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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we discuss the semi-static indication of time-frequency locations of SBFD subbands and UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UEs.

2. Discussion
2.1 SBFD subband indication
[bookmark: OLE_LINK1]Before discussing the detailed configuration of SBFD subband time location and frequency location, we will address some overarching considerations, including whether the configuration is cell-specific or UE-specific and how it is conveyed to the UE. The following agreement has been made in RAN1#116.
	Agreement
For RRC connected mode UEs, at least cell-specific configuration on time and frequency(working assumption) location of SBFD subbands is supported within a TDD carrier.
· FFS: Additional support of UE-specific configuration on time and/or frequency locations of SBFD subbands


According to the WID, the time and frequency location of SBFD subbands should be indicated to UEs in RRC_CONNECTED mode. Whether to extend the indication to UEs in RRC_IDLE/INACTIVE mode is subject to further discussion. From signaling perspective, the indication of SBFD subband can be carried in either SIB or UE-specific RRC signaling. The signaling choice depends on several factors:
· Necessity and feasibility to configure UE-specific time and frequency location of SBFD subbands
· Which one is more proper from signaling overhead perspective
· Whether to support SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access
Regarding the first aspect, we believe the most practical SBFD deployment scenario involves configuring identical SBFD subbands for all SBFD-aware UEs within the network. While different UEs with different UL coverage might benefit from individual subband configurations over time, this introduces significant gNB-to-gNB co-channel intra-subband CLI, especially in macro deployments. Implementing UE-specific time-frequency locations for SBFD subbands may be practically infeasible, similar to the limited adoption of UE-specific TDD configurations despite being supported since Rel-15. In addition, in the last meeting, UE-specific frequency location of SBFD subbands was proposed and one motivation is to facilitate UE-specific guard band(s). On one hand, the main usage of guard band(s) is to provide frequency isolations at the gNB. This is not applicable for the UE. Furthermore, if the intention is to allow different usable resources for different UEs, it can be achieved by not scheduling some RBs by gNB in a transparent manner. Based on the above discussion, we have the following proposal:
Proposal 1: Confirm the working assumption “For RRC connected mode UEs, at least cell-specific configuration on time and frequency (working assumption) location of SBFD subbands is supported within a TDD carrier.”
· UE-specific configuration on time and/or frequency locations of SBFD subbands is not supported
On the second aspect, using SIB is preferable if the configuration is common across all UEs within a cell. This minimizes signaling overhead and simplifies gNB management. 
Finally, if SBFD operation extends to UEs in RRC_IDLE/INACTIVE mode for random access, the SBFD subband time and frequency location should at least be configured in SIB. Of course, this does not preclude the possible to convey this cell-specific configuration via UE-specific RRC signaling, e.g., RRC reconfiguration, SBFD SCell addition, etc.
Proposal 2: The indication of SBFD subband time and frequency locations is at least configured semi-statically in SIB.

2.1.1 Indication of SBFD subband time-domain location
For the indication of SBFD subband time-domain location, the following agreements were made in RAN1#116.
	Agreement:
For RRC connected mode UEs, SBFD subband time locations are configured within a period. At least when only one TDD-UL-DL pattern is configured, the period is down-selected from one of the following options.
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· Option 2: The period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· FFS: Further details
FFS: Details when two TDD-UL-DL patterns are configured
Agreement
A slot can consist of SBFD symbols and non-SBFD symbols.
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


The periodicity of SBFD subband time location
For the periodicity of SBFD subband time location, when only one TDD-UL-DL pattern is configured, it is sufficient to configure the SBFD subband time locations within a TDD UL/DL pattern period. Even though the integer multiple of TDD-UL-DL pattern period provides some additional flexibility at the cost of a higher signaling overhead, the target scenario is a bit unclear and one may need to further discuss the maximum periodicity. 
When two TDD-UL-DL patterns are configured, either the SBFD symbols are configured for only one of the patterns or for both of the patterns, the period of SBFD subband time location can be regarded as [image: ] msec includes first [image: ] slots and second [image: ] slots, where P is the period of the first TDD-UL-DL pattern and [image: ] is the period of the second TDD-UL-DL pattern.
Proposal 3: When only one TDD-UL-DL pattern is configured, the SBFD subband time locations is configured within a TDD UL/DL pattern period.
· When two TDD-UL-DL patterns are configured, either the SBFD symbols are configured for only one of the patterns or for both of the patterns, the period of SBFD subband time location can be regarded as [image: ] msec includes first [image: ] slots and second [image: ] slots, where P is the period of the first TDD-UL-DL pattern and [image: ] is the period of the second TDD-UL-DL pattern.
The detailed signaling design for the indication of SBFD subband time location
According to the agreements in the last meeting, SBFD symbols are configured in consecutive manner within a TDD-UL-DL pattern period. And in the first SBFD slot or last SBFD slot, the SBFD symbols can start from or end in any symbol within the slot. To minimize the signaling overhead, a combination of slot-level and symbol-level configurations can be considered. For example, the gNB can firstly configure the SBFD slots within a TDD-UL-DL pattern period. Then the gNB can additionally indicate the last X symbols in the first SBFD slot as SBFD symbols and/or the first Y symbols in the last SBFD slot as SBFD symbols.
Proposal 4: For the indication of SBFD subband time location, a combination of slot-level and symbol-level configurations can be considered.
· The slot level configuration is to configure the SBFD slots.
· The symbol level configuration is to configure the SBFD symbols in the first SBFD slot and/or last SBFD slot.

2.1.2 Indication of SBFD subband frequency-domain location
For the indication of SBFD subband frequency-domain location, the following agreements were made in RAN1#116.
	Agreement:
The maximum number of UL subbands for SBFD operation in an SBFD symbol within a TDD carrier is one.
The UL subband can be located at one side of the carrier or can be located at the middle part of the carrier.
For semi-static indication of SBFD subband frequency location, down-select from the following options.
· Option 1: Frequency locations of UL subband and DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
· Option 2: Frequency location of UL subband and the number of RBs for guardband(s), if any, are explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
Agreement
The subband frequency-domain resources are same across different SBFD symbols within a TDD carrier. Frequency location of cell specific UL subband, and DL subband(s) if explicitly indicated, are indicated with reference to CRB grid.
· RB-level granularity is supported for semi-static indication of SBFD subband frequency location.
· Subject to RAN4 guidance on the size of subband/guardband, if any
· FFS reference starting RB and reference SCS


For semi-static indication of SBFD subband frequency location, option 1 is preferred. Although both options are workable, option 1 is more future proof. For example, if same frequency full duplex is introduced in the future, it can be supported by option 1 by allowing the overlap of UL subband and DL subband. Signaling overhead is not a major concern for RRC configurations.
For the reference SCS, considering that it was agreed that frequency location of SBFD UL/DL subband is with reference to CRB grid and the CRB grids are configured per SCS in a serving cell by SCS-SpecificCarrier in current specification, the SBFD subband frequency-domain location can also be configured per SCS. And the SBFD subband frequency-domain location should be confined in the carrier bandwidth with same SCS. 
For the reference starting RB, either CRB 0 or the starting RB of the associated carrier can be considered. 
Proposal 5: For indication of SBFD subband frequency-domain location, the following are supported:
· Both DL subband(s) and UL subband are explicitly configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon;
· Guardband(s) if any, are implicitly derived as the RBs which are not within UL subband or DL subband(s);
· The subband frequency-domain location indication are configured per SCS in a serving cell;
· The reference starting RB can be CRB 0 or the starting RB of the associated carrier.

In the last meeting, UL/DL usable PRBs were discussed. The following agreements were made.
	Agreement
For discussion purpose, UL subband frequency resources within active UL BWP are called UL usable PRBs and DL subband(s) frequency resources within active DL BWP are called DL usable PRBs.
For determining UL/DL usable PRBs, consider the following options.
· Option 1: UL usable PRBs are determined as intersection between cell-specific UL subband and active UL BWP in SBFD symbols. DL usable PRBs are determined as intersection between cell-specific DL subband(s) and active DL BWP in SBFD symbols.
· Option 2: UL/DL usable PRBs are explicitly configured within active UL/DL BWP in SBFD symbols.
Agreement
For SBFD-aware UE transmission and reception in the SBFD symbols configured in DL and/or flexible in TDD-UL-DL-ConfigCommon, 
· UL transmissions within UL usable PRBs are allowed
· FFS SSB symbols
· DL receptions within DL usable PRBs are allowed
· UL transmissions outside UL usable PRBs are not allowed
· DL receptions outside DL usable PRBs are not allowed
· This restriction is not applicable for CLI measurement
CLI measurement behaviours for SBFD-aware UE are discussed in agenda item 9.3.3.
RAN1 to discuss SBFD aware UE behaviors in SBFD symbols with interaction with legacy TDD slot configuration indications via TDD-UL-DL-ConfigDedicated and SFI in DCI format 2_0
· DCI format 2_0 cannot be used to revert SBFD symbol to non-SBFD symbol


For determining the UL/DL usable PRBs, option 1 is straightforward and there seems no need to explicitly configure the usable PRB within active UL/DL BWP. This cause unnecessary signaling overhead, while the benefit is not clear.
Proposal 6: 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.

2.1.3 Interaction with legacy TDD slot configuration indications via TDD-UL-DL-ConfigDedicated and SFI in DCI format 2_0
In this section, we discuss SBFD aware UE behaviors in SBFD symbols with the interaction with legacy TDD slot configuration indications via TDD-UL-DL-ConfigDedicated and SFI in DCI format 2_0. 
Considering that dynamic SBFD has been excluded, a UE will determine the slot/symbol format according to time location indication of SBFD subband, TDD-UL-DL-ConfigCommon which determines the cell specific TDD UL/DL configuration, TDD-UL-DL-ConfigDedicated and SFI which determines the UE-specific TDD UL/DL configuration, if configured. 
Specifically, if TDD-UL-DL-ConfigDedicated and SFI are not configured/indicated, the UE behavior is clear. An SBFD aware UE determines the slot/symbol format according to the indication of time location of SBFD subband and TDD-UL-DL-ConfigCommon. However, if TDD-UL-DL-ConfigDedicated and/or SFI are (is) configured/indicated, the UE behavior requires some clarification. In current specification, TDD-UL-DL-ConfigDedicated can override a flexible symbol configured by TDD-UL-DL-ConfigCommon into a DL symbol or an UL symbol. SFI can override a flexible symbol configured by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated into a DL symbol or an UL symbol. But they cannot convert a DL symbol or an UL symbol into an UL symbol or a DL symbol, respectively. In our view, for the DL symbols and flexible symbols which have NOT been configured with SBFD subband configuration, the legacy UE behavior can be kept. While for DL symbols and flexible symbols which have been configured with SBFD subband configuration, if these symbols are allowed to be overridden into DL symbols or UL symbols or flexible symbols, it will result in UE-specific SBFD configurations, which have been demonstrated to be unnecessary and infeasible as discussed in Section 2.1. 
Proposal 7: For a DL or flexible symbol which has been configured with SBFD subband configuration, TDD-UL-DL-ConfigDedicated and SFI cannot override it into an UL symbol or a DL symbol or a flexible symbol.
· TDD-UL-DL-ConfigDedicated and SFI can only override flexible symbols which have NOT been configured with SBFD subband configuration.

2.2 UE transmission, reception and measurement behavior and procedures
2.2.1 Enhancement on resource allocation in frequency domain in SBFD symbols
In this section, we discuss the following objectives in the WID [1].
	· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG


Issue 1: Resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· Issue 1-1: Resource allocation in frequency domain for PDSCH across two DL subbands in SBFD symbols 
For PDSCH, if PRG is determined as wideband, the following two options have been studied at SI stage.
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
It was agreed that Option 1 can achieve better scheduling flexibility and higher DL data rate. Comparing with Option 2, Option 1 requires UE to handle two non-contiguous segments of contiguous RBs that may increase UE complexity for channel estimation. However, considering PRG with size of 2 or 4 is already supported in existing specification, it is our understanding that the UE complexity for channel estimation of option 1 will not exceed that of PRG with size of 2 or 4. 
Proposal 8: For PDSCH, if PRG is determined as wideband, the following is supported
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated.
· Issue 1-2: Resource allocation in frequency domain for CSI-RS across two DL subbands in SBFD symbols 
Frequency domain resource allocation for CSI-RS across DL subbands for SBFD-aware UEs were studied considering the following options as captured in TR 38.858 [2].
	-	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) 


[image: ]
(a) Option 1
[image: ]  [image: ]
(b) Option 2-1                              (c) Option 2-2
Fig. 1 CSI-RS resource allocation enhancement.
Option 1 utilizes two separate CSI-RS resources, each encompassing a set of consecutive RBs within each DL subband (as shown in Fig. 1(a)). However, it has a significant impact on CSI-RS configuration and CSI reporting framework. Option 2-1 introduces non-consecutive CSI-RS resource allocation across DL subbands using a single resource (Fig. 1(b)). This approach offers better flexibility as the CSI-RS resources can be positioned anywhere within the subbands. Option 2-2 reuses a single consecutive CSI-RS resource across both DL subbands, excluding frequency resources outside the subbands (Fig. 1(c)). While efficient in resource usage, it has less flexibility compared to Option 2-1.
Proposal 9: Support the following for CSI-RS resource allocation for SBFD operation.
· Option 2-1: non-consecutive CSI-RS frequency-domain resources allocation across two DL subbands by one CSI-RS resource.
Issue 2: Handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Issue 2-1: Handling of unaligned boundaries between SBFD subband(s) and RBG 
For PDSCH FDRA type 0 and PUSCH FDRA type 0 in case of unaligned boundaries between RBG and SBFD subbands, it was agreed at the SI phase that for SBFD-aware UEs, the part of the DL RBG inside the SBFD DL subband can be used and the part of the SBFD UL RBG inside the UL subband can be used for better resource utilization. 
Proposal 10: For PDSCH FDRA type 0 and PUSCH FDRA type 0, the part of the DL RBG inside the SBFD DL subband and the part of the UL RBG inside the SBFD UL subband can be used respectively.
· Issue 2-2: Handling of unaligned boundaries between SBFD subband(s) and PRG
For SBFD-aware UEs, for PDSCH, the issue of PRG(s) with size of 2 and 4 that overlaps with SBFD DL subband boundary have been studied in SI stage. If the part of DL PRG inside the SBFD DL subband can be used, better scheduling flexibility and resource utilization can be achieved, however degraded channel estimation quality in the partial PRG is expected compared to a PRG due to limited RBs in the partial PRG. And it is noted that UE complexity could increase. In our view, considering the improved scheduling flexibility and resource usage, the increased UE complexity is acceptable. 
Proposal 11: For PDSCH, the part of DL PRG inside the SBFD DL subband can be used if PRG(s) with size of 2 and 4 that overlaps with subband boundary.
· Issue 2-3: Handling of unaligned boundaries between SBFD subband(s) and CSI-RS resource
In current specification, the number of RBs of a CSI-RS resource is integer multiples of 4. The smallest configurable number is the minimum of 24 and the width of the associated BWP. If the configured value is larger than the width of the corresponding BWP, the UE shall assume that the actual CSI-RS bandwidth is equal to the width of the BWP. For a CSI-RS resource in SBFD symbols, the RBs of the CSI-RS resource may be outside SBFD DL subband(s). Reusing the legacy rules of determining actual bandwidth CSI-RS, only DL RBs of the CSI-RS resource within SBFD DL subband(s) are valid.
Proposal 12: For a CSI-RS resource which overlaps with SBFD subband boundaries, only CSI-RS resources within DL subband(s) are valid for an SBFD-aware UE.
· Issue 2-4: Handling of unaligned boundaries between SBFD subband(s) and CSI reporting subband
Similar to RBG, PRG, CSI-RS, the CSI reporting subbands should only contain DL RBs in the SBFD DL subband(s), as shown in Figure 2. And in SI stage, it was already agreed that for a CSI reporting subband which overlaps with SBFD subband boundaries, CSI report is derived based on CSI-RS resources excluding CSI-RS resource outside SBFD DL subband(s).
[image: ]
Fig. 2 CSI-RS report enhancement.
Proposal 13: For a CSI reporting subband which overlaps with SBFD subband boundaries, CSI report is derived based on CSI-RS resources excluding CSI-RS resource outside SBFD DL subband(s).

2.2.2 Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots
In this section, we discuss the following related objectives in the WID [1].
	· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots


Issue 1: Resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
The following options have been studied in SI stage and captured in TR 38.858 [2].
	For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), if the transmissions/receptions can be in SBFD symbols and non-SBFD symbols with different available resources, at least the following frequency resource allocation options for PDSCH, CSI-RS, PUSCH, PUCCH, SRS for SBFD-aware UE are studied.
· Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 
· Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
· Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 
· Option 1-3: single FDRA configuration/indication and RB offset(s)
· Option 2: Perform rate matching or puncturing on the RBs outside DL/UL subbands for DL/UL channels/signals. 
· Option 3: A DL/UL channel/signal overlapping with RBs outside DL/UL subbands in a SBFD slot is dropped or postponed.
Note: Different options can be studied for different signals/channels.


For different channels/reference signals, the design may be different. In the following, we discuss solutions for each channel or reference signal.
· Issue 1-1: FDRA for PDSCH and PUSCH
Considering that the design mechanisms of PDSCH and PUSCH are similar, we discuss the solutions for the two channels together. 
For option 1, firstly, it implies FDRAs for SBFD slots and non-SBFD slots will both be confined within the available frequency resources. And Option 1-1/1-2/1-3 achieve this via different solutions. 
· Option 1-1 has the best flexibility and the gNB has the freedom to allocate different frequency domain resources for PDSCH/PUSCH in SBFD slots and non-SBFD slots. However, it requires more configuration and indication signaling overhead. 
· Option 1-2 has less flexibility than Option 1-1. It relies on different mapping rules between FDRAs of PDSCH/PUSCH transmissions in SBFD slots and on-SBFD slots. And it may not incur additional signaling overhead. For example, reinterpretation of FDRA can be considered. 
· Option 1-3 is similar to Option 1-2. It also implies that the bandwidth of PDSCH/PUSCH transmissions on both SBFD slots and non-SBFD slots shall not exceed the bandwidth of SBFD DL subband/UL subband. Then it addresses the issue by applying RB offset(s) for PDSCH/PUSCH transmissions on SBFD slots.
For Option 2, if a large amount of RBs outside DL/UL subband are not available for PDSCH/PUSCH transmission, there will be some performance loss.
For Option 3, it has the least flexibility in all the options. According to TR 38.858, this option may or may not reduce the performance gain achieved by SBFD. Therefore, it can be considered when there is a large amount of RBs outside DL/UL subband unavailable for PDSCH/PUSCH transmission. For example, the gNB can indicate whether the transmissions/receptions are restricted in SBFD slots or non-SBFD slots.
Based on above analysis, we think option 1-1/1-2/1-3 can be considered with higher priority. Option 3 can also be considered depending on gNB configuration.
Proposal 14: For the FDRA for PDSCH/PUSCH transmissions across SBFD symbols and non-SBFD in different slots, option 1-1/1-2/1-3 are considered with higher priority and option 3 can also be considered depending on gNB configuration.
· Issue 1-2: FDRA for PUCCH
In current specification, gNB can configure multiple PUCCH resources and several PUCCH resource sets to a UE. A UE can be configured with at most four UE dedicated PUCCH resource sets. Each PUCCH resource set includes several PUCCH resources. If the UE transmits UCI information bits which include HARQ-ACK information bits, the UE firstly selects one PUCCH resource set according to the payload sizes of the UCI information bits and determine one PUCCH resource from the selected PUCCH resource set. If the UE transmits UCI information bits which does not include HARQ-ACK information bits, such CSI report or SR, the UE determine a PUCCH resource configured in the CSI report configuration or SR configuration. 
Typically, the bandwidth of a PUCCH transmission is limited, it will not exceed the bandwidth of SBFD UL subband. The problem is mainly caused by the frequency locations and inter-slot frequency hopping. From this perspective, Option 1 seems also suitable for PUCCH. However, considering that there is also performance issue for PUCCH caused by gNB-to-gNB CLI in SBFD slots, to address these issues together, separate PUCCH resources sets with separate PUCCH resources on SBFD slots and non-SBFD slots can be considered. Separate PUCCH resources on SBFD slots and non-SBFD slots can configured with different time/frequency resource configurations and other parameters.
Proposal 15: Support separate PUCCH resource sets configurations in SBFD symbols and non-SBFD symbols in different slots.
· Issue 1-3: FDRA for CSI-RS
For CSI-RS transmissions across SBFD symbols and non-SBFD symbols in different slots, it mainly occur to periodic/semi-persistent CSI-RS. To some extent, it also relates to CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots, which is further discussed in Issue 2. 
As studied in SI, on one hand, the gNB Tx antenna configuration in SBFD slots and non-SBFD slots may be different, the number of CSI-RS ports in SBFD slots and non-SBFD slots may be different. On the other hand, the interference suffered by DL receptions in SBFD slots and non-SBFD slots may also different. To facilitate gNB scheduling, there is a need of separate CSI reports in SBFD slots and non-SBFD slots. Considering the above, it is better to support separate CSI-RS resources in SBFD slots and non-SBFD slots. That means a CSI-RS will be restricted to SBFD slots only or non-SBFD slots only. Naturally separate FDRAs can be configured for separate CSI-RS resources in SBFD slots and non-SBFD slots.
Considering the gNB Tx antenna configuration and CSI report issues are mainly up to gNB implementation, these factors may not always exist for a gNB. From the perspective of gNB implementation flexibility, it is also possible to consider configure a CSI-RS resource with transmission instances across SBFD symbols and non-SBFD symbols in different slots. For this solution, some enhancements are needed. For example, separate FDRA configurations in SBFD slots and non-SBFD slots for a CSI-RS resource can be considered. Comparing with former solution, this solution has a larger specification impact.
Proposal 16: Support separate CSI-RS resources in SBFD slots and non-SBFD slots to address FDRA issue of CSI-RS transmissions across SBFD symbols and non-SBFD symbols in different slots.

· Issue 1-4: FDRA for SRS
Similar to PUSCH, PDSCH and periodic/semi-persistent PUCCH as discussed above, it is difficult to ensure a SRS resource fall in the available RBs in both SBFD slots and non-SBFD slots, especially when frequency hopping is enabled. So it is better to support separate SRS resources associated with SBFD slots and non-SBFD slots, respectively.
In current specification, a UE can be configured with several SRS resource sets. One SRS resource set contains one or more SRS resources, and is associated with a certain usage, such as antenna switching, codebook based PUSCH transmission, non-codebook based PUSCH transmission, beam management, etc. For a given usage, one or more SRS resource sets can be configured depending on the detailed usage. In our view, for a certain usage, separate SRS resources on SBFD slots and non-SBFD slots can be configured. 
In Rel-17, to enable m-TRP based PUSCH repetition, two SRS resource sets corresponding to two TRPs can be configured, each SRS resource set is associated with one SRI/TRI/TPMI field. For SBFD, we can reuse the separate SRS resource sets configured for m-TRP based PUSCH repetition with some necessary modifications. For example, for two SRS resource sets configured with a certain usage, the SRS resources included in one SRS resource set should be restricted within a UL BWP on non-SBFD symbols, the SRS resources included in the other SRS resource set should be restricted within SBFD UL subband on SBFD symbols. And the two SRS resource sets are associated with corresponding PUSCH transmission on same type symbol respectively.
Proposal 17: Support separate SRS resources associated with SBFD slots and non-SBFD slots respectively 
· Support separate SRS resource sets for SBFD slots only and non-SBFD slots only.
· Support the association between separate SRS resource sets and corresponding PUSCH transmission.

Issue 2: CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
For SBFD-aware UEs, the following options have been studied for CSI report associated with periodic/semi-persistent CSI-RS, in case the periodicity is such that CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots (each CSI-RS resource within a slot has either all SBFD or all 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.
Note that 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.


Among all options, option 1-2 and 2-1 require some specification changes. Option 1-1 can be supported according to existing specification by configuring appropriate CSI-RS periodicities to ensure that the CSI-RS associated with each CSI-ReportConfig is confined to either SBFD symbols or non-SBFD symbols only. Option 2-2 can also be supported according to existing specification by configuring measurement restriction so that UE would not average the CSI measurements across SBFD and non-SBFD symbols. In our view, both option 1-1 and option 2-2 can be supported, which is up to gNB implementation.
Proposal 18: For CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots, support option 1-1 and option 2-2.

2.2.3 Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols
In this section, we mainly discuss the following objectives in the WID [1].
	· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation


· Configurations for SRS
As discussed in the issue of FDRA for SRS in section 2.2.2, separate SRS resource sets based separate SRS resources associated with SBFD slots and non-SBFD slots, respectively, can be considered, to enable two SRS transmission on SBFD slots only and non-SBFD slots only, respectively.
Considering the gNB Rx antenna configurations in SBFD slots and non-SBFD slots may be different, separate UL power control parameters can also be considered for SRS transmission on SBFD slots and non-SBFD slots. In current specification, power control parameters are configured per SRS resource set. Thus, if separate SRS resource sets for SBFD slots and non-SBFD slots are supported, separate UL power control parameters for SRS transmission on SBFD slots and non-SBFD slots can be supported naturally.
Observation 1: If SRS resource sets associated with SBFD slots and non-SBFD slots, respectively, are supported, separate frequency hopping parameters/UL power control parameters for SRS transmission on SBFD slots and non-SBFD slots can be supported naturally.

· Configurations for PUCCH
As discussed in the issue of FDRA for PUCCH in section 2.2.2, separate PUCCH resource sets based separate PUCCH resources associated with SBFD slots and non-SBFD slots, respectively, can be considered. 
For frequency hopping parameters, if separate PUCCH resources associated with SBFD slots and non-SBFD slots, respectively are configured, then separate frequency hopping parameters can be configured naturally.
For power control parameters, considering the gNB Rx antenna configurations in SBFD slots and non-SBFD slots may be different, separate UL power control parameters can also be considered for PUCCH transmissions on SBFD slots and non-SBFD slots. If separate PUCCH resources associated with SBFD slots and non-SBFD slots, respectively, are configured, then separate power control parameters can be activated for PUCCH transmissions corresponding to separate PUCCH resources associated with SBFD slots and non-SBFD slots, respectively. 
For beam/spatial relation, the issue and solution are similar with power control. Once separate PUCCH resources associated with SBFD slots and non-SBFD slots, respectively, are configured, then separate beam/spatial relation can be activated for PUCCH transmissions corresponding to separate PUCCH resources associated with SBFD slots and non-SBFD slots, respectively.
Observation 2: If separate PUCCH resource associated with SBFD slots and non-SBFD slots, are configured, separate frequency hopping parameters, power control parameters, and beam/spatial relations for PUCCH transmissions on SBFD slots and non-SBFD slots can be supported naturally.
Compared with non-SBFD symbols, the gNB may suffer more severe interferences in SBFD symbols, including inter-site gNB-gNB co-channel inter-subband CLI, co-site inter-sector gNB-gNB co-channel inter-subband CLI, and gNB self-interferences. So the UCI multiplexed on PUSCH in SBFD symbols may be less reliable than the UCI multiplexed on PUSCH in non-SBFD symbols. So potential enhancement on UCI multiplexing in SBFD slots is beneficial, e.g., separate UCI multiplexing parameters for SBFD slots and non-SBFD slots.
Proposal 19: Support enhancements for UCI multiplexing on PUSCH in SBFD symbols.

· Configurations for PUSCH
Frequency hopping enhancement
In current specification, PUSCH frequency hopping is within the UL BWP. However, the UL frequency resources in SBFD symbols may not be same as the UL BWP. If we reuse the legacy PUSCH frequency hopping scheme, the frequency hopping in SBFD symbols may exceed the range of UL subband, as shown in Fig. 5. For SBFD operation, one need to ensure the PUSCH frequency hopping is always within the UL subband in SBFD symbol. 
[image: ]
Fig. x PUSCH frequency hopping.
One straightforward way is to configure separate frequency hopping offsets for SBFD symbols and non-SBFD symbols. If frequency hopping occurs in SBFD symbols, the frequency offset for SBFD symbols is used; otherwise, the frequency offset for non-SBFD symbols is used. It is equivalent to expand frequency hopping offsets configured by RRC based on symbol type (SBFD symbol or non-SBFD symbol). It has less spec impacts and provides more flexibility.
In addition, the PUSCH frequency hopping pattern/formula should also be updated to ensure the PUSCH frequency hopping is always within the UL subband in SBFD symbols. Taking inter-slot frequency hopping as an example, the legacy frequency pattern/formula is given as follows, where  should be updated by the size of UL subband if frequency hopping occurs in SBFD symbols.

Proposal 20: Support the following for PUSCH frequency hopping for SBFD operation.
· Separate frequency hopping offsets for SBFD symbols and non-SBFD symbols
· Update PUSCH frequency hopping pattern/formula to ensure the PUSCH hopping is always within the UL subband in SBFD symbols.

Power control and spatial relation enhancements 
As discussed for SRS and PUCCH, considering the gNB Rx antenna configurations in SBFD slots and non-SBFD slots may be different, separate UL power control parameters can also be considered for PUSCH transmission on SBFD slots and non-SBFD slots. 
For PUSCH transmissions in SBFD slots and non-SBFD slots, which are scheduled by different UL grants, it can be supported according to existing specification. No enhancements are needed.
For PUSCH transmissions across SBFD slots and non-SBFD slots, which are scheduled by one UL grant, e.g., PUSCH repetition, TBoMS, some enhancements are needed. In Rel-17, m-TRP based PUSCH repetition was introduced. And separate beam indication and power control can be supported for PUSCH repetition transmissions to different TRP. For separate beam indication, two SRS resource sets can be configured, each SRS resource set is associated with one SRI/TRI/TPMI field. So gNB can indicate separate beam for PUSCH transmissions on two TRPs. For separate power control, separate TPC commands can be indicated by two TPC fields, separate open-loop PC parameters can be configured for two TRPs and indicated by two SRS fields separately. 
To minimize the specification impact, Rel-17 m-MTP based PUSCH repetition mechanism can be reused for PUSCH transmissions across SBFD symbols and non-SBFD in different slots with some necessary modification. For example, the TDMed repetition pattern for m-MTP based PUSCH repetition is cyclic mapping or sequential mapping, it may not be applicable for SBFD-based PUSCH repetition.
Proposal 21: Support separate UL power control parameters and/or beam/spatial relation for PUSCH transmission across SBFD slots and non-SBFD slots by reusing Rel-17 m-MTP based PUSCH repetition mechanism with some necessary modifications.

2.2.4 Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol
In this section, we mainly discuss the collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol. The following related agreements were made in RAN1#116.
	Agreement
For SBFD-aware UE transmission and reception in an SBFD symbol, consider the following options to determine link direction, i.e. whether to transmit or to receive in the SBFD symbol. 
· Option 1: UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).
· Option 2: link direction is indicated by gNB explicitly.
Other options are not precluded. 
Agreement:
For SBFD-aware UEs, collisions between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol may be addressed or alleviated with proper scheduling. The following cases of potential collisions, [if link direction indication is not supported or provided], can be further studied to see if any change to the current specs is necessary:
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 6: Dynamic or semi-static DL vs. valid RO
Note: In addition to collision between UL transmission and DL reception in the same SBFD symbol(s), collision between UL transmission and DL reception in different symbol(s) due to lack of sufficient transition time between Tx/Rx at UE side is also included.


Firstly, the collision handling between DL reception and UL transmission due to UE half-duplex capability have been specified for several cases, e.g., flexible symbols in Rel-15, HD TDD CA in Rel-16 and HD-FDD RedCap UEs in Rel-17. The general solution is to define collision handling rules, so UE can determine link direction based on configured/scheduled transmissions/receptions and collision handling rules. It can solve the collision efficiently and provide enough flexibility for network scheduling. From this point of view, we think Option 1 is enough. For Option 2, if the link direction is indicated by gNB via high layer signaling semi-statically, it is not as flexible as Option 1. If the link direction is indicated by gNB via L1/L2 signaling dynamically, such as DCI, MAC CE, etc., it is also very flexible, but the benefits compared with Option 1 is not clear and may cause additional signaling overhead. One may argue the legacy signaling can be reused to indicate link direction, such as SFI in DCI format 2_0. However, it can only override flexible symbols and cannot override DL symbols or UL symbols in current specification. So it can only resolve the collision on flexible symbols configured with SBFD operation, but cannot resolve the collision on DL symbols configured with SBFD operation. While in our view, a unified solution has better be supported for both DL symbols and flexible symbols configured with SBFD operation to minimize the specification impact. So we have the following proposal.
Proposal 22: For SBFD-aware UE transmission and reception in an SBFD symbol, Option 1 is supported.
· Option 1: UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).

For the identified collision cases, to minimize the specification impact, the collision handling rules in current specification can be reused as much as possible, except for some SBFD specific cases, such as the collision between SSB and UL transmissions. In RAN1#113, it was agreed that an UL subband can be configured in an SSB symbol. On one hand, UL transmissions on SSB symbols will affect SSB reception for RRC_CONNECTED UE and RRC_IDLE UEs. On the other hand, if UL transmissions on SSB symbols are not allowed, UL latency or coverage gain achieved by SBFD operation will be reduced greatly. Because SSB transmissions occupy considerable portion of DL transmission occasions. To solve this issue, one potential way is to define a set of protected SSBs and/or non-protected SSB, where UL transmission is allowed on non-protected SSBs but prohibited on protected SSBs. This can reduce the probability that the UL transmission affects the SSB measurement. On the other hand, it provides a tradeoff between UL performances and impact to SSB measurement. 
The collision handling between DL reception and UL transmission in SBFD symbols is summarized in Table 1. Additionally, for collisions between UL transmission and DL reception across different symbols due to inadequate transition time between Tx/Rx at the UE side, it's imperative to study the duration of this transition time before discussing handling solutions.
[bookmark: _Ref163117379]Table 1 Collision handling between DL reception and UL transmission in SBFD symbols
	Case
	DL
	UL
	Whether to reuse current specification

	1
	Dynamic scheduled DL reception (e.g., dynamic PDSCH or CSI-RS)
	Semi-statically configured UL transmission (e.g. configured SRS, PUCCH, or CG-PUSCH) 
	Yes. Prioritize dynamic DL reception subjected to cancellation timeline (partial cancellation can be supported)

	2
	Semi-statically configured DL reception (e.g., PDCCH, SPS PDSCH) 
	Dynamic scheduled UL transmission (e.g. dynamic PUSCH, PUCCH)
	Yes. Prioritize dynamic scheduled UL transmission 

	3
	Semi-statically configured DL reception
	Semi-statically configured UL transmission
	Yes. Error case

	4
	Dynamic scheduled DL reception 
	Dynamic scheduled UL transmission 
	Yes. Error case

	5
	SSB
	Dynamic scheduled or configured UL transmission
	No. Current specification: Prioritize SSB reception and cancel UL transmission.

	6
	Dynamic or semi-static DL reception
	Valid RO (PRACH or Msg A PUSCH triggered by higher layers)
	Yes. leave to UE implementation



Proposal 23: For SBFD aware UEs, reuse the collision handling rules introduced for HD-FDD RedCap UE, except for the collision between SSB and UL transmissions.
· Define protected SSB and non-protected SSB, where UL transmission is allowed on non-protected SSB but prohibited on protected SSB to reduce the probability that the UL transmission affects the SSB measurement.

3. Conclusions
In this contribution, we provide our views on evaluation on NR duplex evolution with following observations and proposals:
Observation 1: If SRS resource sets associated with SBFD slots and non-SBFD slots, respectively, are supported, separate frequency hopping parameters/UL power control parameters for SRS transmission on SBFD slots and non-SBFD slots can be supported naturally.
[bookmark: _GoBack]Observation 2: If separate PUCCH resource associated with SBFD slots and non-SBFD slots, are configured, separate frequency hopping parameters, power control parameters, and beam/spatial relations for PUCCH transmissions on SBFD slots and non-SBFD slots can be supported naturally.
Proposal 1: Confirm the working assumption “For RRC connected mode UEs, at least cell-specific configuration on time and frequency (working assumption) location of SBFD subbands is supported within a TDD carrier.”
· UE-specific configuration on time and/or frequency locations of SBFD subbands is not supported
Proposal 2: The indication of SBFD subband time and frequency locations is at least configured semi-statically in SIB.
Proposal 3: When only one TDD-UL-DL pattern is configured, the SBFD subband time locations is configured within a TDD UL/DL pattern period.
· When two TDD-UL-DL patterns are configured, either the SBFD symbols are configured for only one of the patterns or for both of the patterns, the period of SBFD subband time location can be regarded as [image: ] msec includes first [image: ] slots and second [image: ] slots, where P is the period of the first TDD-UL-DL pattern and [image: ] is the period of the second TDD-UL-DL pattern.
Proposal 4: For the indication of SBFD subband time location, a combination of slot-level and symbol-level configurations can be considered.
· The slot level configuration is to configure the SBFD slots.
· The symbol level configuration is to configure the SBFD symbols in the first SBFD slot and/or last SBFD slot.
Proposal 5: For indication of SBFD subband frequency-domain location, the following are supported:
· Both DL subband(s) and UL subband are explicitly configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon;
· Guardband(s) if any, are implicitly derived as the RBs which are not within UL subband or DL subband(s);
· The subband frequency-domain location indication are configured per SCS in a serving cell;
· The reference starting RB can be CRB 0 or the starting RB of the associated carrier.
Proposal 6: 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 7: For a DL or flexible symbol which has been configured with SBFD subband configuration, TDD-UL-DL-ConfigDedicated and SFI cannot override it into an UL symbol or a DL symbol or a flexible symbol.
· TDD-UL-DL-ConfigDedicated and SFI can only override flexible symbols which have NOT been configured with SBFD subband configuration.
Proposal 8: For PDSCH, if PRG is determined as wideband, the following is supported
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated.
Proposal 9: Support the following for CSI-RS resource allocation for SBFD operation.
· Option 2-1: non-consecutive CSI-RS frequency-domain resources allocation across two DL subbands by one CSI-RS resource.
Proposal 10: For PDSCH FDRA type 0 and PUSCH FDRA type 0, the part of the DL RBG inside the SBFD DL subband and the part of the UL RBG inside the SBFD UL subband can be used respectively.
Proposal 11: For PDSCH, the part of DL PRG inside the SBFD DL subband can be used if PRG(s) with size of 2 and 4 that overlaps with subband boundary.
Proposal 12: For a CSI-RS resource which overlaps with SBFD subband boundaries, only CSI-RS resources within DL subband(s) are valid for an SBFD-aware UE.
Proposal 13: For a CSI reporting subband which overlaps with SBFD subband boundaries, CSI report is derived based on CSI-RS resources excluding CSI-RS resource outside SBFD DL subband(s).
Proposal 14: For the FDRA for PDSCH/PUSCH transmissions across SBFD symbols and non-SBFD in different slots, option 1-1/1-2/1-3 are considered with higher priority and option 3 can also be considered depending on gNB configuration.
Proposal 15: Support separate PUCCH resource sets configurations in SBFD symbols and non-SBFD symbols in different slots.
Proposal 16: Support separate CSI-RS resources in SBFD slots and non-SBFD slots to address FDRA issue of CSI-RS transmissions across SBFD symbols and non-SBFD symbols in different slots.
Proposal 17: Support separate SRS resources associated with SBFD slots and non-SBFD slots respectively 
· Support separate SRS resource sets for SBFD slots only and non-SBFD slots only.
· Support the association between separate SRS resource sets and corresponding PUSCH transmission.
Proposal 18: For CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots, support option 1-1 and option 2-2.
Proposal 19: Support enhancements for UCI multiplexing on PUSCH in SBFD symbols.
Proposal 20: Support the following for PUSCH frequency hopping for SBFD operation.
· Separate frequency hopping offsets for SBFD symbols and non-SBFD symbols
· Update PUSCH frequency hopping pattern/formula to ensure the PUSCH hopping is always within the UL subband in SBFD symbols.
Proposal 21: Support separate UL power control parameters and/or beam/spatial relation for PUSCH transmission across SBFD slots and non-SBFD slots by reusing Rel-17 m-MTP based PUSCH repetition mechanism with some necessary modifications.
Proposal 22: For SBFD-aware UE transmission and reception in an SBFD symbol, Option 1 is supported.
· Option 1: UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).
Proposal 23: For SBFD aware UEs, reuse the collision handling rules introduced for HD-FDD RedCap UE, except for the collision between SSB and UL transmissions.
· Define protected SSB and non-protected SSB, where UL transmission is allowed on non-protected SSB but prohibited on protected SSB to reduce the probability that the UL transmission affects the SSB measurement.
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