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1. Introduction

In the last RAN1 meeting #116[1], It was agreed regarding SBFD Tx/Rx procedure as follows.
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

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 discuss some considerations on Tx/RX and measurement procedure to support SBFD.
2. Discussion
2.1. Tx/Rx procedure on SBFD symbols
Active DL/UL BWP and usable PRBs for SBFD operation
From the SI phase for SBFD operation, SBFD scheme within a single configured DL and UL BWP pair with aligned centre frequencies was agreed as a baseline. Since DL/UL BWP pair is configured as a UE-specific manner and at least for time and frequency location for SBFD subbands cell-specific configuration was agreed as a baseline, it is necessary to define a specific DL/UL BWP associated with cell-specific SBFD subbands for SBFD operation. Since A UE can be configured with up to 4 DL and UL BWP pairs, a single DL/UL BWP pair for SBFD scheme application can be configured for each SBFD-aware UE. 

Proposal 1. A single DL-UL BWP pair associated with SBFD subband can be configured for each SBFD-aware UE.
If the SBFD associated DL/UL BWP pair is activated, the frequency resources in SBFD subbands can be used for UL transmission and DL receptions. That is, UL transmission can be indicated or configured within the UL subband on SBFD symbols and DL reception can be indicated or configured withing the DL subband(s) on SBFD symbols. Regarding the usable PRBs, if the active DL/UL BWP is associated for SBFD operation, option 1 is straightforward to determine the usable PRBs for UL transmission or DL reception. 

Observation 1: option 1 is straightforward to determine the usable PRBs for UL transmission or DL reception. 
Transmission direction indication on SBFD symbols

On SBFD symbols, a SBFD aware UE can expect both DL reception on DL subband and UL transmission on UL subband. Therefore, the transmission direction, i.e., DL reception or UL transmission, should be configured or indicated to SBFD aware UEs for their preparation of transmission or reception on SBFD symbols. The main motivation of SBFD is to support the UL coverage enhancement and latency reduction by configuration of more UL transmission opportunities under the semi-static TDD configuration for inter-operator/inter-cell interference management. We don’t see any motivations for dynamic link direction indication e.g. by DCI. Moreover, such dynamic link direction change can cause many collision handling cases listed from the last RAN1 meeting and introduce complication on specification for handling such collision cases. Considering this situation, we propose to support option 2, which is “link direction is indicated by gNB explicitly”.
Proposal 2. link direction is indicated by gNB explicitly.
UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots

One of the main motivations of SBFD is to extend UL transmission opportunities for UL coverage enhancement, i.e., to overcome the UL shortage of traditional TDD configuration, such as DL:UL=4:1 configuration, by enabling UL transmission on DL symbols through the configuration of UL subband. Considering this main motivation of SBFD, it is not reasonable to restrict the UL transmission and receptions across SBFD symbols and non-SBFD symbols in different slots.

Proposal 3. UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots should be supported.

A few options regarding frequency resource allocation across the SBFD symbols and non-SBFD symbols were listed from the last RAN1 meeting #112bis as follows.

Agreement

For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (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 with different available resources, study at least the following frequency resource allocation options for PDSCH, CSI-RS, PUSCH, PUCCH, SRS for SBFD-aware UE:

· Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 

· Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots

· Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 

· Option 1-3: single FDRA configuration/indication and RB offset(s)

· Option 2: Perform rate matching or puncturing on the RBs outside DL/UL subbands for DL/UL channels/signals. 

· Option 3: A DL/UL channel/signal overlapping with RBs outside DL/UL subbands in a SBFD slot is dropped or postponed.

Note: Different options can be studied for different signals/channels.
We think that option 1 based solutions should be invested with higher priority, because the other options are likely to have an impact on the UL performance on SBFD symbols depending on the misalignment between the bandwidth of UL subband and UL BWP of SBFD aware UE. 

Proposal 4. Separate FDRA determination for SBFD slots and non-SBFD slots should be specified. 
UL transmission in SSB symbols

From the gNB perspective, the antenna configuration on SBFD symbols can be different from the antenna configuration on non-SBFD symbols in terms of the number of available Tx antenna ports. From the UE perspective, additional interference, i.e., CLI, would be introduced on SBFD symbols compared with the non-SBFD symbols. These two factors are likely to induce the degradation of DL channel quality on SBFD symbols compared with non-SBFD symbols. For UE-specific signals and channels such as PDSCH, link adaptation technique can be exploited to overcome this channel quality degradation on SBFD symbols based on the CSI measurement separation between SBFD symbols and non-SBFD symbols. However, DL reception performance of the cell specific signals or channels will be affected by the channel quality degradation on the SBFD symbols. 

SSB is utilized for initial access to a cell and maintenance of the stable coverage performance of SSB is very important in terms of cell deployment and operation. Any unstable variation of the SSB performance according to the SBFD configuration can lead to a critical QoS issues and should be avoidable as network operation perspective. Therefore, UL transmission within the configured UL subband on SSB symbols, if any, should be carefully investigated considering the impact on SSB transmission and reception performance.
Proposal 5. UL transmission within the configured UL subband on SSB symbols, if any, should be carefully investigated considering the impact on SSB transmission and reception performance.
2.2. Channel measurement/reporting, beam management & power control
Channel measurement/reporting
Channel measurement and reporting is directly related to the link adaptation and scheduling performance from network perspective, and therefore it is important to acquire accurate channel state information for the network scheduler to utilize the radio resource efficiently. However, there may exist a difference on DL channel characteristics between non-SBFD symbols and SBFD symbols because of the difference antenna configurations at the gNB side, CLI, etc. Therefore, separate channel measurement and reporting between non-SBFD symbol and SBFD symbol may be beneficial for more efficient and accurate link adaptation. To support separate channel measurement and reporting on non-SBFD symbols and SBFD symbols, CSI reporting needs to be configured for a SBFD-aware UE to report both CSI for non-SBFD symbols and CSI for SBFD symbols. Therefore, among the CSI report configuration options listed up during the SI phase discussion, we think option 2-1, which is “One CSI-ReportConfig associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively”, could be the reasonable approach for CSI related procedure. 
Proposal 6. Separate CSI measurements and reporting, based on CSI-RS restricted to non-SBFD symbols and CSI-RS restricted to SBFD symbols respectively, needs to be supported.
Beam management

We also have a similar view on beam management procedure for SBFD operation, i.e., separate beam management procedure for Tx/Rx on non-SBFD symbols and Tx/Rx on SBFD symbols respectively. To support separate beam management, beam failure detection and recovery procedure should be separately configured and applied independently for non-SBFD symbols and SBFD symbols. In addition, separate TCI stated configuration/activation/indication for PDSCH/PDCCH and PUSCH/PUCCH/SRS between non-SBFD symbols and SBFD symbols can be considered.

Proposal 7. Separate beam management procedure can be considered for non-SBFD symbols and SBFD symbols.

Power control
UL transmission on SBFD symbols using UL subband introduce CLI to the DL reception using DL subband on the same SBFD symbols. On the other hand, from the gNB perspective, self-interference by its DL transmission using DL subband affects the UL reception performance on UL subband in the same SBFD symbol. Considering these additional interferences introduced on SBFD symbols, it may be beneficial to have separate power control procedure and relevant parameters between non-SBFD and SBFD symbols. 
Proposal 8. Separate power control procedure and relevant parameters between non-SBFD and SBFD symbols need to be considered.
3. Conclusion 

Proposals in this contribution are summarized as follows.
Proposal 1. A single DL-UL BWP pair associated with SBFD subband can be configured for each SBFD-aware UE.
Observation 1: option 1 is straightforward to determine the usable PRBs for UL transmission or DL reception.
Proposal 2. link direction is indicated by gNB explicitly. 

Proposal 3. UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots should be supported.

Proposal 4. Separate FDRA determination for SBFD slots and non-SBFD slots should be specified.

Proposal 5. UL transmission within the configured UL subband on SSB symbols, if any, should be carefully investigated considering the impact on SSB transmission and reception performance.
Proposal 6. Separate CSI measurements and reporting, based on CSI-RS restricted to non-SBFD symbols and CSI-RS restricted to SBFD symbols respectively, needs to be supported.

Proposal 7. Separate beam management procedure can be considered for non-SBFD symbols and SBFD symbols.
Proposal 8. Separate power control procedure and relevant parameters between non-SBFD and SBFD symbols need to be considered.
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