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[bookmark: _Ref129681832][bookmark: _Hlk134024791]In RAN1#116 meeting, the evolution of NR duplex operation: sub-band full duplex (SBFD) [1] was discussed. The following was agreed [2] on the topic of SBFD TX/RX/measurement procedures:
	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 this contribution, we present our views on the SBFD TX/RX/measurement procedures and proposals for moving forward.
SBFD subband indication
[bookmark: _Hlk163223078]Similar to cell-specific configuration on time location of SBFD subbands, cell-specific configuration on frequency location of SBFD subbands enables all SBFD-capable UEs belonging to the same cell has unified subbands in frequency domain. The unified subbands include UL subband, DL subband(s) and guardband(s). This implies that locations of SBFD subbands in both time and frequency domain are the same for different UEs. It is noted that unified subbands in frequency domain aligns with the agreement achieved in the last RAN1#116 meeting that the subband frequency-domain resources are same across different SBFD symbols within a TDD carrier. 
Proposal 1: Confirm the working assumption about cell-specific configuration on frequency location of SBFD subbands within a TDD carrier for RRC connected mode UEs
	Agreement
For RRC connected mode UEs, at least cell-specific configuration on time and frequency location of SBFD subbands is supported within a TDD carrier.


In the last RAN1#116 meeting, the supported cell-specific configuration on time and/or frequency location of SBFD subbands within a TDD carrier leads to identical SBFD configuration for all SBFD-aware UEs in the serving cell, which is helpful for CLI handling. 
However, UE-specific configuration on time and/or frequency location of SBFD subband for different UEs may introduce unexpected and uncontrollable CLIs (both gNB-to-gNB and UE-to-UE CLIs), which will lead to significant performance degradation. This is similar to the UE-specific TDD configuration, which is specified but barely adopted in practical deployment. Therefore, it is not suggested to support UE-specific configuration on time and/or frequency location of SBFD subband.
Proposal 2: Do not support UE-specific configuration on time and/or frequency location of SBFD subband. 

[bookmark: _Hlk163204884]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 suggested to be the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon. This configuration is sufficient for the alignment between the SBFD period and TDD period. 
Although there might be more flexibility when the period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon, we fail to see the practical usage for this configuration. 
Proposal 3: 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, support Option 1:
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.

[bookmark: specType1][bookmark: specNumber]In TR 38.858, it has been agreed that for semi-static SBFD, a SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband(s) that the UE is aware of. Therefore, in SBFD configuration, UL subband and DL subband(s) are necessary in UE scheduling, while guardband(s) is not. Note that guardband(s) might be needed to control/reduce interference both at the gNB and UE. But guardband(s) is not mandatory. Therefore, for semi-static indication of SBFD subband frequency location where two out of three subbands (UL subband, DL subband(s) and guardband(s)) need to be indicated, support explicit configuration of frequency locations of UL subband and DL subband(s). Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
Proposal 4: For semi-static indication of SBFD subband frequency location, support Option 1:
· 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). 

It has been agreed in the last RAN1#116 meeting that frequency location of cell specific UL subband, and DL subband(s) if explicitly indicated, are indicated with reference to CRB grid. 
Point A serves as a reference point within the frequency domain. More specifically, the Common Resource Block (CRB) numbers the resource blocks starting from a reference point (Point A) for fixed numerology. Point A is a common reference point for all resource grids in the frequency domain. Each RG (resource grid) uses a specific 5G NR numerology and starts from a frequency offset from point A. Therefore, it is proposed to reuse Point A as reference staring RB of UL/DL subband in SBFD.
Furthermore, for semi-static indication of SBFD subband time location, it has been agreed to use referenceSubcarrierSpacing in TDD-UL-DL-ConfigCommon as reference SCS. Reference SCS is needed to determine the RB size. Similar to the case for SBFD subband time location, the reference SCS for the SBFD subband frequency resources is also suggested to be the same as the referenceSubcarrierSpacing in TDD-UL-DL-ConfigCommon.
[bookmark: _Hlk163223065]Proposal 5: For semi-static indication of SBFD subband frequency location, reference starting RB of UL/DL subband is Point A. 
Proposal 6: For semi-static indication of SBFD subband frequency location, reference SCS is the same as the referenceSubcarrierSpacing in TDD-UL-DL-ConfigCommon.

For determining UL/DL usable PRBs, explicit configuration of UL/DL usable PRBs within active UL/DL BWP in SBFD symbols is not align with the semi-static indication of frequency domain location of SBFD subbands to UEs described in [1]. 
Proposal 7: For determining UL/DL usable PRBs, support Option 1:
· [bookmark: _Hlk163205252]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.

For determination of link direction for SBFD-aware UE transmission and reception in the SBFD symbols, it is preferred that UE determines link direction based on configured/scheduled transmissions/receptions. This is a baseline method when there is no or missed explicit link direction indication in the SBFD symbol from gNB.
Proposal 8: For SBFD-aware UE transmission and reception in an SBFD symbol, support Option 1 to determine link direction, i.e., whether to transmit or to receive in the SBFD symbol. 
· [bookmark: _Hlk163205430]Option 1: UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).
Conclusions
In this contribution, we present our views on the SBFD TX/RX/measurement procedures. Based on the discussions in the previous section we propose the following: 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Confirm the working assumption about cell-specific configuration on frequency location of SBFD subbands within a TDD carrier for RRC connected mode UEs
	Agreement
For RRC connected mode UEs, at least cell-specific configuration on time and frequency location of SBFD subbands is supported within a TDD carrier.


Proposal 2: Do not support UE-specific configuration on time and/or frequency location of SBFD subband. 
Proposal 3: 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, support Option 1:
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
Proposal 4: For semi-static indication of SBFD subband frequency location, support Option 1:
· 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).
Proposal 5: For semi-static indication of SBFD subband frequency location, reference starting RB of UL/DL subband is Point A. 
Proposal 6: For semi-static indication of SBFD subband frequency location, reference SCS is the same as the referenceSubcarrierSpacing in TDD-UL-DL-ConfigCommon.
Proposal 7: For determining UL/DL usable PRBs, support Option 1:
· 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.
Proposal 8: For SBFD-aware UE transmission and reception in an SBFD symbol, support Option 1 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).
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