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Introduction
In RAN1#116bis meeting, SBFD TX/RX/measurement procedure was heatedly discussed. Very good progress on time domain configuration for SBFD subband and frequency domain resource allocation for PUSCH/PDSCH were achieved. The following agreements were drawn:[1]
	Agreement
A symbol configured as SBFD symbol via cell-specific configuration cannot be reverted to a non-SBFD symbol via any UE-specific configuration or group-common signaling.
A symbol not configured as SBFD symbol via cell-specific configuration cannot be reverted to an SBFD symbol via any UE-specific configuration or group-common signaling.

Agreement
For frequency resource allocation Type 0 for PDSCH or PUSCH in a single slot by DCI based scheduling (without repetition or TBoMS), when an assigned RBG overlaps with the subband boundary, only the PRBs within DL usable PRBs are considered to be valid for PDSCH reception and only the PRBs within UL usable PRBs are considered to be valid for PUSCH transmission.
· SBFD aware UE does not expect to be assigned with a RBG for PDSCH which is fully outside DL usable PRBs or a RBG for PUSCH which is fully outside UL usable PRBs.

Agreement
Study the feasibility and enhancements to support separate power control and/or spatial relation for SRS, PUCCH and PUSCH in SBFD and non-SBFD symbols in different slots, including repetition and non-repetition, by considering existing schemes, e.g. multi-TRP PUCCH/PUSCH repetition schemes.

Agreement
For frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, discuss and decide whether/which of the following options is supported.
· Option 1-1: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only
· FFS: DMRS sequence mapping 
· Option 1-2: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs as legacy
· FFS: DMRS sequence mapping 
· Option 2: Introduce new RB indexing/PRB bundle indexing to ensure VRBs are mapped to DL usable PRBs only.
· Existing VRB-to-PRB mapping is reused
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 
· Option 3: Modify VRB-to-PRB mapping interleaver to ensure VRBs are mapped to DL usable PRBs only.
· Existing RB indexing/PRB bundle indexing is reused
· If the interleaver is not enabled, Option 1-1 or Option 1-2 is used
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 

Agreement
For cell-specific configuration of frequency locations of SBFD subbands,
· Option 1: Cell-specific frequency locations of SBFD subbands are separately configured for each SCS configuration in SCS-SpecificCarrierList.
· For each SCS configuration, the reference starting PRB is the PRB determined by the SCS configuration and offsetToCarrier corresponding to this subcarrier spacing.

Agreement
For an SPS PDSCH configuration without repetitions, if the reception occasions are across SBFD symbols and non-SBFD symbols where each reception occasion has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate resource allocations for SBFD symbols and non-SBFD symbols
· FFS other separate configurations for SBFD symbols and non-SBFD symbols
· Option 2: Single resource configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type
· Option 3: An SPS PDSCH reception occasion overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid 
· Option 4: Only SPS PDSCH reception occasion in one symbol type is valid and SPS PDSCH reception occasion in the other symbol type is invalid 
· Option 5: Only the assigned PRBs within DL usable PRBs in SBFD symbols are considered to be valid for SPS PDSCH
· Other options are not precluded
For a CG PUSCH configuration without repetitions, if the transmission occasions are across SBFD symbols and non-SBFD symbols where each transmission occasion has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate resource configurations for SBFD symbols and non-SBFD symbols
· FFS type 2 CG PUSCH
· FFS other separate configurations for SBFD symbols and non-SBFD symbols
· Option 2: Single resource configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type
· Option 3: A CG PUSCH transmission occasion overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid
· Option 4: Only CG PUSCH transmission occasion in one symbol type is valid and CG PUSCH transmission occasion in the other symbol type is invalid 
· Option 5: Only the assigned PRBs within UL usable PRBs in SBFD symbols are considered to be valid for CG PUSCH 
· Other options are not precluded

Agreement
If link direction indication is not supported nor provided for a SBFD symbol, for collision Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission) in the SBFD symbol for SBFD-aware UEs, reuse the existing collision handling principles in NR for operation on flexible symbols on a single carrier in unpaired spectrum, i.e. UE does not receive DL channel/signal.
· The above does not imply link direction indication is supported
· FFS on dynamically scheduled UL transmission with repetition

Agreement
If link direction indication is not supported nor provided for a SBFD symbol, for collision Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission) in the SBFD symbol for SBFD-aware UEs, reuse the existing collision handling principles and timeline in NR for operation on flexible symbols on a single carrier in unpaired spectrum, i.e. UL transmission is cancelled if cancellation timeline is met.
· The above does not imply link direction indication is supported
· FFS on dynamically scheduled DL reception with repetition

Agreement
For PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PDSCH within a slot has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate FDRA configuration/indications/interpretations for SBFD symbols and non-SBFD symbols
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type 
· Option 3: A PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid, e.g. the PDSCH in the slot is dropped
· Option 4: Only PDSCH in one symbol type is valid and PDSCH in the other symbol type is invalid
· Option 5: For a PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols, only the assigned PRBs within DL usable PRBs are considered to be valid 
· Option 6: gNB does not schedule any PDSCH in SBFD symbols in a slot to be overlapping with PRBs outside DL usable PRBs
· Other options are not precluded
· FFS: Applicable conditions

Agreement
For PUSCH repetition type-A across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PUSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PUSCH within a slot has either all SBFD or all non-SBFD symbols, and for TBoMS across SBFD symbols and non-SBFD symbols in different slots, where each transmission within a slot has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate FDRA configuration/indications/interpretations for SBFD symbols and non-SBFD symbols
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type 
· Option 3: A PUSCH in a slot overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid, e.g. the PUSCH in the slot is dropped/postponed
· Option 4: Only PUSCH in one symbol type is valid and PUSCH in the other symbol type is invalid
· Option 5: For a PUSCH in a slot overlapping with RBs outside UL usable PRBs in SBFD symbols, only the assigned PRBs within UL usable PRBs are considered to be valid 
· Option 6: gNB does not schedule any PUSCH in SBFD symbols in a slot to be overlapping with PRBs outside UL usable PRBs
· Other options are not precluded
· FFS: Applicable conditions


In this contribution, we first provide our views on the remaining issues on subband configuration. In the follow-up section, we discuss the detail SBFD TX/RX/measurement procedure.
Discussion
Time domain resource allocation for UL subband
In RAN1#116 meeting, RAN1 heatedly discussed the mechanism of configuring SBFD subband time locations.[1] The following principles were agreed:
· SBFD subband(s) is/are configured within a TDD UL-DL configuration period.
· The SBFD subband can only be configured on DL symbol and flexible symbol configured by TDD-UL-DL-ConfigCommon
· SBFD symbols are configured in consecutive manner.
· The SBFD subband can start from any OFDM symbol and end at any OFDM symbol.
The relevant agreement is excerpted as below:
	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


Straightforwardly, SLIV-based indication can be used to indicate time domain location of SBFD subband. However, the signalling overhead may be huge especially when the reference SCS for SBFD subband is large. For example, assuming TDD period equals 10ms and reference SCS equals 15 kHz, 14 bits are required if SLIV-based indication is adopted with a granularity of 1 OFDM symbol. On the other hand, if reference SCS equals 60 kHz, 18 bits is needed. Actually, as large as 960 kHz SCS can be supported for FR2-2, in this case the number of indication bits is non-negligible, i.e., 26 bits are needed.
On the other hand, the configuration of time domain location for SBFD subband has lots of similarity with UL-DL-TDD configuration. To be specific, TDD-UL-DL-ConfigCommon provides the number of DL slots and follow-up DL symbols from the starting of TDD period, and the number of UL slots and preceding UL symbols from the end of TDD period. Consequently, the left symbols within the TDD period are considered as semi-static flexible symbols. 
Beside SLIV-based indication, subband-specific TDD UL-DL configuration can also be considered to indicate the time location of SBFD subband. Current TDD UL-DL configuration can be fully reused for subband TDD structure configuration, i.e., common TDD configuration. Assuming TDD UL-DL configuration of the carrier is DDDDDDFFUU, gNB configures a subband-specific TDD UL-DL configuration for SBFD subband as DFUUUUUU on the consecutive DL symbols and flexible symbols. Accordingly, the SBFD subband time domain allocation is shown in Figure 1. In this example, TDD periodicity is equal to the one provided by tdd-UL-DL-ConfigurationCommon for a carrier. Exactly same signalling structure as tdd-UL-DL-ConfigurationCommon is reused to indicate the time location of SBFD subband. As gNB has full power to determine the TDD structure, the guard period between DL symbol and first OFDM symbol occupied by SBFD subband can be easily configured. 


[bookmark: _Ref126917957]Figure 1 Example of SBFD subband time location based on SBFD-specific TDD UL-DL configuration

Proposal 1: The following mechanism can be considered to indicate the time domain location of SBFD subband.
· Option 1: SLIV-based indication, FFS how to reduce the signalling overhead.
· Option 2: Common TDD UL-DL configuration like mechanism, i.e., time location of SBFD subband is implicitly derived via precluding non-SBFD symbols within a TDD period.

There are different cases of TDD frame structure determination, which are summarized as below:
· Case#1: TDD frame structure with single periodicity is configured by tdd-UL-DL-ConfigurationCommon only
· Case#2: TDD frame structure with two periodicities is configured by tdd-UL-DL-ConfigurationCommon only
· [bookmark: OLE_LINK2]Case#3: TDD frame structure is configured by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated additionally
· Case#3-1: single periodicity
· Case#3-2: dual periodicity
· Case#4: Network doesn’t provide any TDD UL-DL configuration, i.e., all the symbols are regarded as semi-static flexible symbol

For case#1 to case#3, the principles agreed in RAN1#116 meeting is applicable as each of them provides TDD period. One example is shown in Figure 2. However, case#4 is a special case wherein all the slots are semi-static flexible. There is no reference TDD periodicity. Therefore, the aforementioned mechanisms cannot be directly applied here if gNB doesn’t additionally provide a period within which SBFD subband is configured. On the other hand, it is up to gNB implementation that it has to configure at least one TDD period once it intends to configure UL subband, in which case case#4 is automatically converted to the other cases. 


[bookmark: _Ref126917682]Figure 2 Example of SBFD subband time location based on single TDD periodicity

Proposal 2: gNB can provide a TDD UL-DL configuration via tdd-UL-DL-ConfigurationCommon once it intends to configure SBFD subband.

No matter what mechanism is adopted to indicate the time domain location of SBFD subband, it can only locate on semi-static flexible symbol and downlink symbol in consecutive manner. One example is shown in Figure 3 as below. In theory, guard period is needed between DL transmission and UL transmission in order to avoid inter-slot interference. Otherwise, UE-to-UE CLI will jeopardize the DL transmission for both SBFD aware UE and non-SBFD aware UE which receives DL transmission on the previous DL slot. The Rx-to-Tx switching at UE side and Rx-to-Tx switching at gNB side also need guard period. Therefore, it needs attention on how to define or indicate guard period between DL symbol and the first OFDM symbol occupied by UL subband. 


[bookmark: _Ref126917834]Figure 3 Example of SBFD subband time location based on SLIV indication

Proposal 3: How to define guard period between DL symbol and first symbol occupied by UL subband needs further study.

SBFD subband can be configured on semi-static flexible symbol configured by tdd-UL-DL-ConfigurationCommon. It is well known that gNB can adjust the transmission direction of semi-static flexible symbol according to traffic load at least. Assuming the TDD UL-DL configuration for carrier is DFFFU configured via tdd-UL-DL-ConfigurationCommon, gNB configures SBFD subband time location via a cell-specific signalling. Here we assume the UL subband occupies slot#1, slot#2 and slot#3 in time domain, which is shown in Figure 4. As slot#1, slot#2 and slot#3 are semi-static flexible slots configured via cell-specific signalling, gNB can further indicate the slot direction via UE-dedicated signalling or SFI. To be specific, the flexible symbols can be either indicated as DL symbol or UL symbol. It can be summarized as below:
· If semi-flexible symbol is indicated as DL symbol on which UL subband is configured, what is the expected behaviour for SBFD aware UE?
· If semi-flexible symbol is indicated as UL symbol on which UL subband is configured, what is the expected behaviour for SBFD aware UE?
· If semi-flexible symbol is indicated as SFI flexible symbol on which UL subband is configured, what is the expected behaviour for SBFD aware UE?


[bookmark: _Ref126918064]Figure 4 Example of SBFD subband locates on semi-static flexible slots
In RAN1#116 meeting, it was agreed that RAN1 would 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. It was mentioned that DCI format 2_0 cannot be used to revert SBFD symbol to non-SBFD symbol. From our understanding, non-SBFD symbol means a OFDM symbol without SBFD subband on it. In RAN1#116bis meeting, it was agreed that SBFD/non-SBFD symbol configured by cell-specific signalling cannot be reverted to non-SBFD/SBFD symbol. The intention is actually to preclude UE-dedicated configuration for SBFD time location. As clarified in online session, the definition of SBFD symbol and non-SBFD symbol only relates to whether there is SBFD subband on the dedicated symbol respectively. There is nothing about UE behaviour on transmission/reception in such symbols. It should be a separate discussion on the interaction between legacy direction indication, i.e., SFI and UE-dedicated TDD-UL-DL configuration, and semi-static flexible symbol with SBFD subband configuration. Hence, we have the following proposal to further clarify UE behaviour once semi-static symbol with SBFD subband is further indicated with certain direction via legacy signalling.

Proposal 4: If UL subband is configured on semi-static flexible symbol and gNB further adjusts direction for the symbols, clarify behaviour of SBFD aware UE at least for the following cases:
· Semi-flexible symbol is indicated as DL symbol on which UL subband is configured
· Semi-flexible symbol is indicated as UL symbol on which UL subband is configured
· Semi-flexible symbol is indicated as SFI flexible symbol on which UL subband is configured

One concern is that frequent switching between SBFD and non-SBFD symbols may increase the implementation complexity and interruptions of transmissions/receptions during transition. It is true that UE may need to adjust its RF parameters, power parameters and spatial parameters for the transmission on SBFD symbol and non-SBFD symbols. In order to provide sufficient period for accommodating operation on different symbol type, one or several symbols in-between may be needed. However, switching between SBFD symbols and non-SBFD symbols is a generic issue which needs to be studied for SBFD operation. In the other words, it is not specific for a slot consisting of both SBFD symbols and non-SBFD symbols. Therefore, we should consider the switching point not only for SBFD symbol and non-SBFD symbol, but also for SBFD symbol and SBFD symbol with different transmission direction.

Observation 1: The maximum number of transition point between DL/UL to UL/DL is a generic issue for SBFD operation.

It would be quite helpful if the maximum number of transition point can be limited within a window for both gNB and UE. Directly, the maximum number can be applicable to the configuration period of UL subband. 

Proposal 5: Study the maximum number of transition point between DL/UL and UL/DL within consecutive SBFD slots.

For a slot consisting of both SBFD symbols and non-SBFD symbols, it can directly reuse the mechanisms as self-contained slot structure, i.e., only one switching point is allowed within the slot. The flexible symbols between DL symbols and UL symbols can be used as switching period for UE transition operation between SBFD symbols and non-SBFD symbols. Regarding which scenarios a guard period between SBFD and non-SBFD symbols is required/not required and how to determine the length of guard period, we think it is irrelevant to SBFD subband time domain configuration. 

Proposal 6: Only one transition point is allowed within a slot consisting of both SBFD symbols and non-SBFD symbols.
· Flexible symbols between DL symbol and UL symbol can be used as guard period for switching between SBFD symbol and non-SBFD symbol.

Frequency domain resource allocation for UL subband
There are three types of frequency resource in SBFD symbol, i.e., UL subband, DL subband and guard band. gNB at most needs to indicate or determine two out of three subbands. The frequency location of the third subband can be automatically determined. For example, DL subbands within an active DL BWP can be derived from the information of UL subband and guard band. Hence, we can focus on one issue: whether explicit configuration/indication is needed for determining guard band. If the answer is yes, gNB needs to explicitly indicate either DL subband(s) or guard band.  The following two options were regarded as viable solutions for frequency location configuration of DL subband(s) and guardband(s) if any:
· 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).
Either option 1 or option 2 is workable. Considering DL subband typically contains much more RBs than that of guard band, more indication bits are needed for DL subband configuration. Hence, we slightly prefer option 2.

Proposal 7: Frequency location of guard subband(s) are explicitly configured if any. DL subband(s) are implicitly derived as the RBs which are not within UL subband or guard subband(s).

In RAN1#116 meeting, the following agreement was achieved.
	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.



Basically, option 1 is an implicit mechanism to determine usable PRB while option 2 is an explicit mechanism to determine usable PRB. First of all, we think option 1 quite aligns with the following agreement achieved in RAN1#111 meeting.
	Agreement
For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol



Regarding to option 2, we do not see the necessity. Even if UE-dedicated signalling is adopted to configure frequency location of SBFD subband, option 1 is still workable. Furthermore, if per-BWP configuration is employed, it makes option 2 even more meaningless as it can avoid the case wherein SBFD subband occupies RBs outside active BWP.

Proposal 8: 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.

Currently, the frequency resources of UL BWP and DL BWP is indicated via SLIV, i.e., the starting RB index and BWP size provided by locationAndBandwidth. In the other words, gNB indicates the starting RB index and the number of RBs of a BWP within a carrier. The reference point is CRB#0 wherein the offset between the reference point and starting RB of BWP is indicated via offsetToCarrier. Considering the frequency location of SBFD subband is contained within a carrier, it is straightforward to reuse the same mechanism indicating frequency resource of a BWP. 

On the other hand, it may be unnecessary to configure a UL subband with different sizes from that of active UL BWP. For example, the frequency location of UL subband can be exactly same as one of UL BWP. It can significantly reduce complexity of RRC signalling on frequency location configuration, i.e., gNB doesn’t need to additionally indicate the frequency location of a UL subband. However, gNB has to guarantee all of SBFD aware UE has same UL BWP in order to achieve a common UL subband configuration with same frequency location. Considering UE supports up to 4 UL BWPs within a carrier, the UL BWP with the smallest index can be used to determine the frequency location of UL subband if gNB doesn’t provide frequency location configuration for UL subband. Furthermore, if a cell-specific UL subband configuration carried by SIB1 is adopted, the frequency location of initial UL BWP can be used for UL subband determination in frequency domain by default.

Proposal 9: For configuring frequency location of UL subband, the following mechanism can be considered:
· Reuse the same mechanism of configuring BWP to configure the frequency locations of subband for SBFD operation, i.e., the starting position and length are indicated.
· If gNB doesn’t provide any configuration for UL subband frequency location, a default BWP is used to determine the frequency location of the UL subband.  

There are two directions for semi-static configuration of subband frequency locations for SBFD operation, i.e., via cell-specific signalling or via UE-dedicated signalling. If UL subband is configured via UE-dedicated RRC signalling, unaligned UL subband is inevitable across different gNB and across different UE. It is against the agreement that we should consider same subband frequency resources across different SBFD symbols as baseline. [2] On the other hand, unaligned UL subband brings intra-subband UE-to-UE CLI and gNB-to-gNB CLI, which bring additional difficulties for gNB coordination and certainly degrades system performance. One argument was that UE-dedicated signalling should be supported for RRC_CONNECTED UE as typically gNB can configure multiple UE-dedicated BWPs on a carrier. If cell-specific signalling is adopted, it is very difficult to guarantee DL subband/UL subband has aligned boundary with active DL/UL BWP. However, it was agreed that DL reception can only happen in DL subband and UL transmission can only happen in UL subband, it is unnecessary to put such kind of restriction that BWP and SBFD subband must have aligned boundary.

Proposal 10: Cell-specific RRC signalling is used to configure SBFD subband frequency location as baseline.

DL resource allocation in frequency domain on SBFD symbols
From our understanding, there is no restriction on frequency location of UL subband. Therefore, either DUD or DU are possible UL subband configuration. In Figure 5, we provide four cases considering the location of UL subband and whether there is guard band. No matter which case is configured by gNB, the available DL RB for DL transmission on SBFD slot is different from that on non-SBFD slot. 


[bookmark: _Ref159098186]Figure 5 Example of frequency resources allocated to subband in SBFD slot
However, FDRA indication and frequency granularity are determined according to active DL BWP. Therefore, there are two issues needs to be studied:
· Issue#1: Following current specification, resource allocation for downlink channel and signal may be across DL subband and other unavailable subband. For example, the current DL resource allocation mechanism may lead to the DL channel or DL signal across two DL subbands.
· Issue#2: For the frequency unit at the boundary of DL subband, it may not be aligned with DL subband boundary so that partial RB within the frequency unit overlaps with guard band and/or UL subband.

Resource allocation in frequency domain for PDSCH/PUSCH

[bookmark: OLE_LINK3]In the existing specification, the frequency allocation for PDSCH and PUSCH is pretty flexible. Taking PDSCH as example,  
· There are two RA types, i.e., RA type 0 and RA type 1. RA type 0 indicates RBG used for PDSCH transmission with a bitmap indication. Hence, indicated RBG can be contiguous or discrete.  It should be noted that the RBG is determined according to active DL BWP. RA type 1 indicates contiguous VRB or VRB group for PDSCH with a SLIV indication. The mapping between VRB to PRB can be either non-interleaved mapping or interleaved mapping. Despite of RA type 0 and RA type 1, it is sufficient to indicate frequency resources for PDSCH transmission on SBFD symbols.

As analysed above, existing mechanisms of allocating frequency resources for PDSCH and PUSCH can be used to indicate target resources in SBFD symbols. On the other hand, the indicated frequency resources may overlap with unavailable RBs. 

For RA type 0, it was agreed that only the PRBs within DL usable PRBs are considered to be valid for PDSCH reception and only the PRBs within UL usable PRBs are considered to be valid for PUSCH transmission. 
For PDSCH RA type 1, three options were raised during RAN1#116bis meeting. Basically, the intention or essence of each option can be summarized as below:
· Option 1 aligns with the principle for RA type 0, i.e., only the allocated PRBs within usable RBs are considered to be valid for PDSCH reception. 
· Option 2 defines new RB indexing/PRB bundle indexing so as to lead to a nominal BWP on which the usable PRBs are located with a contiguous manner. In the end, existing mechanism for RA type 1, i.e., no matter with interleaving or without interleaving, can be directly applied to the nominal DL BWP.
· Option 3 tries to modify VRB-to-PRB mapping interleaver to ensure VRBs are mapped to DL usable PRBs only.

For PDSCH RA type 1, if non-interleaved VRB-to-PRB mapping is indicated, gNB can guarantee that the PDSCH is only allocated within one out of two DL subbands. If interleaved VRB-to-PRB mapping is indicated, the relevant PRB is distributed across entire active DL BWP. It is very hard to guarantee each PRB is contained by DL subband. On the other hand, it may be easily addressed following existing mapping rules. As the description excerpted below, the block of complex-valued symbols is only mapped to the VRBs which the corresponding physical resource blocks are declared as available for PDSCH. In SBFD symbols, only the RBs contained by DL subband(s) are available for PDSCH transmission. Hence, we only need to capture the definition of DL subband in SBFD symbols are available resources for DL transmission in TS 38.214. With this update, everything works well according to existing specification.
	TS38.211, v18.1.0
[bookmark: _Toc19796487][bookmark: _Toc26459713][bookmark: _Toc29230363][bookmark: _Toc36026622][bookmark: _Toc45107461][bookmark: _Toc51774130][bookmark: _Toc153697436]7.3.1.5	Mapping to virtual resource blocks
[bookmark: _Hlk494185391]The UE shall, for each of the antenna ports used for transmission of the physical channel, assume the block of complex-valued symbols  conform to the downlink power allocation specified in [6, TS 38.214] and are mapped in sequence starting with  to resource elements  in the virtual resource blocks assigned for transmission which meet all of the following criteria: 
-	they are in the virtual resource blocks assigned for transmission; 
[bookmark: _Hlk494798725]-	the corresponding physical resource blocks are declared as available for PDSCH according to clause 5.1.4 of [6, TS 38.214];
-	the corresponding resource elements in the corresponding physical resource blocks are
-	not used for transmission of the associated DM-RS or DM-RS intended for other co-scheduled UEs as described in clause 7.4.1.1.2;
-	not used for non-zero-power CSI-RS, which is according to clause 7.4.1.5 and not configured by TRS-ResourceSet IE, if the corresponding physical resource blocks are for a PDSCH scheduled by a PDCCH with the CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, G-RNTI for multicast, G-CS-RNTI, or a PDSCH with SPS, except if the non-zero-power CSI-RS is a CSI-RS configured by the higher-layer parameter CSI-RS-Resource-Mobility in the MeasObjectNR IE or except if the non-zero-power CSI-RS is an aperiodic non-zero-power CSI-RS resource;
-	not used for PT-RS according to clause 7.4.1.2;
[bookmark: _Hlk494797914]-	not declared as 'not available for PDSCH according to clause 5.1.4 of [6, TS 38.214].
The mapping to resource elements  allocated for PDSCH according to [6, TS 38.214] and not reserved for other purposes shall be in increasing order of first the index  over the assigned virtual resource blocks, where  is the first subcarrier in the lowest-numbered virtual resource block assigned for transmission, and then the index . 



Actually, if capturing only RBs contained by DL subbands are available for PDSCH transmission, it is also helpful for PDSCH RA type 1 with non-interleaving VRB-to-PRB mapping. There will be no issue even if gNB indicate contiguous RBs across two DL subbands. 

For option 2, basic idea is to concatenate two DL subbands so as to result a nominal DL BWP which has contiguous usable PRBs. It is a new mechanism to define BWP and revert the existing logic on resource allocation in frequency domain. Another issue is that it will complicate multiplexing between SBFD aware UE and non-SBFD aware UE on the same active DL BWP. The complexity comes from legacy UE determines VRB bundling group and PRG based on active BWP while SBFD aware UE determine those unit according to nominal BWP. 

For option 3, it requires a brand new interleaver for SBFD aware UE. Considering SBFD subband configuration is pretty flexible, it seems very difficult to have a unified interleaver accommodating every SBFD subband configuration. Furthermore, SBFD aware UE has to support two different interleavers as it needs to receive PDSCH on non-SBFD symbols and SBFD symbol. All in all, option 3 not only complicate UE implementation but also bring significant specification impacts. 

Although option 1 may leads to high coding rate which may degrade PDSCH performance, it can be up to gNB implementation whether interleaving is enabled or not in this case. Considering the standardization effort and flexibility behind the listed options, we slightly prefer option 1.

Regarding to TBS determination, there are two different directions, i.e., fully reusing current mechanism or update TBS determination procedure with depending on usable PRB instead of allocated PRB.  Considering a SBFD aware UE can be scheduled on SBFD symbols non-SBFD symbols, in order to avoid any NBC issues on non-SBFD symbols, it is mandatory that SBFD aware UE supports two different rules for TBS determination. It will inevitably increase UE complexity. Major concern on reusing existing TBS determination rule is it may lead to very high effective coding rate once a large proportion of allocated RBs are invalid. However, it can be handled by proper gNB scheduling, i.e., it should be regarded as unreasonable scheduling if the proportion of invalid PRBs is improper. 

Proposal 11: For frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, option 1-2 is adopted.

In order to accommodate option 1-2, specification needs trivial modification that only RBs contained in DL subband are available for PDSCH mapping.

[bookmark: OLE_LINK1]Proposal 12: Capture it in TS38.214 that only RBs contained in DL subband are available for PDSCH.

Resource allocation in frequency domain for CSI-RS across two DL subbands

In the existing specification, the frequency allocation for CSI-RS is pretty flexible. 
· For CSI-RS resource configuration, it has three restrictions for a CSI-RS resource, i.e., 1) the number of RBs constituting a CSI-RS resource has to be multiple of 4 RBs, 2) the total number of RBs constituting a CSI-RS resource has to be equal to or larger than min(24 RBs, BWP bandwidth), 3) only contiguous RBs can be allocated to a CSI-RS resource. Taking those restrictions into account, existing mechanism of configurating CSI-RS resource is sufficient to indicate frequency resources for PDSCH transmission on SBFD symbols. 

A CSI-RS resource has to contain multiple of 4 RBs. The smallest configurable number is the minimum of 24 RB and the width of the associated BWP. Hence, we need to consider the impacts on CSI-RS resource configuration if it is associated with a SBFD symbol. For UL subband with {DU} or {UD} pattern, we believe there is no issue as the frequency resources of DL subband is consecutive and the boundaries of DL subband and CSI-RS subband can be aligned with each other. For {DUD} SBFD subband pattern, following options have been raised so far:
· Option 1: Two CSI-RS resources are configured for each DL subband respectively
· Option 2: Non-contiguous CSI-RS resource across two DL subbands via explicit or implicit mechanism is allowed
· Option 3: CSI-RS resource is allowed to overlap with UL subband and guardband(s), the corresponding CSI reporting is not required

In RAN1#112 meeting, RAN1 further discussed the mechanisms on CSI-RS resource determination across different DL subbands. 
	Agreement:
Study the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs 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)



In RAN1#112bis e-meeting, the following conclusion was agreed:
	Conclusion
For the options agreed to study in RAN1#112 for frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, the following observations are agreed.
· 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
· Processing non-contiguous CSI-RS



Based on the above information, both option 1 and option 2-2 are potential mechanisms for configuring CSI-RS resource, which are existing mechanism. From this point of view, it is obvious that existing configuration for CSI-RS resource on SBFD symbols is workable.

Proposal 13: The existing mechanisms to indicate frequency resources for DL transmission is sufficient for SBFD symbols.

Considering multiple CSI-RS resource can be connected to the same CSI reporting, option 1 is actually already supported by the current specification. Subband or wideband CSI reporting can be used depending on the report quantity and indicated granularity if applicable. However, Option 1 consumes the limited number of CSI-RS resources, which may have negative impacts on the CSI-RS measurement and reporting on legacy slot. Furthermore, we need to further study how to address the issue that CSI-RS resource may partially overlap with UL subband. Option 2 makes it possible for CSI measurement on SBFD slot. It can also resolve the problem that partial RBs cannot be used at DL subband boundary. Hence, we slightly prefer option 2.

Furthermore, we achieve the following agreements in RAN1#112bis e-meeting:
	Agreement
· For semi-static SBFD, for a CSI-RS resource which overlaps with SBFD subband boundaries, only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE.
· For semi-static SBFD, for a CSI reporting subband which overlaps with SBFD subband boundaries, CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s).



The first bullet implies that a CSI-RS resource can be across DL subband boundary. If happens, only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE. From this perspective, option 2-2 is already supported from the above agreement.

Proposal 14: For CSI-RS resource configuration on SBFD slot, non-contiguous CSI-RS resource configuration via implicit mechanism is supported on SBFD slot, i.e., option 2-2.

On the other hand, lots of report quantity require wideband CSI reporting, for example, reportQuantity is set to 'cri-RI-i1', or 'cri-RSRP' or 'ssb-Index-RSRP' or 'cri-SINR', or 'ssb-Index-SINR'. The impacts on CSI reporting accuracy because of discrete CSI-RS resources across two DL subbands should also be studied.

Handling of unaligned boundaries between SBFD subband(s) and frequency unit

As aforementioned, the frequency granularity of DL PDSCH is determined according to active DL BWP and the frequency granularity of CSI-RS resource is predefined according to specification. On the hand, the configuration of subband is pretty flexible and it is very difficult to guarantee boundaries between DL subband and any DL frequency unit are aligned. One example is shown in Figure 6. It can be left to gNB implementation to avoid any frequency resource allocation resulting in an edge RBG across DL subband boundary. However, it would restrict scheduling flexibility and degrade resource utilization. For example, assuming a RBG contains 32 RBs while the subband-edge RBG has one RB which is outside DL subband. In this example, 31 RB is not available for scheduling, which bring significantly negative impacts on scheduling and system performance.


[bookmark: _Ref159143670]Figure 6 Example of unaligned boudaries between RBG and DL subband

The unaligned boundaries issue is generic for all DL resource unit, including CSI reporting subband, CSI-RS resource and PRG. Hence, a unified solution should be pursued for all the aforementioned channel and signal. One straightforward and universal mechanism is that the available resources for DL are determined implicitly via excluding unavailable RBs outside DL sub-band(s). Accordingly, gNB can allocate DL resources for PDSCH and CSI-RS in SBFD symbols as usual. Once the subband-edge frequency unit, e.g., RBG, PRG, CSI-RS resource, partially overlaps with unavailable resources, UE only takes available RBs into consideration.

Proposal 15: For a subband-edge frequency unit, i.e., RBG, PRG and CSI-RS resource, only the RBs contained by DL subband are used for DL transmission.

Physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots

In RAN1#111 meeting, we discussed the potential issues on transmission/reception across non-SBFD symbol and SBFD symbol. The key point is that the available frequency resources in different slot type, i.e., non-SBFD symbol and SBFD symbol, are different. As a starting point, the following agreement was achieved:
	Agreement
[bookmark: OLE_LINK13]Study impact and potential enhancements for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, including at least the following:
· PDCCH, scheduled/configured PUCCH/PUSCH/PDSCH, without repetition in SBFD symbols and non-SBFD symbols
· Scheduled/configured SRS/CSI-RS in SBFD symbols and non-SBFD symbols
· Scheduled/configured TBoMS across SBFD symbols and non-SBFD symbols with or without repetition
· Multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols
· Scheduled/configured PDSCH/PUSCH/PUCCH with repetitions across SBFD symbols and non-SBFD symbols
Note: Inter-slot/intra-slot/inter-repetition/inter-group frequency hopping with DMRS bundling of PUSCH/PUCCH, if applicable, is considered.
Examples of potential enhancements include:
· Resource allocation in frequency domain including frequency hopping
· Resource allocation in time domain
· Power domain
· Spatial domain
FFS: If the PUCCH/PUSCH/PDSCH/PDCCH can be mapped to SBFD and non-SBFD in the same slot if configured.



In RAN1#112 meeting, we clarified that each transmission/reception within a slot has either all SBFD or all non-SBFD symbols.  Basically, two directions were identified, i.e., whether transmissions/receptions are allowed to be across different types of symbols, which are addressed by the following proposal.
	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)
· Study the following options for SBFD-aware UEs:
· [bookmark: OLE_LINK16]Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
· PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH



Regarding the option 1 and option 2, they are high-level guidance which we need to achieve a common understanding. For example, option 1 may be unnecessary if resource allocation doesn’t exceed UL/DL subband in SBFD slot. On the other hand, always assuming the transmissions/receptions are in SBFD symbols and non-SBFD symbols may be too aggressive if there is no restriction on the frequency resource allocation. Besides, the issues caused by UL subband is quite different for different channels or signals. For example, discontinuous frequency resource is the major challenge for DL transmission while different available frequency range is the essential issue for uplink.  To be specific, the key issue for uplink transmission is the different number of available resources across SBFD slot and non-SBFD slot. Furthermore, option 1 is a sub-case of option 2 from our understanding. Hence, option 2 provides more flexibility and possibility to better handle SBFD operation across SBFD symbols and non-SBFD symbols.

Proposal 16: For UL transmission and DL reception, it can be across SBFD symbols and non-SBFD symbols in different slots.
· It is possible that the transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only.

The frequency allocation mechanism highly depends on the physical structure of channel/signal, configuration, etc. In the following section, we provide our analyses for different channel/signal one by one.

PUSCH transmission on multiple slots

For PUSCH, RBs belonging to active UL BWP are available in UL symbol while only RBs belonging to UL subband are available in SBFD symbol. Different from DL resources, UL resources either on UL symbol or SBFD symbol are continuous. The issue comes from the number of available UL RBs on different OFDM symbol is different. Consequently, single FDRA indication may not be suitable once PUSCH is allocated with UL symbol and SBFD symbol. If frequency hopping is enabled, the issue is even more severe as PUSCH hop may exceed UL subband due to the more restricted available UL resources. 


Figure 7 Examples for PUSCH transmission across SBFD symbol and non-SBFD symbol


For a CG PUSCH configuration without repetitions, if the transmission occasions are across SBFD symbols and non-SBFD symbols where each transmission occasion has either all SBFD or all non-SBFD symbols, the following options were identified in RAN1#116bis meeting:
· Option 1: Separate resource configurations for SBFD symbols and non-SBFD symbols
· FFS type 2 CG PUSCH
· FFS other separate configurations for SBFD symbols and non-SBFD symbols
· Option 2: Single resource configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type
· Option 3: A CG PUSCH transmission occasion overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid
· Option 4: Only CG PUSCH transmission occasion in one symbol type is valid and CG PUSCH transmission occasion in the other symbol type is invalid 
· Option 5: Only the assigned PRBs within UL usable PRBs in SBFD symbols are considered to be valid for CG PUSCH 

CG PUSCH configuration has sufficient flexibility to avoid the corresponding transmission occasions are across SBFD symbols and non-SBFD symbols. Therefore, the motivation for optimizing the case of CG PUSCH configuration without repetition is weak. If gNB somehow cannot avoid such kind of CG PUSCH configuration, we prefer a simple mechanism to address the issue. Basically, option 3 can achieve the following two kinds of CG PUSCH transmission:
· CG PUSCH transmission is allowed on non-SBFD symbols only once CG PUSCH transmission occasion overlapping with RBs outside UL usable PRBs. It can be regarded as option 4.
· CG PUSCH transmission is allowed on both non-SBFD slot and SBFD slot if frequency resource of CG PUSCH is fully contained by UL subband.
Option 3 doesn’t require RRC signalling modification and has more flexibility or CG PUSCH configuration, which is preferred.

Proposal 17: For a CG PUSCH configuration without repetitions, if the transmission occasions are across SBFD symbols and non-SBFD symbols where each transmission occasion has either all SBFD or all non-SBFD symbols, support the following mechanism.
· Option 3: A CG PUSCH transmission occasion overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid.


For PUSCH repetition type-A across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PUSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PUSCH within a slot has either all SBFD or all non-SBFD symbols, and for TBoMS across SBFD symbols and non-SBFD symbols in different slots, where each transmission within a slot has either all SBFD or all non-SBFD symbols, the following options were identified in RAN1#116bis meeting:
· Option 1: Separate FDRA configuration/indications/interpretations for SBFD symbols and non-SBFD symbols
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type 
· Option 3: A PUSCH in a slot overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid, e.g., the PUSCH in the slot is dropped/postponed
· Option 4: Only PUSCH in one symbol type is valid and PUSCH in the other symbol type is invalid
· Option 5: For a PUSCH in a slot overlapping with RBs outside UL usable PRBs in SBFD symbols, only the assigned PRBs within UL usable PRBs are considered to be valid 
· Option 6: gNB does not schedule any PUSCH in SBFD symbols in a slot to be overlapping with PRBs outside UL usable PRBs
· Other options are not precluded
· FFS: Applicable conditions

Basically, option 1 and option 2 need to update the overall procedure of indicating frequency resource for PUSCH, saying separate FDRA for different symbol types has to be provided. In order to achieve separate FDRA indication, either explicit mechanism or implicit mechanism is inevitable. For explicit mechanism, two FDRA information fields are carried by DCI or RRC signalling. It obviously increases the payload size of DCI which degrades PDCCH performance. Furthermore, it is not a universal solution as it is impossible to add any new information field bits for fallback DCI, i.e., DCI format 0_0. Option 2 actually can be considered as a subset of option 1, with less overhead but also less flexibility compared to option 1. If the RB offset is carried by DCI, same issue as option 1. If the RB offset is configured in a semi-static manner, the flexibility is significantly reduced. To be specific, the frequency allocation for PUSCH on SBFD symbols is determined by the frequency allocation for PUSCH on non-SBFD symbols. On the other hand, the allocated RBs for PUSCH may exceed SBFD subband, which needs further consideration.

Option 3 to option 6 don’t need any update or modification on FDRA indication. The overall standardization impacts are trivial if not zero. 

Option 3 allows PUSCH transmission occasions across SBFD symbols and non-SBFD symbols once frequency resources of PUSCH are confined within SBFD subband. Otherwise, PUSCH is only transmitted on non-SBFD slot. Although the PUSCH overlapping with RBs outside UL usable PRBs in SBFD symbols can be either dropped or postponed, we slightly prefer to postpone PUSCH transmission from performance perspective. On the hand, the postponing mechanism can be perfectly covered by current available slot counting so as only very limited specification update is perceived. However, it is too restrictive that PUSCH transmission on SBFD symbols has to be dropped or postponed even if there is only one or few PRBs overlaps with RBs outside UL usable PRBs. It will either degrade uplink transmission or introduce more latency. A threshold for the ratio of invalid PRBs and allocated PRBs can be configured/indicated by gNB. UE only need to drop or postpone PUSCH transmission occasion on SBFD symbols once the number of invalid PRBs is more than the one defined by the threshold.

Option 4 itself is very restrictive which may weaken technical advantage of SBFD operation. Thanks to additional UL resources on SBFD symbols, SBFD improves uplink coverage and reduces uplink latency. If uplink transmission only allowed on either SBFD symbol or non-SBFD symbol, we doubt how can SBFD operation useful. On the other hand, option 4 can be regarded as a subset of option 3. To be specific, if the condition of transmitting PUSCH across SBFD symbols and non-SBFD symbols is not satisfied, option 3 fallbacks to option 4 in nature. Therefore, we don’t prefer option 4.

Option 5 itself is too aggressive to be acceptable. The number of invalid PRBs on SBFD symbols can be very significant so as the effective coding rate for such kind of PUSCH transmission is very high. In the end, it degrades combination performance of PUSCH repetition at gNB side. Besides, option 5 requires rate matching for uplink transmission. However, it is something new for UE capability which needs serious consideration.

Option 6 is too restrictive to be supported from our view. 

Proposal 18: For PUSCH repetition type-A across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PUSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PUSCH within a slot has either all SBFD or all non-SBFD symbols, and for TBoMS across SBFD symbols and non-SBFD symbols in different slots, where each transmission within a slot has either all SBFD or all non-SBFD symbols, support option 3 with conditions.
· Option 3: A PUSCH in a slot overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid. The PUSCH in the slot is postponed if the number of RBs overlapping with PRBs outside usable RB is beyond certain threshold.


Regarding to PUSCH repetition with frequency hopping, it is too restrictive if gNB has to always guarantee two PUSCH hops are located within UL subband. Currently, a frequency hopping offset list is configured for determining each PUSCH hop. In order to avoid PUSCH hop is out of UL subband, conservative scheduling decision is the only choice. It obviously degrades potential performance gain harvested from frequency hopping. Similar to PUSCH repetition without frequency hopping, the following several options can be considered:
· PUSCH repetition is scheduled on UL slot only if one of the hops exceeds UL subband. One possible mechanism is gNB should guarantee the first PUSCH transmission locates on UL slot or flexible slot once PUSCH repetition and frequency hopping are configured or indicated. For the left repetitions, they are transmitted on UL slot or flexible slots. In the other words, SBFD slot is regarded as unavailable slots. 
· PUSCH repetition is scheduled on SBFD slot only if one of the hops exceeds UL BWP. One example is the first PUSCH transmission locates on SBFD slot while UL subband is partially overlapped with UL BWP. However, it can be treated as error case considering we already agreed that UE can only transmit uplink within active UL BWP.
· PUSCH repetition is scheduled on UL slot and SBFD slot, and gNB guarantees PUSCH hop on SBFD slot doesn’t exceed UL subband with the same frequency hopping offset list.
· PUSCH repetition is scheduled on UL slot and SBFD slot, separate frequency offset lists are applied to UL slot and SBFD slot respectively. 

For the last mechanism, additional consideration on how to use single FH offset indication to indicate proper FH offset for UL slot and SBFD slot respectively is needed.  


Proposal 19: For PUSCH repetition with frequency hopping, the following mechanisms can be considered for PUSCH across SBFD slot and non-SBFD slot:
· Option1: PUSCH repetition is mapped on non-SBFD slot only if one of the hops exceeds UL subband, otherwise PUSCH repetition can be mapped on non-SBFD slot and SBFD slot
· Option2: PUSCH repetition is scheduled on non-SBFD slot and SBFD slot, same frequency hopping offset list is applied
· Option3: PUSCH repetition is scheduled on non-SBFD slot and SBFD slot, separate frequency offsets list are applied to UL slot and SBFD slot respectively

PUCCH transmission on multiple slots

PUCCH can be transmitted with periodic manner or aperiodic manner. The time and frequency resource for PUCCH transmission is indicated by PUCCH resource indicator and/or PUCCH-config. Furthermore, PUCCH repetition is supported via either DCI indication or RRC configuration.

For a DCI indicated PUCCH transmission without repetition, gNB can indicate a PUCCH resource anywhere within UL subband based on pre-configured PUCCH resource list. Considering the available bandwidth for uplink transmission is quite different on UL slot and SBFD slot, gNB has to configure at least one PUCCH resource which fits into UL subband. As there are at least 8 PUCCH resources can be configured for a PUCCH resource set, it may be sufficient to reuse current mechanism to indicate the PUCCH resource on UL slot or on SBFD slot.

For a periodic PUCCH transmission, its time/frequency resource is totally configured by RRC signalling. The minimum periodicity is 4 slots and the offset within periodicity can also be configured. Theoretically, periodic PUCCH transmission can be always allocated on UL slot or SBFD slot. Even if the periodic PUCCH are located on both SBFD slot and UL slot, there is no issue if a proper configuration is provided, e.g., the assigned PUCCH resource is within UL subband in frequency domain. From this perspective, the current mechanism to configure periodic PUCCH transmission can be reused when UL subband is configured on some OFDM symbols.

Observation 2: For PUCCH without repetition, current specification may be sufficient to avoid PUCCH transmission across SBFD symbols and non-SBFD symbols.

For PUCCH transmission with repetition, it is quite similar to PUSCH. Accordingly, we have the following proposal:
[bookmark: OLE_LINK9]
Proposal 20: For PUCCH repetition without frequency hopping, the following mechanisms can be considered for PUCCH across SBFD slot and non-SBFD slot:
· Option1: PUCCH repetition is mapped on non-SBFD slot only if PUCCH resource exceeds UL subband, otherwise PUCCH repetition can be mapped on non-SBFD slot and SBFD slot.
· Option2: PUCCH repetition is indicated on non-SBFD slot and SBFD slot with confining frequency resources in UL subband.
· Option3: PUCCH repetition is indicated on non-SBFD slot and SBFD slot, the frequency allocation on UL slot and SBFD slot can be different, e.g., same PUCCH resource configuraiton with different PRI or separate PUCCH resource configuration.

For the last mechanism, i.e., different PUCCH resources for UL slot and SBFD slot, we need to further study the mechanisms of how to indicate two different PUCCH resources. For example, whether to reuse current BWP-specific PUCCH resource set, and whether to introduce a joint indication for PUCCH resource determination, etc.

For PUCCH with repetition and inter-slot frequency hopping, we have the following proposal:

Proposal 21: For PUCCH repetition with frequency hopping, the following mechanisms can be considered for PUCCH across SBFD slot and non-SBFD slot
· Option1: PUCCH repetition is mapped on non-SBFD slot only if one of the hops exceeds UL subband, otherwise PUCCH repetition can be mapped on non-SBFD slot and SBFD slot
· Option2: PUCCH repetition is indicated on non-SBFD slot and SBFD slot, same frequency hopping offset list is applied
· Option3: PUCCH repetition is indicated on non-SBFD slot and SBFD slot, separate frequency offsets list are applied to UL slot and SBFD slot respectively


PDSCH transmission on multiple slots

· For an SPS PDSCH configuration without repetitions, if the reception occasions are across SBFD symbols and non-SBFD symbols where each reception occasion has either all SBFD or all non-SBFD symbols, the following options were identified in RAN1#116bis meeting:Option 1: Separate resource allocations for SBFD symbols and non-SBFD symbols
· FFS other separate configurations for SBFD symbols and non-SBFD symbols
· Option 2: Single resource configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type
· Option 3: An SPS PDSCH reception occasion overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid 
· Option 4: Only SPS PDSCH reception occasion in one symbol type is valid and SPS PDSCH reception occasion in the other symbol type is invalid 
· Option 5: Only the assigned PRBs within DL usable PRBs in SBFD symbols are considered to be valid for SPS PDSCH

There are many similarities between SPS PDSCH and CG PUSCH. Hence, we basically have similar views on SPS PDSCH as CG PUSCH. Particularly, FDRA indication for SPS PDSCH is carried by activation DCI, which makes it important to try our best to avoid any overhead issue NBC issue. Accordingly, we have the following proposal:

Proposal 22: For a SPS PDSCH configuration without repetitions, if the reception occasions are across SBFD symbols and non-SBFD symbols where each reception occasion has either all SBFD or all non-SBFD symbols, support the following mechanism.
· Option 3: An SPS PDSCH reception occasion overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid.

For multi-PDSCH scheduled by a single DCI, it is similar to multi-PUSCH excepting DL subband cannot exceed DL BWP. We have the following proposal for multi-PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols respectively.



Proposal 23: For multi-PDSCH scheduled by a single DCI, the following mechanisms can be considered for PDSCH across SBFD slot and non-SBFD slot:
· Option 1: All PDSCHs are mapped on non-SBFD slot only if resource allocation of PDSCH exceeds DL subband, otherwise PDSCHs are mapped on non-SBFD slot and SBFD slot.
· Option 2: Multi-PDSCH is scheduled on non-SBFD slot and SBFD slot with confining frequency resources in DL subband.

For PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PDSCH within a slot has either all SBFD or all non-SBFD symbols, the following options were identified in RAN1#116bis meeting: 
· Option 1: Separate FDRA configuration/indications/interpretations for SBFD symbols and non-SBFD symbols
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type 
· Option 3: A PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid, e.g., the PDSCH in the slot is dropped
· Option 4: Only PDSCH in one symbol type is valid and PDSCH in the other symbol type is invalid
· Option 5: For a PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols, only the assigned PRBs within DL usable PRBs are considered to be valid 
· Option 6: gNB does not schedule any PDSCH in SBFD symbols in a slot to be overlapping with PRBs outside DL usable PRBs
· Other options are not precluded
· FFS: Applicable conditions

From our understanding, the issue for PDSCH repetitions and PUSCH repetitions is same, i.e., the usable PRBs on SBFD symbols and non-SBFD symbols are different. Therefore, our analyses on each option for PUSCH can be directly applied to PDSCH. Accordingly, we have the following proposal:

Proposal 24: For PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PDSCH within a slot has either all SBFD or all non-SBFD symbols, support option 3 with conditions.
· Option 3: A PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid. The PDSCH in the slot is dropped if the number of RBs overlapping with PRBs outside usable RB is beyond certain threshold.

PDCCH transmission on multiple slots

PDCCH search space is configured in a semi-static manner and transmitted periodically. It is possible that search space occurs on SBFD symbols or non-SBFD symbols on different monitoring occasion. As the frequency resource of CORESET is configured via a bitmap with a granularity of 6 RBs, gNB can avoid collision between UL subband and CORESET in frequency domain with proper configuration. 
[bookmark: OLE_LINK10]
Proposal 25: PDCCH monitoring occasions across SBFD slot and non-SBFD slot are allowed 
· For PDCCH, it is up to gNB to avoid CORESET is assigned on unavailable resources in frequency domain.


CSI reporting configuration

In RAN1#112bis e-meeting, we discussed how a SBFD-aware UE reports CSI if the relevant CSI-RS resources locates on both SBFD slot and non-SBFD slot. The following agreement was made:
	Agreement
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and non-SBFD symbols:
· Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
· 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;
· 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.
· Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
· 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.
· FFS impact on UE CSI processing and reporting timeline
Note: Whether the CSI-RS resource can be used for SBFD and non-SBFD symbols may depend on, e.g., gNB implementation of same/different antenna configuration in both symbols. 
Option 1-1 can be supported according to existing specification by gNB configuration of appropriate periodicities to ensure that the CSI-RS associated with each CSI-ReportConfig is confined to either SBFD symbols or non-SBFD symbols only. But it may restrict the gNB configuration flexibility and enhancements can be considered by additional indication or rules to determine the CSI-RS is valid within one symbol type and is invalid in the other symbol type.
Option 2-2 can be supported according to existing specification to configure measurement restriction so that UE would not average CSI measurements across SBFD and non-SBFD symbols.



CSI reporting is carried by PUSCH or PUCCH, i.e., aperiodic CSI report is carried by PUSCH which is scheduled by DCI and periodic CSI report is carried by PUCCH which is configured by PUCCH. The resources carrying CSI reporting should be discussed under the umbrella of PUCCH and PUSCH. 

As discussed in study item, there are several manners of implementation on antenna architecture for SBFD slot and non-SBFD slot, carter to the requirement on duplex technology. In RAN1#110 meeting, three options were raised:
· SBFD antenna configuration option-1 (same as Opt 1 in RAN1#109 agreement): The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
· SBFD antenna configuration option-2 (same as Opt 2 in RAN1#109 agreement): The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
· SBFD antenna configuration option-3 (new): The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is half of the total number of TxRUs of the antenna array for legacy TDD.
It is obviously the channel state measured on different slots assuming different antenna architecture is quite different. From this perspective, CSI reporting associated with same CSI-RS resource which locates on both SBFD slot and non-SBFD slot may be not capable to reflect the realistic channel condition. On the other hand, antenna architecture is totally up to gNB implementation. To be specific, gNB A may employ option 1 resulting in different capabilities on different slots. In this case, separate CSI reporting for SBFD symbols and non-SBFD symbols should be supported. On the other hand, gNB B may employ option 2 wherein the available TxRU and antenna element for SBFD slot and non-SBFD slot are same. In this case, same CSI reporting for SBFD symbols and non-SBFD symbols is sufficient and can reduce the consumption on CSI reporting configuration. Although the CSI RS located on non-SBFD slot suffers inter-subband UE-UE CLI, we believe it may be trivial in some cases and can be handled properly by gNB.

From our understanding, option 1-1 and option 2-2 are sufficient for accurate channel estimation/measurement. On the other hand, option 1-2 requires more specification change while the benefit is unclear. Furthermore, considering both option 1-1 and option 2-2 are already supported since Rel-15, there is no reason to preclude one of them. Regarding to option 2-1, it is quite similar to the mechanism introduced in Rel-18 NES spatial domain enhancement. To be specific, a CSI report consists of several sub-report, wherein each sub-report associates with different CSI-RS resource. Different from NES, we may further clarify that each sub-report corresponds to a CSI-RS resource located on specific symbol type.

Proposal 26: For SBFD-aware UEs, both option 1-1 and option 2-2 are supported for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and non-SBFD symbols.
· FFS whether and how to support option 2-1

Conflict of transmission direction on SFBD symbols
SBFD aware UE is only capable of half duplex, i.e., it supports either uplink transmission or downlink reception at one time. Accordingly, gNB can schedule/configure a SBFD aware UE to transmit uplink in UL subband or receive DL in DL subband. Considering UE can only transmit uplink or receive downlink at one time, we should consider how to handle conflicts between UL and DL. In RAN1#116 meeting, the following conflicting cases were identified:
· 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
Theoretically, gNB has full power to avoid collision between dynamic DL and dynamic UL on the same symbol. Therefore, it may be a reasonable hypothesis that UE doesn’t expect gNB dynamically schedules uplink and downlink at the same time. On the other hand, dynamic downlink channel and dynamic uplink channel may have different priorities, i.e., one is associated with eMBB while the other is associated with URLLC. gNB may firstly schedule a PUSCH or PDSCH carrying eMBB traffic and later schedule a PDSCH or PUSCH carrying URLLC on the same symbol. In this sense, it makes sense to consider collision between dynamic downlink and dynamic uplink with different priority respectively. 
On the other hand, we briefly discussed whether it is a valid case wherein eMBB traffic and URLLC traffic with different direction colliding with each other on the same OFDM symbols. Considering URLLC traffic typically has sporadic characteristic, it is very hard for network to make a precise prediction. Once URLLC packet arrives, network should guarantee it is transmitted as soon as possible in order to satisfy the requirement of low latency. Hence, it is inevitable URLLC traffic collides with eMBB traffic. More importantly, 3GPP already designs and specifies the mechanism to handle the collision between URLLC and eMBB, for example:
· In Rel-15, pre-emption indication was specified in order to improve the performance of eMBB PDSCH which is interrupted by URLLC PDSCH.
· In Rel-16, uplink cancellation was specified in order to improve the performance of URLLC PUSCH which is interfered by eMBB PUSCH.
All in all, we should pay careful attention on the case of DG DL collides with DG DL if they have different priorities.

Observation 3: The conflicted dynamic downlink and dynamic uplink on the same SBFD symbol may have different priorities.

For type 2 collision, gNB may transmit semi-static downlink channel or reference signal on the DL subband(s) whilst schedule the same SBFD aware UE to transmit uplink channel or reference signal on the UL subband. One straightforward mechanism is to assume dynamic scheduling takes higher priority, which is the generic principle since Rel-15. However, the aforementioned dynamic channel and the semi-static channel may have different priorities. For example, gNB schedules a PUSCH with R=4 while the SPS periodicity equates two, which can be explained in Figure 8. On slot#0, SPS PDSCH collides with PUSCH repetition. If SPS PDSCH is configured with a high priority, i.e., its harq-CodebookID points to the HARQ codebook with high priority, it is hard to say the dynamic PUSCH should be prioritized.


[bookmark: _Ref127300522]Figure 8 Example of collision between semi-static DL and dynamic UL
Observation 4: Semi-static DL and dynamic UL with repetition may collide on SBFD symbol.

For type 1 collision, it is similar to type 2 collision, i.e., gNB may transmit dynamic downlink channel with repetition or reference signal on the DL subband(s) whilst indicates the same SBFD aware UE to transmit semi-static uplink channel or reference signal on the UL subband.

For type 3 collision, we need to discuss the semi-static DL transmission and semi-static UL transmission case by case. We summarize the procedure of how to determine the time location of each semi-static channel or reference signal as below:
Table 1  Determination of time domain resource for semi-static channel and reference signal
	Semi-static channel/signal
	Procedure of determining time location for each transmission

	Type-1 CG PUSCH
	The periodicity, time reference SFN, time offset and time domain resource allocation are configured by RRC signalling.

	Type-2 CG PUSCH
	The periodicity of CG PUSCH occasion is provided by RRC signalling. The time domain resource allocation within a slot is provided via activation DCI.

	Periodic PUCCH
	PUCCH resource, periodicity and offset are configured by RRC signalling.

	Periodic SRS
	SRS resource, periodicity and offset are configured by RRC signalling.

	Semi-persistent SRS
	SP SRS is triggered via MAC CE. Its periodicity and offset are configured by RRC signalling.

	SPS PDSCH
	SPS PDSCH is activated via DCI format with CRC scrambled by CS-RNTI. The periodicity is configured via RRC signalling.

	Periodic CSI RS
	The periodicity and offset for NZP CSI-RS and ZP CSI-RS are configured via RRC signalling.

	Semi-persistent CSI RS
	Both SP ZP CSI-RS and SP NZP CSI-RS are triggered by MAC CE, i.e., with individual MAC CE respectively. The periodicity and offset are configured via RRC signalling.


Generally speaking, gNB can avoid collision between semi-static uplink and semi-static downlink via proper configuration. On the other hand, the additional consideration on avoiding collision between DL and UL may degrade the performance for one or another. For example, Type-1 CG PUSCH carrying URLLC traffic with high priority and SPS PDSCH are configured for UE simultaneous. If gNB has to guarantee there is no overlapping between SPS PDSCH and CG PUSCH in time domain, it introduces restrictions on the configuration for both of them, which is not expected.
Observation 5: The conflict between semi-static DL and semi-static UL may occur.

For type 5 collision, gNB transmits broadcast channels, i.e., SSB, while UE is required to transmit uplink channel or signal on the same SBFD symbol. SSB targets for group of UEs, including SBFD aware UE and non-SBFD aware UE. Their configuration and transmission should not be impacted by SBFD operation. On the other hand, gNB may or may not schedule UL transmission within UL subband in a SBFD slot containing aforementioned DL broadcast channels. There is a concern that intra-cell UE-to-UE CLI may jeopardize DL performance, particularly SSB is fundamental for system performance. Actually, SSB is quite robust in nature, with low coding rate, robust physical structure, special RS design, etc. Even in the legacy network, SSB suffers intra-subband gNB-to-UE interference from neighbouring cell. Intra-gNB UE-to-UE CLI may be not as significant as legacy gNB-to-UE interference. Furthermore, frequency gap between SSB and UL transmission within UL subband can provide additional protection for SSB. 
Observation 6: The impacts on SSB from UL transmission within UL subband may not always be an issue.

Based on the aforementioned analyses, we have the following proposal:

Proposal 27: The following conflicting cases of DL reception and UL transmission need to be further studied:
· Type 1: Dynamic DL on SBFD symbol conflicts with Dynamic UL on the UL subband.
· Type 2: Semi-static DL on SBFD symbol conflicts with Dynamic UL with repetition on the UL subband.
· Type 3: Broadcast DL on SBFD symbol conflicts with UL on the UL subband.
· Type 4: Dynamic DL with repetition on SBFD symbol conflicts with semi-static UL on the UL subband, including CG PUSCH, periodic uplink reference signal and periodic PUCCH.
· Type 5: Semi-static DL on SBFD symbol conflicts with semi-static UL on the UL subband.

Regarding case 6, we think we need to first discuss how to determine valid RO within UL subband. From our understanding, if there is DL transmission overlaps with a configured RO in time domain, the RO should be invalid. Hence, we prefer to defer case 6 until we have some progress in AI9.3.2.

Proposal 28: The discussion on case 6 should be deferred until the definition of valid RO is clear in AI9.3.2.

DL-to-UL switching period between SBFD symbol and non-SBFD symbol
For unpaired spectrum, guard period is needed between DL region and UL region. Basically, the guard period is expected to provide sufficient time between DL region and UL region for DL-to-UL switching and ICI interference avoidance. For example, UE needs time to conduct DL-to-UL switching and TA adjustment. Currently the guard period is covered by flexible slot and the length of guard period is up to implementation, i.e. a value not smaller than . Similarly, guard period is also needed between the last OFDM symbol in DL region and the first OFDM symbol in UL subband. One example is shown in Figure 9, wherein DL-to-UL switching point between DL slot and UL subband is needed in addition to the legacy guard period. The additional DL-to-UL switching point can be configured explicitly or implicitly. However, the overhead should also be carefully evaluated as the guard period cannot be used for transmission and reception. Additional DL-to-UL switching point would reduce the spectrum utilization.


[bookmark: _Ref126929437]Figure 9 Examples of DL to UL switching point between DL and UL subband

For legacy TDD, uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE side. The purpose is to compensate propagation delay and provide sufficient time for Rx-to-Tx switching at gNB side.[5] The Uplink-downlink time relation can be explained by Figure 10. As there is always flexible symbol between DL symbol and UL symbol, inter-slot interference caused by time advance at UE side can be avoided and Rx-to-Tx switching gap  can be guaranteed. 


[bookmark: _Ref126929470]Figure 10 Uplink-downlink timing relation

For SBFD aware UE, UL subband is configured in DL slots. An example is shown in Figure 11, wherein assuming UL subband is configured in DL slot#2 to DL slot#5. There is a back-to-back transmission between DL slot#1 and UL subband in slot#2. As a timing advance is applied to UE, i.e.,  defined in TS38.211, UE needs to transmit uplink in advance with  relative to its DL timing. As there is no guard period between DL symbol and UL subband, the following issues are observed:
· Issue#1: A SBFD aware UE needs to transmit uplink on the resources potentially scheduled with downlink, i.e., there is collision between DL and UL for the UE. Considering UE only half duplex capability, gNB has to avoid such kind of collision via scheduling. In the other words, some resources are unavailable for DL reception or UL transmission for this UE, which degrades its performance.
· Issue#2: If gNB schedules uplink transmission on the conflicting symbols, gNB suffers intra-subband self-interference as gNB needs to schedule DL for the other UEs. This case is out of scope as Rel-18 only study SBFD operation, instead of SSFD operation.
· Issue#3: The uplink transmission on the conflicting resources introduces intra-subband UE-UE CLI for the other UEs belonging to the same serving cell. It will significantly degrade legacy UE’s DL performance, which is not preferred. 


[bookmark: _Ref126929510]Figure 11 Timing alignment due to back-to-back DL and UL
Currently, flexible symbols need to be configured between DL region and UL region. Thanks to the flexible symbols in between, NTA,offset and NTA can be employed to guarantee aligned timing at gNB side and provide sufficient gap for Rx-to-Tx switching. Hence the key point is a guard period must be provided between the last DL symbol in DL slot and the first UL symbol in UL subband. At least the following mechanisms can be considered in the further study:
· Option 1: The guard period is configured by gNB for SBFD aware UE. 
· Option 2: UE does not expect to transmit in the uplink on the first G symbols within UL subband.
· Option 3: The first OFDM symbol of UL subband is always adjacent UL symbol or flexible symbol.
Option 3 is the simplest mechanism and can fully enjoy the bonus of semi-static flexible OFDM symbols. No or trivial standard impact is expected. One example is shown in Figure 12. UL subband is configured right behand semi-static UL symbol, i.e., UL region is contiguous from SBFD aware UE point of view. The flexible symbols can be used for the guard period between DL region and UL region. Unified TA value, i.e., determined by the current mechanism, is applied to SBFD symbol and UL symbol. As the legacy gap period can be fully reused, we don’t need to introduce or define additional gap period between DL symbol and SBFD symbol. The spectrum efficiency is higher compared with option 1 and option 2. Hence, we slightly prefer option 3.


[bookmark: _Ref127302563]Figure 12 UL subband is adjacent to UL symbol

Proposal 29: Guard period between DL region and UL subband is needed and at least the following mechanism can be considered.
· Option 1: The guard period is configured by gNB for SBFD aware UE. 
· Option 2: UE does not expect to transmit in the uplink on the first G symbols within UL subband.
· Option 3: The first OFDM symbol of UL subband is always adjacent UL symbol or flexible symbol.

Conclusion 
In this contribution, we provide our views on subband non-overlapping full duplex. We have the following observations:
Observation 1: The maximum number of transition point between DL/UL to UL/DL is a generic issue for SBFD operation.
Observation 2: For PUCCH without repetition, current specification is sufficient to avoid PUCCH transmission across SBFD symbols and non-SBFD symbols.
Observation 3: The conflicted dynamic downlink and dynamic uplink on the same SBFD symbol may have different priorities.
Observation 4: Semi-static DL and dynamic UL may collide on SBFD symbol.
Observation 5: The conflict between semi-static DL and semi-static UL may occur.
Observation 6: The impacts on SSB from UL transmission within UL subband may not always be an issue.

Based on the aforementioned discussion and observation, we have the following proposals:
Proposal 1: The following mechanism can be considered to indicate the time domain location of SBFD subband.
· Option 1: SLIV-based indication, FFS how to reduce the signalling overhead.
· Option 2: Common TDD UL-DL configuration like mechanism, i.e., time location of SBFD subband is implicitly derived via precluding non-SBFD symbols within a TDD period.

Proposal 2: gNB can provide a TDD UL-DL configuration via tdd-UL-DL-ConfigurationCommon once it intends to configure SBFD subband.
Proposal 3: How to define guard period between DL symbol and first symbol occupied by UL subband needs further study.
Proposal 4: If UL subband is configured on semi-static flexible symbol and gNB further adjusts direction for the symbols, clarify behaviour of SBFD aware UE at least for the following cases:
· Semi-flexible symbol is indicated as DL symbol on which UL subband is configured
· Semi-flexible symbol is indicated as UL symbol on which UL subband is configured
· Semi-flexible symbol is indicated as SFI flexible symbol on which UL subband is configured
Proposal 5: Study the maximum number of transition point between DL/UL and UL/DL within consecutive SBFD slots.
Proposal 6: Only one transition point is allowed within a slot consisting of both SBFD symbols and non-SBFD symbols.
· Flexible symbols between DL symbol and UL symbol can be used as guard period for switching between SBFD symbol and non-SBFD symbol.
Proposal 7: Frequency location of guard subband(s) are explicitly configured if any. DL subband(s) are implicitly derived as the RBs which are not within UL subband or guard subband(s).
Proposal 8: 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 9: For configuring frequency location of UL subband, the following mechanism can be considered:
· Reuse the same mechanism of configuring BWP to configure the frequency locations of subband for SBFD operation, i.e., the starting position and length are indicated.
· If gNB doesn’t provide any configuration for UL subband frequency location, a default BWP is used to determine the frequency location of the UL subband.  
Proposal 10: Cell-specific RRC signalling is used to configure SBFD subband frequency location as baseline.
Proposal 11: For frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, option 1-2 is adopted.
Proposal 12: Capture it in TS38.214 that only RBs contained in DL subband are available for PDSCH.
Proposal 13: The existing mechanisms to indicate frequency resources for DL transmission is sufficient for SBFD symbols.
Proposal 14: For CSI-RS resource configuration on SBFD slot, non-contiguous CSI-RS resource configuration via implicit mechanism is supported on SBFD slot, i.e., option 2-2.
Proposal 15: For a subband-edge frequency unit, i.e., RBG, PRG and CSI-RS resource, only the RBs contained by DL subband are used for DL transmission.
Proposal 16: For UL transmission and DL reception, it can be across SBFD symbols and non-SBFD symbols in different slots.
· It is possible that the transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only.
Proposal 17: For a CG PUSCH configuration without repetitions, if the transmission occasions are across SBFD symbols and non-SBFD symbols where each transmission occasion has either all SBFD or all non-SBFD symbols, support the following mechanism.
· Option 3: A CG PUSCH transmission occasion overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid.
Proposal 18: For PUSCH repetition type-A across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PUSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PUSCH within a slot has either all SBFD or all non-SBFD symbols, and for TBoMS across SBFD symbols and non-SBFD symbols in different slots, where each transmission within a slot has either all SBFD or all non-SBFD symbols, support option 3 with conditions.
· Option 3: A PUSCH in a slot overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid. The PUSCH in the slot is postponed if the number of RBs overlapping with PRBs outside usable RB is beyond certain threshold.
Proposal 19: For PUSCH repetition with frequency hopping, the following mechanisms can be considered for PUSCH across SBFD slot and non-SBFD slot:
· Option1: PUSCH repetition is mapped on non-SBFD slot only if one of the hops exceeds UL subband, otherwise PUSCH repetition can be mapped on non-SBFD slot and SBFD slot
· Option2: PUSCH repetition is scheduled on non-SBFD slot and SBFD slot, same frequency hopping offset list is applied
· Option3: PUSCH repetition is scheduled on non-SBFD slot and SBFD slot, separate frequency offsets list are applied to UL slot and SBFD slot respectively
Proposal 20: For PUCCH repetition without frequency hopping, the following mechanisms can be considered for PUCCH across SBFD slot and non-SBFD slot:
· Option1: PUCCH repetition is mapped on non-SBFD slot only if PUCCH resource exceeds UL subband, otherwise PUCCH repetition can be mapped on non-SBFD slot and SBFD slot.
· Option2: PUCCH repetition is indicated on non-SBFD slot and SBFD slot with confining frequency resources in UL subband.
· Option3: PUCCH repetition is indicated on non-SBFD slot and SBFD slot, the frequency allocation on UL slot and SBFD slot can be different, e.g., same PUCCH resource configuraiton with different PRI or separate PUCCH resource configuration.
Proposal 21: For PUCCH repetition with frequency hopping, the following mechanisms can be considered for PUCCH across SBFD slot and non-SBFD slot
· Option1: PUCCH repetition is mapped on non-SBFD slot only if one of the hops exceeds UL subband, otherwise PUCCH repetition can be mapped on non-SBFD slot and SBFD slot
· Option2: PUCCH repetition is indicated on non-SBFD slot and SBFD slot, same frequency hopping offset list is applied
· Option3: PUCCH repetition is indicated on non-SBFD slot and SBFD slot, separate frequency offsets list are applied to UL slot and SBFD slot respectively
Proposal 22: For a SPS PDSCH configuration without repetitions, if the reception occasions are across SBFD symbols and non-SBFD symbols where each reception occasion has either all SBFD or all non-SBFD symbols, support the following mechanism.
· Option 3: An SPS PDSCH reception occasion overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid.
Proposal 23: For multi-PDSCH scheduled by a single DCI, the following mechanisms can be considered for PDSCH across SBFD slot and non-SBFD slot:
· Option 1: All PDSCHs are mapped on non-SBFD slot only if resource allocation of PDSCH exceeds DL subband, otherwise PDSCHs are mapped on non-SBFD slot and SBFD slot.
· Option 2: Multi-PDSCH is scheduled on non-SBFD slot and SBFD slot with confining frequency resources in DL subband.
Proposal 24: For PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PDSCH within a slot has either all SBFD or all non-SBFD symbols, support option 3 with conditions.
· Option 3: A PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid. The PDSCH in the slot is dropped if the number of RBs overlapping with PRBs outside usable RB is beyond certain threshold.
Proposal 25: PDCCH monitoring occasions across SBFD slot and non-SBFD slot are allowed 
· For PDCCH, it is up to gNB to avoid CORESET is assigned on unavailable resources in frequency domain.

Proposal 26: For SBFD-aware UEs, both option 1-1 and option 2-2 are supported for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and non-SBFD symbols.
· FFS whether and how to support option 2-1
Proposal 27: The following conflicting cases of DL reception and UL transmission need to be further studied:
· Type 1: Dynamic DL on SBFD symbol conflicts with Dynamic UL on the UL subband.
· Type 2: Semi-static DL on SBFD symbol conflicts with Dynamic UL with repetition on the UL subband.
· Type 3: Broadcast DL on SBFD symbol conflicts with UL on the UL subband.
· Type 4: Dynamic DL with repetition on SBFD symbol conflicts with semi-static UL on the UL subband, including CG PUSCH, periodic uplink reference signal and periodic PUCCH.
· Type 5: Semi-static DL on SBFD symbol conflicts with semi-static UL on the UL subband.
Proposal 28: The discussion on case 6 should be deferred until the definition of valid RO is clear in AI9.3.2.
Proposal 29: Guard period between DL region and UL subband is needed and at least the following mechanism can be considered.
· Option 1: The guard period is configured by gNB for SBFD aware UE. 
· Option 2: UE does not expect to transmit in the uplink on the first G symbols within UL subband.
· Option 3: The first OFDM symbol of UL subband is always adjacent UL symbol or flexible symbol.
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