated signaling such as ServingCellConfigCommon when configuring a UE with a SCells or with an SCG or for SpCells upon reconfiguration with sync. The point FFS is additional support of UE-specific configuration. We support the UE-specific time location configuration. Firstly, it is compatible with current UE-specific UL/DL TDD configuration. Secondly, the motivation of SBFD operation is to enhance coverage and reduce latency for UL by utilizing resource in DL and/or flexible symbols. However, some UEs may have DL heavy service preferring not to use the same number of flexible symbols determined by TDD-UL-DL-ConfigCommom for SBFD symbols as other UL latency strict UEs. So it is preferred that the symbol with undetermined UL/DL direction by the configuration of TDD-UL-DL-ConfigCommon can be indicated as SBFD symbol by TDD-UL-DL-ConfigDedicated.
Proposal 1: TDD-UL-DL-ConfigDedicated can configure SBFD symbol per slot overriding non-SBFD flexible symbol as provided by TDD-UL-DL-ConfigCommon.
Period for SBFD subbands time location
Options for SBFD subbands time location period were discussed in the last meeting with options for further down-selection listed as below [2]:
	Agreement:
For RRC connected mode UEs, SBFD subband time locations are configured within a period. At least when only one TDD-UL-DL pattern is configured, the period is down-selected from one of the following options.
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· Option 2: The period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· FFS: Further details
FFS: Details when two TDD-UL-DL patterns are configured



Between the two options, we slightly prefer option 2 since it is more flexible than option 1. When the integer is set to one, the period configured by option 2 becomes the same as option 1. When two TDD-UL-DL patterns are configured, the period is integer multiple of the sum of the two TDD-UL-DL pattern periods, i.e. [image: ].
Proposal 2: The period for SBFD subbands time location is integer multiple of TDD-UL-DL pattern period, which is configured by dl-UL-TransmissionPeriodicity for only one TDD-UL-DL pattern configuration or the sum of two values configured respectively by dl-UL-TransmissionPeriodicity for two TDD-UL-DL patterns configuration.
Configuration within a TDD-UL-DL pattern
Within each TDD-UL-DL pattern period, SBFD symbols are configured in consecutive manner to limit maximum of two symbol type transition points.
	Agreement
A slot can consist of SBFD symbols and non-SBFD symbols.
For semi-static indication of SBFD subband time location,
· When only one TDD-UL-DL pattern is configured, SBFD symbols are configured in consecutive manner within a TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for only one of the patterns, SBFD symbols are configured in consecutive manner within the TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for both patterns, SBFD symbols are configured in consecutive manner within each TDD-UL-DL pattern period.
· SBFD symbols are configured in DL and/or flexible symbols configured in TDD-UL-DL-ConfigCommon
· The configured SBFD symbols can start from any symbol within a slot and can end in any symbol within a slot.
· referenceSubcarrierSpacing in TDD-UL-DL-ConfigCommon is used as reference SCS.
· FFS details



Introducing new fields in TDD-UL-DL-Pattern in TDD-UL-DL-ConfigCommon is considered for the indication of consecutive time location of SBFD subbands within a TDD-UL-DL pattern period. The SBFD slot/symbol configured by the new fields can override the legacy configuration by TDD-UL-DL-Pattern and is transparent for legacy UEs.
[bookmark: _GoBack]For legacy TDD-UL-DL configuration, consecutive DL/UL symbols are indicated by semi-static signaling resulting maximum one DL UL transition point in a TDD-UL-DL pattern period. For SBFD subbands time location indication within a TDD-UL-DL pattern, the DL UL transition point should also be minimized to reduce the DL UL switching guard period. As shown in figure 1(a), arbitrary time location of SBFD subbands within a TDD-UL-DL pattern period may have DL symbols between SBFD symbols and UL symbols. Then at the frequency location of UL subband, there are three DL UL transition points which should be avoided. Instead, SBFD symbols can be configured adjacent to UL symbols illustrated in figure 1(b), in which there is only one DL UL transition point within a pattern period. In this way, the number of SBFD slots before UL slot (e.g. 3 is configured in figure 1(b)), and the number of SBFD symbols in the first SBFD slot (e.g. 7 is configured in figure 1(b)) can be configured by the new fields.
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 based on the SI outcome [3]. Whether the guard period needs to be explicitly configured between SBFD and non-SBFD symbols can be further studied.
         
(a)DL symbols between SBFD symbols and UL symbols   (b) SBFD symbols and UL symbols are consecutive
Figure 1 Indication of consecutive time location of SBFD subbands within a TDD-UL-DL pattern period
Proposal 3: Restriction of maximum number of DL UL transition point for SBFD-aware UE within TDD-UL-DL pattern period needs to be discussed in RAN1.
Proposal 4: Introduce new fields in TDD-UL-DL-Pattern in TDD-UL-DL-ConfigCommon to indicate the number of SBFD slots before UL slot and the number of SBFD symbols in the first SBFD slot for cell specific configuration of SBFD subbands time location.
Semi-static indication of frequency location of SBFD subbands
Cell-specific or UE-specific
The support of cell-specific configuration on frequency location of SBFD subbands was made as working assumption in the last meeting. Some companies think the UL subband frequency location needs to be indicated per-BWP UE-dedicatedly for RRC-connected UEs. According to current specification, a UE can be configured a set of at most four UL BWPs for a serving cell in an UL bandwidth. Configuring frequency location of UL subband within each BWP UE specifically requires higher signaling overhead with unclear benefit. Cell-specific UL subband configuration has the merit for easier interference handling and exchanging subband frequency location information among gNBs.
Some companies think the guardband between UL subband and DL subband depends on UE capability, we are open to discuss whether there is UE specific guardband size.
Proposal 5: As least cell-specific configuration of SBFD UL subband frequency location within a TDD carrier is supported for RRC connected mode UEs.
Reference starting RB and reference SCS
	Agreement
The subband frequency-domain resources are same across different SBFD symbols within a TDD carrier. Frequency location of cell specific UL subband, and DL subband(s) if explicitly indicated, are indicated with reference to CRB grid.
· RB-level granularity is supported for semi-static indication of SBFD subband frequency location.
· Subject to RAN4 guidance on the size of subband/guardband, if any
· FFS reference starting RB and reference SCS



Regarding reference starting RB and reference SCS, it can be similar as current indication of a BWP. Reusing the BWP frequency location indication mechanism, the starting and bandwidth of the UL subband can be indicated by a field being interpreted as resource indicator value (RIV). The starting RB of UL subband indication is referred to starting RB of the carrier configured by offsetToCarrier. The subband frequency-domain location indication is configured for each subcarrier spacing in a serving cell. 
Proposal 6: For the explicit indication of one UL subband, a field being interpreted as resource indicator value (RIV) is used to indicate cell specific starting and bandwidth of the UL subband.
· The starting RB is referred to starting RB of the carrier configured by offsetToCarrier. 
· It is configured for each subcarrier spacing in a serving cell.
Explicitly configuration for guardband(s) or DL subband(s)
For frequency location configuration of DL subband(s) and guardband(s) if any, the following two viable solutions are to be down-selected [2]:
	Agreement:
The maximum number of UL subbands for SBFD operation in an SBFD symbol within a TDD carrier is one.
The UL subband can be located at one side of the carrier or can be located at the middle part of the carrier.
For semi-static indication of SBFD subband frequency location, down-select from the following options.
· Option 1: Frequency locations of UL subband and 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: Frequency location of UL subband and the number of RBs for guardband(s), if any, are explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).



Option 1 requires the signaling to configure the frequency locations of at most two DL subbands, i.e. two fields would be introduced to configure the ending RB of the low frequency DL subband and the starting RB of the high frequency DL subband when the UL subband locates at the middle of the carrier. The signaling required by option 2 is one optional field to configure the number of RBs for guardband(s) if any, as the guardbands reserved next to the low and high frequency edge of the middle UL subband could be symmetric. In our view, the signaling for Option 2 is simpler than the signaling for Option 1, thus option 2 is preferred.
In some companies’ view, option 1 can also use one field to configure the number of RBs for DL subband(s) which is the same signaling overhead as option 2. One or two DL subbands is determined by the configured number at one or two edges of the carrier. We think the proposed way is still no better than option 2. For one thing, the signaling size to indicate number of RBs for DL subband(s) may be larger than the size to indicate the number of RBs for guardband(s). For another thing, the proposed way restricts the two DL subbands should be symmetric at edges of the carrier when UL subband locates at the middle.
Proposal 7: Frequency location of UL subband and the number of RBs for guardband(s), if any, are explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
Usable PRBs determination
For the following considered options to determine UL/DL usable PRBs in the last meeting, since cell-specific configuration of SBFD UL subband frequency location is supported for a serving cell and UE should use the resource in active BWPs, UL/DL usable PRBs could be determined as intersection between UL/DL subband(s) and active UL/DL BWP in SBFD symbols.
	Agreement
For discussion purpose, UL subband frequency resources within active UL BWP are called UL usable PRBs and DL subband(s) frequency resources within active DL BWP are called DL usable PRBs.
For determining UL/DL usable PRBs, consider the following options.
· Option 1: UL usable PRBs are determined as intersection between cell-specific UL subband and active UL BWP in SBFD symbols. DL usable PRBs are determined as intersection between cell-specific DL subband(s) and active DL BWP in SBFD symbols.
· Option 2: UL/DL usable PRBs are explicitly configured within active UL/DL BWP in SBFD symbols.



Proposal 8: UL/DL usable PRBs are determined as intersection between UL/DL subband(s) and active UL/DL BWP in SBFD symbols.
TX/RX/measurement procedures
Transmission and reception behaviors on SBFD subbands
Interaction with TDD-UL-DL-ConfigDedicated and dyamic SFI
For legacy TDD UL DL configuration, tdd-UL-DL-ConfigurationDedicated overrides only flexible symbols as provided by tdd-UL-DL-ConfigurationCommon. DCI format 2_0 cannot indicate symbol as uplink/downlink, respectively, or as flexible when the symbol is indicated as downlink/uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated. When SBFD symbol are configured, the configuration interaction with TDD-UL-DL-ConfigDedicated indication and SFI in DCI format 2_0 needs to be discussed.
	Agreement
For SBFD-aware UE transmission and reception in the SBFD symbols configured in DL and/or flexible in TDD-UL-DL-ConfigCommon, 
· UL transmissions within UL usable PRBs are allowed
· FFS SSB symbols
· DL receptions within DL usable PRBs are allowed
· UL transmissions outside UL usable PRBs are not allowed
· DL receptions outside DL usable PRBs are not allowed
· This restriction is not applicable for CLI measurement
CLI measurement behaviours for SBFD-aware UE are discussed in agenda item 9.3.3.
RAN1 to discuss SBFD aware UE behaviors in SBFD symbols with interaction with legacy TDD slot configuration indications via TDD-UL-DL-ConfigDedicated and SFI in DCI format 2_0
· DCI format 2_0 cannot be used to revert SBFD symbol to non-SBFD symbol



For a flexible symbol provided by legacy tdd-UL-DL-ConfigurationCommon which is not configured as SBFD symbol by cell specific and UE specific signaling, the legacy behaviors as configured by TDD-UL-DL-ConfigDedicated and dynamic SFI can be reused.
For a flexible symbol provided by legacy tdd-UL-DL-ConfigurationCommon which is configured as SBFD symbol by cell specific or UE specific signaling, it was agreed DCI format 2_0 cannot be used to revert it to non-SBFD symbol. Similarly, for a flexible symbol provided by legacy tdd-UL-DL-ConfigurationCommon which is configured as SBFD symbol by cell specific signaling, TDD-UL-DL-ConfigDedicated should not revert it to non-SBFD symbol.
Proposal 9: TDD-UL-DL-ConfigDedicated should not revert a SBFD symbol configured by cell specific signaling to non-SBFD symbol.
Link direction from UE perspective
From SBFD-aware UE perspective, it needs to decide whether to transmit or to receive in the SBFD symbol.
	Agreement
For SBFD-aware UE transmission and reception in an SBFD symbol, consider the following options to determine link direction, i.e. whether to transmit or to receive in the SBFD symbol. 
· Option 1: UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).
· Option 2: link direction is indicated by gNB explicitly.
Other options are not precluded. 
Agreement:
For SBFD-aware UEs, collisions between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol may be addressed or alleviated with proper scheduling. The following cases of potential collisions, [if link direction indication is not supported or provided], can be further studied to see if any change to the current specs is necessary:
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 6: Dynamic or semi-static DL vs. valid RO
Note: In addition to collision between UL transmission and DL reception in the same SBFD symbol(s), collision between UL transmission and DL reception in different symbol(s) due to lack of sufficient transition time between Tx/Rx at UE side is also included.



Rules to solve collisions between DL reception and UL transmission had been discussed and defined for HD-FDD RedCap UEs in Rel-17, which can be reused as much as possible to minimize the specification impact. There was proposal by some companies to specify explicit indication for link direction. Introducing additional signaling needs specification work to decide whether the indication is semi-static and/or dynamic, as well as additional UE specific signaling overhead. If current TDD-UL-DL-ConfigDedicated and SFI in DCI format 2_0 are extended to be applied to indicate the link direction of the SBFD symbol, rules to solve DL UL collisions are still required when the signal is not sent.
Proposal 10: To determine link direction in SBFD symbol for SBFD-aware UEs, study to reuse the rules defined for HD-FDD RedCap UEs as much as possible. 
On whether UL transmission is allowed in an UL subband in symbol with SSB, the pons and cons were discussed during SI [3]. As analyzed in the SI, allowing UE to transmit in the SSB symbol can increase the UL opportunities benefiting UL performance. To minimize the impact on SSB detection and measurement, conditions under which the UE is allowed to transmit in SSB symbol should be carefully studied. For example, if the frequency distance between SSB and UL transmission resource is larger than a gNB configured value, interference from UL transmission is not severe and UE transmission in SSB symbol is allowed. Similar to SSB, PDCCH in CORESET 0 and PDSCH for SIB1 are detected by all the UEs. The condition to allow UE transmission in CORESET 0, SIB1 symbols needs also to be studied to minimize the impact on SIB detection.
Proposal 11: Study the condition to allow SBFD aware UE transmission in SSB, CORESET 0, SIB1 symbols at least considering the distance between DL common signal and UL transmission.
Frequency domain resource allocation for transmission or reception in a SBFD symbol
Handling of unaligned boundaries
As the bandwidth of UL/DL usable PRBs would be smaller than the bandwidth of active UL/DL BWP, it is considered RBG size for RA type 0 in SBFD symbols is determined based on the size of UL/DL usable PRBs to have finer RA granularity. This option causes unaligned RBG division for SBFD symbols and non-SBFD symbols. It complicates the behavior when there is repetition across SBFD symbol and non-SBFD symbol. Considering legacy UEs are also scheduled in the same SBFD symbol as SBFD aware UEs, the RBG size is better to be determined in the legacy way for easier resource management and reducing the resource fragmentation for legacy UEs.
Proposal 12: The RBG size determination for RA type 0 is not changed in SBFD symbol, i.e. the RBG size in SBFD symbols is determined based on size of UL/DL BWP.
For handling of unaligned boundaries between SBFD subband and RBG, CSI reporting subband, CSI-RS resource, PRG, we support following the SI agreement that the resource inside the SBFD subband can be used, and the resource outside the SBFD subband is invalid.
Proposal 13: For handling of unaligned boundaries between SBFD subband and RBG, CSI reporting subband, CSI-RS resource, PRG:
· The part of the UL/DL RBG inside the UL/DL subband(s) can be used. The part of the UL/DL RBG outside the UL/DL subband(s) cannot be used.
· Only CSI-RS resources within DL subband(s) are valid for SBFD-aware UEs.
· CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s).
· The part of the DL PRG inside the DL subband(s) can be used for SBFD-aware UEs.
Frequency resource allocation across two DL subbands
For UL transmission, DL transmission when there is only one DL suband, the available resource is consecutive in frequency domain. Reusing the legacy resource allocation mechanism to allocate frequency resource in consecutive available resource is feasible. The possible specification impact for SBFD aware UE frequency resource allocation is mainly due to the DL unavailable frequency resource in UL subband and guardbands if any when two DL subbands are configured. For PDSCH, PDCCH, CSI-RS, the enhancement for resource allocation in non-consecutive available DL frequency resource for SBFD aware UE should be studied.
· PDSCH 
If PRG is determined as wideband, the following two options were studied in SI for SBFD-aware UEs.
[bookmark: MCCQCTEMPBM_00000193]-	Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
[bookmark: MCCQCTEMPBM_00000194]-	Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
Since Option 1 can achieve better scheduling flexibility and higher DL data rate, we propose to support option 1 in the WI. 
Proposal 14: If PRG is determined as wideband for PDSCH, support non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband.
For PDSCH RA type 0 without repetition for SBFD-aware UEs, the current FDRA DCI field can be reused to allocate frequency resource in SBFD symbols or in non-SBFD symbols. It can allocate non-consecutive resources across two DL subbands for SBFD symbols. If there is no DL only non-SBFD symbols configured, the FDRA bitmap bit size can be reduced excluding the bits mapped to RBGs entirely within the UL subband and guardbands. Otherwise, the size of bitmap should keep the same as legacy for the same FDRA size to allocate DL resource in SBFD symbols and non-SBFD symbols.
For PDSCH RA type 1 without repetition for SBFD-aware UEs, allocation of non-consecutive frequency resources is not supported for non-interleaved VRB-to-PRB mapping. For interleaved VRB-to-PRB mapping, it is also hard to ensure the allocated resource is not in the DL unavailable frequency location. To allocate non-consecutive resources across two DL subbands for SBFD symbols, it is considered an easy way is performing rate matching for PDSCH, including its DM-RS, around the UL subband and guardbands if any. The FDRA field size is the same as legacy even there are no DL only non-SBFD symbols configured. For interleaved VRB-to-PRB mapping, some of the allocated resource would possibly still be in UL subband and guardbands if any and cannot be used by rate matching operation. Another way is to number the non-consecutive CRBs across two DL subbands by consecutive VRB/PRB indices, which forms a virtual consecutive DL BWP mapping to the two DL subbands. The current FDRA field can indicate RIV allocating a set of consecutive VRBs for the virtual DL BWP. Legacy VRB-to-PRB mapping is used and as a result the indicated VRBs are mapped to CRBs in the two DL subbands. An example is shown in figure 2. When there is no DL only symbols configured, the number of FDRA DCI bits can be reduced to the size based on the virtual DL BWP size. For both non-interleaved and interleaved VRB-to-PRB mapping, it can be guaranteed the allocated resource is within DL subbands and can be utilized.
  
(a) non-interleaved VRB-to-PRB mapping                (b) interleaved VRB-to-PRB mapping
Figure 2 RIV indicates contiguous VRBs for virtual DL BWP with consecutive VRB/PRB indices mapped to two DL subbands
· PDCCH
Currently, RRC parameter frequencyDomainResources provides a bitmap mapping with non-overlapping groups of 6 consecutive PRBs for the frequency resource allocation of PDCCH CORESET within a DL BWP. The following options were considered in the SI, 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 for SBFD-aware UE [3]:
[bookmark: MCCQCTEMPBM_00000223]-	Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
[bookmark: MCCQCTEMPBM_00000224]-	Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
[bookmark: MCCQCTEMPBM_00000225]-	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).
[bookmark: MCCQCTEMPBM_00000226]-	Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
[bookmark: MCCQCTEMPBM_00000227]-	Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Option 2 may impact PDCCH performance or gNB has to use a larger PDCCH AL. Even part of a CCE overlaps with RBs outside DL subband(s), option 3 does not use the whole PDCCH candidate and option 4 drops the whole search space, which is not efficient for PDCCH resource utilization. Option 5 requires additional RRC signaling. As one way for option 1, if non-consecutive CRBs across two DL subbands are numbered by consecutive VRB/PRB numbers forming a virtual DL BWP in SBFD symbols, current parameter frequencyDomainResources can configure the CORESET PRB location within the virtual DL BWP and the configured PRBs can map to the non-consecutive CRBs across two DL subbands.
· CSI-RS
In current specification, consecutive PRBs are configured for CSI-RS by the parameters startingRB and nrofRBs in the IE CSI-FrequencyOccupation. startingRB and nrofRBs must be integer multiple of 4. Frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs was studied in the SI considering the following options [3]:
-	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) 
Option 1 requires additional signaling to link two CSI-RS resources in two DL subbands. Option 2-2 can reuse the existing signaling design. To configure different CSI-RS PRB location and bandwidth in SBFD symbols and non-SBFD symbols, option 2-2 needs separate RRC signaling for SBFD symbols and non-SBFD symbols respectively. Option 2-1 can also reuse the existing signaling by configuring CSI-RS PRB within virtual DL BWP and then mapping the configured PRB to the non-consecutive CRBs across two DL subbands, which can use the same signaling for SBFD symbols and non-SBFD symbols with different interpretation.
Proposal 15: For PDSCH RA type 1, PDCCH, CSI-RS to allocate non-contiguous resources across two DL subbands for SBFD symbols, study a virtual DL BWP with consecutive VRB/PRB numbering mapping to non-consecutive CRBs across two DL subbands.
Frequency domain resource allocation for transmission or reception across SBFD and non-SBFD symbols
Resource allocation across SBFD and non-SBFD symbols needs to take into account that the bandwidth of available frequency resource in non-SBFD symbol is larger than it within the subband(s) in SBFD symbol. For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots for SBFD-aware UEs (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), if the transmissions/receptions can be in SBFD symbols and non-SBFD symbols, the mechanism for PDSCH, CSI-RS, PUSCH, PUCCH, SRS can be chosen from the options studied during SI [3]:
[bookmark: MCCQCTEMPBM_00000195]-	Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 
[bookmark: MCCQCTEMPBM_00000196]-	Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
[bookmark: MCCQCTEMPBM_00000197]-	Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 
[bookmark: MCCQCTEMPBM_00000198]-	Option 1-3: single FDRA configuration/indication and RB offset(s)
[bookmark: MCCQCTEMPBM_00000199]-	Option 2: Perform rate matching or puncturing on the RBs outside DL/UL subbands for DL/UL channels/signals. 
[bookmark: MCCQCTEMPBM_00000200]-	Option 3: A DL/UL channel/signal overlapping with RBs outside DL/UL subbands in a SBFD slot is dropped or postponed.
Option 1 can allocate different frequency resource locations and bandwidths for SBFD slots and non-SBFD slots, which can match the available frequency resource in each slot and utilize the resource flexibly. 
Option 1-1 provides the most flexibility requiring separate signaling, which is more suitable for CG PUSCH, PUCCH, SRS, SPS PDSCH, CSI-RS. For dynamic scheduled PDSCH/PUSCH, DCI size is pursued to be minimized and option 1-1 is considered introducing large DCI overhead. 
Option 1-2 uses the same FDRA as for non-SBFD slots to indicate frequency resource for SBFD slots by specifying a different interpretation of the field for SBFD slots. The option does not increase the FDRA signaling size but leads to some relationship between the allocated resource in SBFD slots and non-SBFD slots due to the re-interpretation. For PDSCH/PUSCH RA type 0, a way for the re-interpretation is truncating the bitmap by not mapping to RBGs entirely within the unavailable frequency resource. For PDSCH/PUSCH RA type 1, the FDRA bits can also be truncated indicating RIV to allocate resource in a DL subband, a virtual DL BWP, or an UL subband. An example for re-interpreting RA type 0 FDRA bitmap is shown in figure 3.
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Figure 3 Example for Option 1-2 FDRA indication
For option 1-3, the FDRA overhead increasing can be between option 1-1 and 1-2. For UL allocation or DL allocation when there is only one DL subband, indicating one RB offset is applicable. When the available frequency resource in SBFD slots is not consecutive and divided into two DL subbands, the allocated resource in DL non-SBFD slots may need to be divided and shifted with two RB offsets to determine the resource in two DL subbands in SBFD slots, which is complex in this case. Since the available frequency resource in SBFD slot is less than the resource in non-SBFD slot, how to scale the allocated resource size in SBFD slot also needs discussion when the shifted allocated resource cannot fit in the available subband(s). Figure 4 illustrates an example case when the allocated resources for UE1 and UE2 exceed the UL subband size.
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Figure 4 Example for Option 1-3 FDRA indication
Proposal 16: For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots for SBFD-aware UEs, if the transmissions/receptions can be in SBFD symbols and non-SBFD symbols, single FDRA configuration/indication and RB offset(s) is considered together with resource size scaling.
Option 2 cannot allocate the frequency resource as flexibly as option 1, since rate matching or puncturing does not change the allocated frequency location. It is also not fair for UEs who is allocated much resources overlapping with unavailable subband(s) and guardband(s) if any.
Option 3 may impact the performance or increase the latency for the same repetition times.
In a summary, from our perceptive, option 1-2 and 1-3 are proposed to be further studied for dynamically scheduled PDSCH/PUSCH.
Proposal 17: For PDSCH/PUSCH with repetition across SBFD symbols and non-SBFD symbols in different slots for SBFD-aware UEs, the following RA options are further studied for RA type 0/1 allocation in DCI:
· Separate frequency resources determination for SBFD slots and non-SBFD slots based on single FDRA configuration/indication.
· Single FDRA configuration/indication and RB offset(s).
Conclusion
In this contribution, our views are provided on SBFD subbands time frequency location indication and TX/RX/measurement procedures for SBFD aware UE.
Based on the discussion, we have following proposals:
Proposal 1: TDD-UL-DL-ConfigDedicated can configure SBFD symbol per slot overriding non-SBFD flexible symbol as provided by TDD-UL-DL-ConfigCommon.
Proposal 2: The period for SBFD subbands time location is integer multiple of TDD-UL-DL pattern period, which is configured by dl-UL-TransmissionPeriodicity for only one TDD-UL-DL pattern configuration or the sum of two values configured respectively by dl-UL-TransmissionPeriodicity for two TDD-UL-DL patterns configuration.
Proposal 3: Restriction of maximum number of DL UL transition point for SBFD-aware UE within TDD-UL-DL pattern period needs to be discussed in RAN1.
Proposal 4: Introduce new fields in TDD-UL-DL-Pattern in TDD-UL-DL-ConfigCommon to indicate the number of SBFD slots before UL slot and the number of SBFD symbols in the first SBFD slot for cell specific configuration of SBFD subbands time location.
Proposal 5: As least cell-specific configuration of SBFD UL subband frequency location within a TDD carrier is supported for RRC connected mode UEs.
Proposal 6: For the explicit indication of one UL subband, a field being interpreted as resource indicator value (RIV) is used to indicate cell specific starting and bandwidth of the UL subband.
· The starting RB is referred to starting RB of the carrier configured by offsetToCarrier. 
· It is configured for each subcarrier spacing in a serving cell.
Proposal 7: Frequency location of UL subband and the number of RBs for guardband(s), if any, are explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
Proposal 8: UL/DL usable PRBs are determined as intersection between UL/DL subband(s) and active UL/DL BWP in SBFD symbols.
Proposal 9: TDD-UL-DL-ConfigDedicated should not revert a SBFD symbol configured by cell specific signaling to non-SBFD symbol.
Proposal 10: To determine link direction in SBFD symbol for SBFD-aware UEs, study to reuse the rules defined for HD-FDD RedCap UEs as much as possible. 
Proposal 11: Study the condition to allow SBFD aware UE transmission in SSB, CORESET 0, SIB1 symbols at least considering the distance between DL common signal and UL transmission.
Proposal 12: The RBG size determination for RA type 0 is not changed in SBFD symbol, i.e. the RBG size in SBFD symbols is determined based on size of UL/DL BWP.
Proposal 13: For handling of unaligned boundaries between SBFD subband and RBG, CSI reporting subband, CSI-RS resource, PRG:
· The part of the UL/DL RBG inside the UL/DL subband(s) can be used. The part of the UL/DL RBG outside the UL/DL subband(s) cannot be used.
· Only CSI-RS resources within DL subband(s) are valid for SBFD-aware UEs.
· CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s).
· The part of the DL PRG inside the DL subband(s) can be used for SBFD-aware UEs.
Proposal 14: If PRG is determined as wideband for PDSCH, support non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband.
Proposal 15: For PDSCH RA type 1, PDCCH, CSI-RS to allocate non-contiguous resources across two DL subbands for SBFD symbols, study a virtual DL BWP with consecutive VRB/PRB numbering mapping to non-consecutive CRBs across two DL subbands.
Proposal 16: For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots for SBFD-aware UEs, if the transmissions/receptions can be in SBFD symbols and non-SBFD symbols, single FDRA configuration/indication and RB offset(s) is considered together with resource size scaling.
Proposal 17: For PDSCH/PUSCH with repetition across SBFD symbols and non-SBFD symbols in different slots for SBFD-aware UEs, the following RA options are further studied for RA type 0/1 allocation in DCI:
· Separate frequency resources determination for SBFD slots and non-SBFD slots based on single FDRA configuration/indication.
· Single FDRA configuration/indication and RB offset(s).
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