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1. Introduction
RAN1#116 agreed on the following agreements on SBFD-aware UE transmission and reception:  

	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
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
Agreement
A slot can consist of SBFD symbols and non-SBFD symbols.
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).
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
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
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.
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
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.



In the contribution, we discuss how to address SBFD aware UE behavior with legacy TDD slot configuration indications via TDD-UL-DL-ConfigDedicated and SFI in DCI format 2_0 in consideration of SBFD WID objectives/notes/assumptions. 
2. Discussions
The Subband full duplexing WID [1] aims to address fair coexistence and cross-link interferences in co-channel/adjacent channels based on the following assumptions: 
· 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
To minimize impact on BS-to-BS interference introduced by SBFD operation, such assumptions/notes prevent SBFD operation on legacy UL symbols where legacy UL symbol at least includes symbols intended to be used as uplink by base stations in co-channel and/or adjacent channel.  
Let’s assume the following TDD configuration as the agreed/aligned TDD configuration [DDDSU], where S has 7 DL symbols, 2 guard symbols and 5 UL symbols as shown in Figure 1. 
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Figure 1. Example of Aligned TDD Configuration
A SBFD base station may configure a cell specific TDD configuration as DDFFU. In this example, the SBFD base station may exchange DDDSU as an intended DL/UL configuration via Xn signaling (i.e., intended TDD DL-UL Configuration NR under Served Cell Information NR) while indicating DDFFU as a cell common DL/UL configuration via Xn signaling (i.e., TDD UL-DL Configuration Common NR under Served Cell Information NR) with its neighboring base stations. As intended TDD DL-UL Configuration NR is to address cross-link-interference among base stations, SBFD operation of the SBFD base station would be limited to symbols overlapping with non-UL symbols according to the intended TDD DL-UL Configuration NR (user Served Cell Information NR via Xn signaling). In other words, the SBFD base station may indicate 3rd slot as DL and/or SBFD symbols and first 7 symbols of 4th slot as DL and/or SBFD symbols. The SBFD base station may perform SBFD operation on 1st, 2nd, 3rd, and first 7 symbols of 4th slot, and will be prohibited to operate SBFD on second 7 symbols of 4th slot and 5th slot. Based on the SBFD operation in non-legacy UL symbols, the SBFD base station indicates a cell-specific SBFD configuration where indicated SBFD symbols are not overlapping with legacy UL symbols (e.g., UL resource in intended DL-UL configuration, and second 7 symbols of 4th slot and 5th slot). 
Observation 1: The  SBFD symbol indicated by a cell-specific configuration on time and frequency location of SBFD subbands should not overlap with legacy UL symbols indicated by intended TDD DL-UL Configuration NR (e.g., intended TDD UL/DL configuration). 
To ensure fair coexistence and to agree cross-link interference, Xn signaling of cell specific SBFD configuration should be considered. For example, CLI handling of coordinated scheduling e.g., information exchange of semi-static SBFD time and frequency configuration among neighboring base stations in co-channel/adjacent channels should be considered. 
Proposal 1: For cross link interference and fair coexistence, coordinated scheduling mechanism of information exchange, via Xn interface, of semi-static SBFD time/frequency configuration among neighboring base stations in co-channel/adjacent channel is supported. 
RAN1 has FFS on UE-specific SBFD configuration, and we prefer not to introduce. If it is introduced, impact on cross link interference should be considered such that it may not introduce additional SBFD symbols and additional UL resource beyond cell-specific SBFD symbols. 
Proposal 2: No UE-specific SBFD configuration is introduced. 
Regarding the discussion on interaction of SBFD symbol with legacy slot configuration signaling such as TDD-UL-DL-ConfigDedicated and SFI, we propose to keep legacy behaviors and prioritize cell-specific configuration over a UE-specific and a group-common signaling. There is a proposal to use legacy signaling to explicitly indicate a link direction (e.g., transmit or receive) in a SBFD symbol. This however may impact on legacy UEs behavior. For example, if SFI indicates UL on a SBFD symbol where SFI is received by both legacy and SBFD-aware UEs, this leads a behavior that SBFD operation occurs in a legacy UL symbol and also has impacts on interpretation of SFI by legacy UEs as illustrated in Figure 2. 
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Figure 2. Challenges to utilize SFI for SBFD Link Direction Indication
Moreover, legacy signaling do not cover DL symbols indicated by TDD-UL-DL-ConfigCommon and thus a new signaling may be required to explicit indicate a link direction on a SBFD symbol on cell-specific DL symbol. More importantly, required slot formats (e.g., DDDDDDFUUUUUUF for 3rd slot) need to be added to slot formats in Table 11.1.1-1 of TS 38.213 which introduces new entries/impacts on legacy UEs. In general, as shown in Figure 2, when SFI is shared between SBFD-aware UE and legacy UE, legacy UE would not be able to interpret SFI correctly (as shown for UE2 if shared case in the figure). If SFI is separated between SBFD-aware UE and legacy UE, we consider this is a new signaling. Similar problem exists in TDD-UL-DL-ConfigDedicated for example, slot format (DDDDDDFUUUUUUF for 3rd slot) is not supported in legacy TDD-UL-DL-ConfigDedicated. Based on drawbacks and impact on legacy UEs, we propose:
Proposal 3: Legacy signaling such as TDD-UL-DL-ConfigDedicated and SFI are not used to indicate a link direction on a SBFD symbol for a SBFD-aware UE. 
When a SBFD-aware UE receives a TDD-UL-DL-ConfigDedicated, the UE should prioritize cell-specific configurations including SBFD time/frequency configuration. The TDD-UL-DL-ConfigDedicated overrides only flexible symbols based on both TDD-UL-DL-ConfigCommon and cell specific SBFD configuration. A flexible symbol indicated by the cell specific SBFD configuration is considered a SBFD symbol. In other words, SBFD symbols indicated by the cell specific SBFD configuration is not overridden by the TDD-UL-DL-ConfigDedicated. 
However, based on the legacy TDD-UL-DL-ConfigDedicated, in particular, when SBFD symbols are present only subset of symbols in a slot, the SBFD-aware UE may receive a TDD-UL-DL-ConfigDedicated for the slot with the SBFD symbols. For example, if a SBFD-aware UE receives a slot format for the 3rd slot in Figure 2, existing TDD-UL-DL-ConfigDedicated may not properly indicate the slot format of (DDDDDDFUUUUUUF). In such a case, the SBFD-aware UE should expect either DL or flexible on such SBFD symbols i.e., TDD-UL-DL-ConfigDedicated should not indicate UL on symbols overlapping with SBFD symbols as SBFD operation is expected to occur on non-UL symbols. 
Proposal 4: TDD-UL-DL-ConfigDedicated overrides only flexible symbols (i.e., non-DL, non-UL by TDD-UL-DL-ConfigCommon and non-SBFD symbols by a cell specific SFBD configuration). A SBFD-aware UE does not expect to receive TDD-UL-DL-ConfigDedicated indicating UL for a symbol that overlaps with a SBFD symbol indicated by the cell-specific SBFD configuration. 
As SBFD operation is transparent to legacy UEs, TDD-UL-DL-ConfigDedicated signaling/behavior for legacy UEs remain the same i.e., UL resource indicated by TDD-UL-DL-ConfigDedicated to a legacy UE does not overlap with cell-specific SBFD symbol. 
Regarding SFI, we propose legacy behavior is maintained. In particular, as SFI is a group-common signaling that can be shared between legacy and SBFD-aware UEs, changes on SFI could impact legacy UEs. Moreover, legacy SFI behavior is as follows, where SFI should not change a link direction indicated by semi-static signaling.
For a set of symbols of a slot that are indicated as downlink/uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink/downlink, respectively, or as flexible.

Based on the agreement, SFI should not also change a SBFD symbol to non-SBFD symbol. Similar to the TDD-UL-DL-ConfigDedicated, SFI should indicate non-UL on symbols overlapping with SBFD symbols. 
Proposal 5: Legacy behavior of SFI is maintained for both legacy and SBFD-aware UEs i.e., For a set of symbols of a slot that are indicated as downlink/uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink/downlink, respectively, or as flexible. 
Additionally, a SBFD-aware UE does not expect to receive SFI indicating UL in a symbol that overlaps with a SBFD symbol indicated by the cell-specific SBFD configuration.  I.e., a set of SBFD symbols by a cell-specific SBFD configuration, a SBFD-aware UE does not expect detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink. 
In summary, a SBFD-aware UE expects a SBFD symbol may be indicated as downlink or flexible by legacy slot configuration signaling. However, UL subband configured in the SBFD symbol may be used as uplink operation for SBFD-aware UEs based on scheduling i.e., Option 1. 
3. Conclusions
We have the following observation and proposals. 

Observation 1: The  SBFD symbol indicated by a cell-specific configuration on time and frequency location of SBFD subbands should not overlap with legacy UL symbols indicated by intended TDD DL-UL Configuration NR (e.g., intended TDD UL/DL configuration). 
Proposal 1: For cross link interference and fair coexistence, coordinated scheduling mechanism of information exchange, via Xn interface, of semi-static SBFD time/frequency configuration among neighboring base stations in co-channel/adjacent channel is supported. 
Proposal 2: No UE-specific SBFD configuration is introduced. 
Proposal 3: Legacy signaling such as TDD-UL-DL-ConfigDedicated and SFI are not used to indicate a link direction on a SBFD symbol for a SBFD-aware UE. 
Proposal 4: TDD-UL-DL-ConfigDedicated overrides only flexible symbols (i.e., non-DL, non-UL by TDD-UL-DL-ConfigCommon and non-SBFD symbols by a cell specific SFBD configuration). A SBFD-aware UE does not expect to receive TDD-UL-DL-ConfigDedicated indicating UL for a symbol that overlaps with a SBFD symbol indicated by the cell-specific SBFD configuration. 
Proposal 5: Legacy behavior of SFI is maintained for both legacy and SBFD-aware UEs i.e., For a set of symbols of a slot that are indicated as downlink/uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink/downlink, respectively, or as flexible. 
Additionally, a SBFD-aware UE does not expect to receive SFI indicating UL in a symbol that overlaps with a SBFD symbol indicated by the cell-specific SBFD configuration.  I.e., a set of SBFD symbols by a cell-specific SBFD configuration, a SBFD-aware UE does not expect detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink. 
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