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1. Introduction
At RAN#102 meeting, WID on NR duplex operation enhancements was approved with the objective as follows [1]:
	The objectives are as follows:
· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded
· Specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode [RAN1, RAN2]
· Study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [RAN1, RAN2]
· RAN#104 to check whether to proceed normative work
· [bookmark: _Hlk153407590]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· 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
· 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
· 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
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol
· Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 
· Specify BS RF requirements for SBFD operation at gNB [RAN4]
· Specify applicable RRM core requirements for co-channel CLI handling mechanisms [RAN4]
· Specify other RRM core requirements for SBFD operation, if identified [RAN4]



In this contribution, enhancements for SBFD TX/RX/measurement procedures are discussed.
2. Discussions
2.1 Semi-static indication of time frequency domain locations of SBFD subbands
2.1.1 whether SBFD and non-SBFD symbols can be configured within one slot
Whether or not a slot can consist of both SBFD and non-SBFD symbols was studied in RAN1 while there was no explicit conclusion for this issue in the study item.

	TR38.858, section 6.1.1
<***************************************omitted**************************************>
Whether or not a slot can consist of both SBFD and non-SBFD symbols is studied in RAN1 including benefits, use cases, scheduling flexibility, implementation complexity and compatibility with legacy TDD DL/UL configuration. One motivation for allowing that a slot can consist of both SBFD and non-SBFD symbols is for compatibility with symbol-level TDD UL/DL configuration. Frequent transition between SBFD and non-SBFD symbols may increase the implementation complexity and interruptions of transmissions/receptions during transition. At least for semi-static SBFD, in order to avoid frequent transition between SBFD and non-SBFD symbols, potential limitation on the maximum number of transition points between SBFD and non-SBFD symbols can be considered from SBFD subband configuration perspective. Maximum of two transition points including one transition point from non-SBFD symbols to SBFD symbols and one transition point from SBFD symbols to non-SBFD symbols within a TDD UL/DL pattern period can be considered as a starting point where the transition point can be aligned with slot boundary or within a slot. A guard period between SBFD and non-SBFD symbols may or may not be required at gNB and/or UE side depending on gNB/UE implementation and/or SBFD operation.



On the other hand, as captured in the study item TR above, the transition point can be located within a slot. It implies that a slot can consist of SBFD symbols and non-SBFD symbols. As SBFD operation can only be configured in DL or flexible symbols, it is better to support indication of SBFD subband time location with per symbol level granularity, to keep compatibility with symbol-level TDD UL/DL configuration.

Proposal 1: Support indication of SBFD subband time locations with per symbol granularity.
· A slot can consist of both SBFD and non-SBFD symbols.


2.1.2 SBFD operation in flexible symbols considering dedicated TDD pattern and SFI
According to the WID objectives, SBFD subbands can be configured in DL and/or flexible symbols indicated by TDD-UL-DL-ConfigCommon. 
For a flexible symbol indicated by TDD-UL-DL-ConfigCommon, it may be indicated as DL or UL or flexible by dedicated TDD configuration (i.e. TDD-UL-DL-Dedicated) and/or SFI indication. Further clarification may be needed for SBFD operation in such symbols.

For dedicated TDD pattern, following three cases can be considered.
· Case 1: a symbol indicated as flexible by TDD-UL-DL-ConfigCommon and indicated as DL by TDD-UL-DL-Dedicated
· [bookmark: _Hlk157928554]Case 2: a symbol indicated as flexible by TDD-UL-DL-ConfigCommon and indicated as UL by TDD-UL-DL-Dedicated
· Case 3: a symbol indicated as flexible by TDD-UL-DL-ConfigCommon and indicated as flexible by TDD-UL-DL-Dedicated
For case 1, the symbol is a semi-static DL symbol from UE perspective. SBFD operation can apply. 
For case 2, the symbol is a semi-static UL symbol from UE perspective. Since SBFD operation in UL symbol is not supported, SBFD subband configuration in such symbol is not supported.
For case 3, the symbol is a semi-static flexible symbol from UE perspective. SBFD operation may apply.

Proposal 2: Not support to configure SBFD subbands in a symbol indicated as flexible by TDD-UL-DL-ConfigCommon and indicated as UL by TDD-UL-DL-Dedicated.

For consideration of SFI indication, it may need to firstly clarify whether to support SBFD operation and dynamic TDD operation in a cell simultaneously. In our understanding, to enable SBFD operation and dynamic TDD operation in a cell is a bit duplicated. The benefit of dynamic TDD operation is higher flexibility on DL and UL resource utilization for timely DL and UL traffic characteristics. It may also be realized by SBFD operation, e.g. whether to use DL or UL subband in a SBFD symbol for a certain UE depends on the DL and UL traffic characteristics. If SBFD operation and dynamic TDD operation are enabled in a cell simultaneously, it may lead to more complicated UE behavior (e.g. UE behavior in a SBFD flexible symbol considering the SFI indication) and more complicated CLI (e.g. intra-subband CLI by dynamic TDD operation). Therefore, we prefer to not support SBFD operation and dynamic TDD operation in a cell simultaneously.

Proposal 3: Not support to enable SBFD operation and dynamic TDD operation in a cell simultaneously.


2.1.3 signaling of SBFD subband time and frequency domain locations
According to the WID objectives, only semi-static indication of SBFD subband time and frequency locations is supported in Rel-19. Whether to indicate the SBFD subband time and frequency domain locations via dedicated UE configuration or in SIB needs to be further discussed. Two aspects can be considered for this issue.

One aspect is whether different indication of SBFD subband time and frequency locations for different SBFD-aware UEs is needed. Our understanding on the agreed SBFD operation option 4 is that all time and frequency locations of SBFD subbands are non-transparent to UEs. In other words, the case that SBFD operation in some symbols are non-transparent to UE while SBFD operation in some other symbols are transparent to UE is not within the scope. Therefore, the indication of SBFD subband time and frequency locations should be same for all SBFD-aware UEs in a cell. Both using cell-common signalling and using UE dedicated signalling are feasible.

	TR38.858, section 6.1.1
<***************************************omitted**************************************>
The time and frequency location of subbands within a TDD carrier are not fixed in the specification. Regarding whether to inform the UE of the time and/or frequency location of subbands that gNB would use for SBFD operation, the following options are studied with Option 4 prioritized at least for RRC_CONNECTED state. 
-	SBFD operation Option 1:
-	Time and frequency locations of subbands for SBFD operation are not known to UEs. 
-	UE behaviors follow existing specifications without introducing new UE behaviors for SBFD operation at gNB side.
-	SBFD operation Option 2:
-	Time and frequency locations of subbands for SBFD operation are not known to UEs. 
-	UE behaviors for non-SBFD aware UEs follow existing specifications.
-	From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs
-	SBFD operation Option 3:
-	Only time location of subbands for SBFD operation is known to SBFD aware UEs. 
-	UE behaviors for non-SBFD aware UEs follow existing specifications.
-	From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs based on the time location of subbands for SBFD operation 
-	SBFD operation Option 4:
-	Both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs. 
-	UE behaviors for non-SBFD aware UEs follow existing specifications.
-	From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs based on the time and frequency locations of subbands for SBFD operation.
Among the four options, SBFD operation Option 4 is agreed as the baseline for SBFD operation at least for RRC_CONNECTED state.



The other aspect is whether and how random access in SBFD symbols for UEs in RRC idle/in-active mode can be supported, which is discussed in agenda item 9.3.2 [3]. If it is decided that certain channel during random access by UEs in RRC idle/in-active mode is supported to be in SBFD symbols, indication of SBFD subband time and frequency domain locations to UEs in RRC idle/in-active mode is required. For such case, only using cell-common signalling in SIB is applicable. If random access channel by UEs in RRC idle/in-active mode is not supported to be in SBFD symbols, both using cell-common signalling and using UE dedicated signalling are feasible.
Based on above analysis, two possible options can be considered at this stage. One of the options is to decide to support (at least) cell-common indication of SBFD subband time and frequency domain locations in SIB, as it would be applicable regardless of what decision is made in agenda item 9.3.2. Another option is to postpone the discussion till the decision on support of random access channel in SBFD symbols for UEs in RRC idle/inactive mode in agenda item 9.3.2.  

Proposal 4: On the signaling of SBFD subband time and frequency domain locations, two options can be considered:
· Option 1: Support (at least) the indication of SBFD subband time and frequency domain locations in SIB.
· Option 2: Postpone the discussion till the decision in agenda item 9.3.2 on whether and how to support random access channels in SBFD symbols for UEs in RRC idle/in-active mode.


2.2 Enhancement on resource allocation in frequency domain in SBFD symbols
Resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands

For frequency domain resource allocation for CSI-RS across two DL subbands, possible options were studied during the study item and are captured in the TR as below.  

	TR38.858, section 6.1.2
<***************************************omitted**************************************>
Frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs are studied 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) 
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 and/or processing non-contiguous CSI-RS.



For option 1, two CSI-RS resources with each within one DL subband are configured and linked. Considering the limitation on the maximum number of configured CSI-RS resources, it is not efficient to consume two CSI-RS indices to obtain a CSI-RS across two DL subbands for the same beam, especially when large number of narrow beams may be needed in high frequency cases. Moreover, the minimum configured bandwidth in legacy for CSI-RS is 24 RBs, which may be larger than the size of one DL subband. Therefore, if option 1 is applied, enhancement for narrow band RB allocation for CSI-RS (e.g. smaller value than 24 RBs) may be needed. Based on the above discussion, Option 1 is not preferred.

For the two sub-options of option 2, option 2-1 requires RRC parameter change in CSI-RS resource configuration while option 2-2 doesn’t need the change. Moreover, option 2-2 is similar to the agreed handling of unaligned boundaries between SBFD subband(s) and CSI-RS resource. A unified behavior is simpler from UE implementation perspective. Therefore, option 2-2 is preferred.

Proposal 5: Support one CSI-RS resource across two DL subbands. Option 2-2 is preferred.
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s).

For PDSCH frequency domain resource allocation, RA type 0 with non-contiguous resource allocation and RA type 1 with contiguous resource allocation are supported in legacy. One method to allocate non-contiguous resources across two DL subbands is to schedule PDSCH with RA type 0. If PDSCH resource allocation across two DL subbands is also desired by RA type 1, the simplest solution is to exclude the RBs outside DL subband.

Proposal 6: To support PDSCH with RA type 1 with frequency resource across two DL subbands, the RBs outside DL subband are excluded.

Unaligned boundaries between SBFD subband(s) and PRG

For handling of unaligned boundaries between SBFD subband and RBG / CSI reporting subband / CSI-RS resource, it was studied during the study item and the UE behavior has already been agreed (captured as following). 
The remaining issue is handling of unaligned boundaries between SBFD subband(s) and PRG.

	TR38.858, section 6.1.2
<***************************************omitted**************************************>
For resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands, RAN1 studied whether or not the part of the DL RBG inside/outside the DL subband and the part of the UL RBG inside/outside the UL subband can be used. It is agreed that for SBFD-aware UEs, the part of the DL RBG inside the DL subband can be used and the part of the UL RBG inside the UL subband can be used for better resource utilization. It is agreed that the part of the RBG outside the DL subband cannot be used for DL reception and the part of the RBG outside the UL subband cannot be used for UL transmission at least for semi-static SBFD.
For semi-static SBFD, for a CSI reporting subband which overlaps with SBFD subband boundaries, it is agreed that CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s) for SBFD-aware UE.
For semi-static SBFD, for a CSI-RS resource which overlaps with SBFD subband boundaries, it is agreed that only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE. 
For SBFD-aware Ues, at least the following issues for PDSCH are studied:
· PRG(s) with size of 2 and 4 that overlaps with subband boundary 
· Wideband precoder in case of non-contiguous DL subbands
For a PRG that overlaps with subband boundary, if the part of DL PRG inside the 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. It is noted that UE complexity could increase if this feature is supported. 
If PRG is determined as wideband, the following two options are studied.
· 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 is agreed that Option 1 can achieve better scheduling flexibility and higher DL data rate. Compared with Option 2, Option 1 requires UE to handle two non-contiguous segments of contiguous RBs that may increase UE complexity for channel estimation.



For the case of PRG(s) with size of 2 and 4 that overlaps with subband boundary, as observed during the study item, if the part of DL PRG inside the DL subband can be used, better scheduling flexibility and resource utilization can be achieved. The possible drawback of degraded channel estimation quality may be dependent on the number of RBs in the partial PRG and channel characteristics. It can be handled by gNB, e.g., gNB can avoid scheduling a PDSCH resource resulting the number of RBs in the partial PRG is too small. 

Proposal 7: For the case of PRG(s) with size of 2 and 4 that overlaps with subband boundary, the part of DL PRG inside the DL subband can be used.

For the case of wideband precoder in case of non-contiguous DL subbands, whether to allow non-contiguous frequency resources across two DL subbands was studied. It was agreed that Option 1 can achieve better scheduling flexibility and higher DL data rate. If the possible increased complexity is acceptable, option 1 would be slightly preferred. If the increased UE complexity is strongly concerned, option 2 is also acceptable to us. It is not preferable to support both options based on UE capability.

Proposal 8: For the case of wideband precoder in case of non-contiguous DL subbands, option 1 is slightly preferred. 
· Option 2 is also acceptable if there is strong concern on the increased UE complexity in option 1. 
It is not preferable to support both options based on UE capability.


2.3 Enhancements on physical channels/signals across SBFD symbols and non-SBFD symbols in different slots
Resource allocation in frequency domain

During the study item, possible solutions were studied for frequency domain resource allocation for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resources in different slots.

	TR38.858, section 6.1.2
<***************************************omitted**************************************>
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.



Among the listed options, rate matching or puncturing in option 2 is applicable to only PDSCH in legacy. Option 1 with different frequency resources in SBFD slots and non-SBFD slots may not be applicable to the case of PUCCH repetitions, since there are requirements (e.g. same code rate, same RE number, etc) to perform soft combining among PUCCH repetitions. On the other hand, option 3 can be commonly applicable to all types of channels/signals, as option 3 is to define new rule on top of the existing resource allocation mechanisms. It is not preferable to exclude option 3 for any channel/signal at this stage, as a unified solution for all types of channels/signals would be desired. 

Observation 1: For frequency domain resource allocation for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resources in different slots, Option 3 is commonly applicable to all types of channels/signals.

Besides option 3, other solutions specific to each type of channels/signals can be further discussed based on characteristics of each channel/signal type. 

For PDSCH/PUSCH, 
· Option 1-3 based on RB offset(s) may be able to achieve different frequency domain resource allocation between SBFD slots and non-SBFD slots, while this option may not be able to achieve frequency domain resource allocation across two DL subbands in SBFD symbols. Moreover, option 1-2 can also achieve different frequency domain resource allocation between SBFD slots and non-SBFD slots. Therefore, Option 1-3 is not preferred.
· If the PDSCH/PUSCH is scheduled/activated by DCI, the FDRA is indicated by DCI fields. In such case, as Option 1-1 to indicate separate FDRA may cause large DCI overhead, Option 1-1 is not preferred.

For PUCCH,
· For PUCCH repetitions, only option 3 would be applicable as analyzed above.
· For P/SP PUCCH reporting, 
· Option 2 based on puncturing would not be applicable to PUCCH.
· There is no need to combine multiple PUCCHs. Option 1 can work. The simplest solution is option 1-1 with separate FDRA configuration. 

For P/SP CSI-RS/SRS with instances in SBFD and non-SBFD symbols in different slots,
· Option 1-1 to configure separate frequency resource is feasible. RRC overhead is not a big issue.
· Option 1-3 based on RB offset(s) may not be able to achieve different frequency domain resource allocation for e.g., CSI-RS across two DL subbands in SBFD symbols, SRS with BW larger than the UL subband.
· Option 2 to perform rate matching or puncturing on CSI-RS/SRS is not supported in legacy.

Proposal 9: For TX/RX across SBFD symbols and non-SBFD symbols in different slots, narrow-down candidate FDRA mechanisms from the listed options.
· Option 3 is kept for further down-selection for PDSCH/PUSCH/PUCCH/CSI-RS/SRS.
· Some option(s) can be excluded for each type of channels/signals as below. 
· For PDSCH/PUSCH: Option 1-1 and option 1-3 can be excluded.
· For PUCCH: Option 2 can be excluded.
· For CSI-RS/SRS: Option 1-3 and option 2 can be excluded.

CSI report
During the study item, four options were studied for CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots.  

	TR38.858, section 6.1.2
<***************************************omitted**************************************>
For SBFD-aware UEs, the following options are 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.
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.
For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, it may be beneficial to have separate resources, FH parameters, UL power control parameters and/or beam/spatial relation.
gNB can configure a CORESET and a search space in a way such that the MOs of the search space occur in either SBFD or non-SBFD symbols, or the MOs of the search space occur in both SBFD and non-SBFD symbols but the associated CORESET does not overlap the boundary of a DL subband in SBFD symbols.



Considering that the interference level on SBFD symbol and that on non-SBFD symbol may be different, differentiation of measurement results on SBFD symbols and those on non-SBFD symbols would be beneficial. 
For Option 2-2, UE may report CSI based on CSI-RS instances in SBFD symbols or based on CSI-RS instances in non-SBFD symbols. However, gNB can’t differentiate whether the CSI report instance is based on CSI-RS instance in SBFD symbols or in non-SBFD symbols. Therefore, option 2-2 is not preferred.
For Option 1-1, option 1-2, and option 2, UE can report CSI for SBFD and non-SBFD, and gNB can have the information about whether the CSI report instance is based on CSI-RS instance in SBFD symbols or in non-SBFD symbols. 
In previous discussions, some companies concerned the spec impact of option 2-1 to report multiple CSI reports in one reporting instances. In our understanding, one potential solution is to configure two sub-configurations in CSI-ReportConfig which was specified in Rel-18 NES. One sub-configuration is associated with CSI-RS on SBFD symbols, and the other sub-configuration can be associated with CSI-RS on non-SBFD symbols. UE can report CSI for the two sub-configurations in one CSI report. Therefore, the spec impact of option 2-1 would not be a concern.

Proposal 10: For CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots, Option 2-2 can be excluded.


2.4 Configurations for UL transmissions
Whether or not to have separate resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation for UL transmissions in SBFD symbols and non-SBFD symbols in different slots was studied during the study item.

	TR38.858, section 6.1.2
<***************************************omitted**************************************>
For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, it may be beneficial to have separate resources, FH parameters, UL power control parameters and/or beam/spatial relation.



Separate resource configurations

Separate PUCCH resource configurations for SBFD symbols and non-SBFD symbols were proposed by many companies in previous discussions. 
If common PUCCH resource configuration is used in SBFD symbols and non-SBFD symbols:
· For PUCCH associated with DCI, gNB can indicate a PUCCH resource not overlapping with RB outside UL subband in SBFD symbols by PRI field. A possible drawback may be that the number of candidate available PUCCH resources may be smaller than available candidate PUCCH resources in non-SBFD symbols, e.g., 4 PUCCH resources are configured in a PUCCH resource set, while only 1 PUCCH resource in the resource set which is within UL subband is available in SBFD symbols. 
· For PUCCH not associated with DCI, e.g. SPS HARQ-ACK, it is possible that UE selects a PUCCH resource overlapping with RB outside UL subband in SBFD symbols. The handling rules discussed in section 2.3 may be applicable to this case, e.g., dropping or postponing, but it may be not good for efficiency or latency.

If separate PUCCH resource configuration is used in SBFD symbols and non-SBFD symbols, for example, the configured PUCCH resources for SBFD symbols have no overlapping with RB outside UL subband:
· For PUCCH associated with DCI, the PRI field bits can be used to indicate PUCCH resource from separate candidate available PUCCH resources for SBFD symbols or non-SBFD symbols. More flexibility on PUCCH resource selection/indication may be obtained. 
· For PUCCH not associated with DCI, e.g. SPS HARQ-ACK, UE selects PUCCH resource from separate PUCCH resources for SBFD symbols and non-SBFD symbols. The selected PUCCH resource for SBFD symbols would not overlap with RB outside UL subband. Therefore, dropping or postponing can be avoided.

Observation 2: 
· Common PUCCH resource configuration for SBFD symbols and non-SBFD symbols can work based on gNB implementation and/or with enhanced rules for PUCCH overlapping with RB outside UL subband in SBFD symbols (as in section 2.3). 
· Separate PUCCH resource configurations for SBFD symbols and non-SBFD symbols may have benefits of more flexibility on PUCCH resource selection, and/or avoiding dropping or postponing of PUCCH in SBFD symbols.

Proposal 11: Further study separate PUCCH resource configurations for SBFD symbols and non-SBFD symbols.

Separate frequency hopping parameters

Considering the potential different available UL frequency resources in SBFD symbols and non-SBFD symbols, how to handle frequency hopping in SBFD symbols needs to be studied. 
One potential solution is to disable frequency hopping in SBFD symbols, i.e., determine the frequency resource in SBFD symbols assuming no frequency hopping. However, if the UL subband is relatively wide, it may lose the potential frequency hopping gain. 
Another alternative is to configure separate frequency hopping parameters in SBFD symbols, e.g., separate frequency hopping offset configurations. 

Proposal 12: Further study PUCCH/PUSCH frequency hopping in SBFD symbols.
· Alt-1: Disable frequency hopping in SBFD symbols.
· Alt-2: Support separate frequency hopping parameters in SBFD symbols and non-SBFD symbols.

Separate UL power control

As discussed in companion contribution [4], UL power boosting or DL power reduction may be beneficial to combat inter-gNB CLI, while it may have negative impact on inter-UE CLI or negative impact on DL performance. Similarly, DL power boosting or UL power reduction may be beneficial to combat inter-UE CLI, while it may have negative impact on inter-gNB CLI or negative impact on UL performance.
Therefore, separate power control for UL transmission in SBFD symbols and non-SBFD symbols needs to be carefully studied considering the impact on CLI handling.

Proposal 13: Separate UL power control for UL transmission in SBFD symbols and non-SBFD symbols needs to be carefully studied with considering CLI handling.


2.5 DL/UL collision handling
SBFD operation in SSB symbols

It was agreed that SBFD UL subband can be configured in a SSB symbol. Whether to allow UL transmission in UL subband in SSB symbol needs to be further discussed. 

	TR38.858, section 6.1.1
<***************************************omitted**************************************>
Whether SBFD operation in SSB symbols is supported or not is studied in RAN1. RAN1 studied whether UL subband can be configured in SSB symbol and agreed that an UL subband can be configured in an SSB symbol, where SSB is from serving cell perspective which can be CD-SSB or NCD-SSB. If SBFD-aware UEs are not allowed to transmit in the SSB symbol but is allowed to receive within the DL BWP in the SSB symbol, negative impact on SSB detection and measurement can be avoided but UL performance may be degraded due to fewer UL opportunities. If SBFD-aware UE is allowed to transmit in the SSB symbol, the UE may only transmit UL in an UL subband depending on gNB scheduling, configuration, UE measurement or priority rule. There may be negative impact on SSB detection and measurement if the SBFD-aware UE is requested to transmit in the SSB symbol.



If SBFD-aware UE is allowed to transmit in the SSB symbol, there may be negative impact on SSB detection and measurement if the SBFD-aware UE is requested to transmit in the SSB symbol. Moreover, if UL transmission is allowed in the SSB symbol, the relationship between the SSB frequency resource and UL subband location needs to be further discussed, e.g., the SSB frequency resource should not overlap with RB in UL subband. As the example (a) in Fig. 1, the SSB frequency resource should be within one DL subband. Either flexibility of SSB frequency resource or flexibility of UL subband locations is limited. 
Considering SSB is common for all UEs including SBFD-aware UEs and legacy UEs, it is preferred to not support UL transmission in UL subband in SSB symbol. UE should assume the SSB frequency resource as DL, regardless of whether overlapping with UL subband or not, as the example (b) in Fig. 1.
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Fig 1: SBFD subbands configured in SSB symbol

Proposal 14: If SBFD UL subband is configured in an SSB symbol,
· Not support UL transmission in UL subband in SSB symbols
· No restriction on the SSB frequency resource and UL subband locations. 
· UE assumes the SSB frequency resource as DL regardless of overlapping with UL subband.

DL channel/signal in DL subband and UL channel/signal in UL subband in a SBFD symbol

Since UE operates in half duplex mode, UE can either receive DL channel/signal in DL subband or transmit UL channel/signal in UL subband. If there are DL channel/signal in DL subband and UL channel/signal in UL subband for a UE in the same SBFD symbol, the UE needs to handle the collision.
The simplest solution would be to avoid such case by gNB configurations and scheduling. However, it would be too restricted, especially considering there are higher layer configured channels/signals. 
Another solution is that UE determines between DL reception or UL transmission in the symbol based on explicit indication of SBFD symbol direction. For example, gNB signals an explicit indication that the direction of the SBFD symbol is DL for a UE. In this case, the UE will determine to cancel the UL transmission in the UL subband, and perform DL reception in DL subband of the SBFD symbol. This solution requires additional signalling overhead for indicating SBFD symbol direction. Therefore, it is not preferred. 
Another solution is that UE determines between DL reception or UL transmission in the symbol based on collision handling rules. This solution doesn’t require explicit indication for direction of SBFD symbol. And it is flexible to separately consider different rules for different cases. When defining rules, multiple types of collision cases can be further divided, such as based on whether DL/UL channel/signal transmission/reception is scheduled by DCI or configured by higher layer. Each of combinations between DL channel/signal type and UL channel/signal type may need separate consideration.

Type 1 collision case: The DL and UL channels/signals are scheduled by DCI. 
Basically, this case can be avoided by gNB scheduling.
For the case of DL and/or UL channel/signal with repetitions, if considering possible urgent services with low latency requirement, one possibility is to allow collision between DL/UL repetitions scheduled by DCI. For example, a later DCI can schedule PUSCH within UL subband in SBFD symbols in which there are PDSCH repetitions within DL subband scheduled by an earlier DCI.
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Fig 2: DG DL vs. DG UL

Type 2 collision case: Only DL (or UL) channel/signal is scheduled by DCI, while UL (or DL) channel/signal is configured by higher layer (with or without DCI/MAC CE activation). 
For this case, the DL (or UL) channel scheduled by DCI can be prioritized. For example, if the DL channel/signal in DL subband in the symbol is higher layer configured, while a PUSCH in UL subband in the symbol is scheduled by DCI, UE can determine to transmit the PUSCH in UL subband in the symbol and to cancel DL reception in DL subband in the symbol. 
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Fig 3: DG DL (or UL) vs. CG UL (or DL)

Type 3 collision case: The DL and UL channels/signals are configured by higher layer.
For this case, certain rule can be defined based on DL/UL channel type and/or with or without DCI/MAC CE activation. For example, DL channel/signal is prioritized over UL channel/signal (e.g. SPS PDSCH prioritized over CG PUSCH), certain channel/signal type is prioritized over other channel/signal types (e.g. control channel prioritized over data channel), channel with DCI/MAC CE activation is prioritized over channel/signal without DCI/MAC CE activation (e.g. semi-persistent CSI-RS prioritized over periodic SRS), or channel/signal starting earlier is prioritized.
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Fig 4: CG DL vs. CG UL

Proposal 15: For DL channel/signal in DL subband and UL channel/signal in UL subband in the same SBFD symbol, three types of collision cases can be considered.
· Type 1 collision case: The DL and UL channels/signals are scheduled by DCI.
· This case can be avoided by gNB scheduling.
· FFS whether collision is allowed for DL/UL channel/signal with repetitions.
· Type 2 collision case: Only DL (or UL) channel/signal is scheduled by DCI, while UL (or DL) channel/signal is configured by higher layer.
· The channel/signal scheduled by DCI is prioritized.
· Type 3 collision case: The DL and UL channels/signals are configured by higher layer.
· Study prioritization rule based on channel/signal type, and/or whether with DCI/MAC CE activation, and/or stating time, etc.


2.6 TX/RX across SBFD symbols and non-SBFD symbols in a slot
During Rel-18 study item, whether a physical channel/signal transmission/reception occasion can be mapped to SBFD symbols and non-SBFD symbols within a slot was studied. Two options are listed for further consideration in normative stage.

	TR38.858, section 6.1.2
<***************************************omitted**************************************>
RAN1 studied whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, and whether a UE can transmit/receive in the occasion mapped to SBFD symbols and non-SBFD symbols including:
· Use-case(s) including the locations and number of transition points of the SBFD and non-SBFD symbols in the slot.
· Potential benefits if any
· Phase continuity
· Potential interruption of transmissions/receptions during transition
· Required guard time if any
· Potential impact on performance
· Impact on link adaptation, channel estimation, and other procedures
· UL transmission timing if any
· Implementation complexity
· Applicability for SBFD aware UE and non-SBFD aware UEs
· NOTE: There are more than one scenario where a transmission overlaps SBFD and non-SBFD symbols and some may or may not face the aspects listed above
· NOTE: This study doesn’t mean RAN1 agreement on a slot consisting of SBFD and non-SBFD symbols.
For a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot if any, the following options for UE transmission/reception can be considered in the normative stage.
· Option 1: UE does not transmit or receive the physical channel/signal within the slot.
· Option 2: UE can transmit or receive the physical channel/signal within the slot only under certain conditions.
· The conditions may depend on at least the following: whether or not phase continuity can be maintained across SBFD and non-SBFD symbols, whether or not there are same or different transmission/reception parameters e.g. power control, spatial/QCL, UL timing etc. applied in SBFD and non-SBFD symbols, and whether or not there is a guard period between the SBFD and non-SBFD symbols, etc.
· Other options are not precluded.



Since it is not included in the WID objective, our understanding is that it implies that mapping a physical channel/signal transmission/reception occasion to SBFD symbols and non-SBFD symbols within a slot is not supported. Therefore, option 1 is taken.

Proposal 16: For a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot if any, UE does not transmit or receive the physical channel/signal within the slot.

For PUSCH repetitions with repetition type B, one nominal repetition can be segmented into multiple actual repetitions. It may need to clarify the meaning of “a transmission occasion for PUSCH repetition type B”, i.e., whether it represents an actual PUSCH repetition segmented based on legacy rule, or segmented with considering SBFD and non-SBFD symbol boundary.
If it represents an actual repetition determined based on legacy segmentation rule, e.g., actual repetition after segmentation around slot boundary, or DL/SSB symbol, or invalid symbol, for such case, an actual repetition may be dropped due to overlapping with SBFD and non-SBFD symbols, e.g., an actual repetition overlapping with non-SBFD UL/flexible symbols and SBFD flexible symbols. However, different from PUSCH repetition type A or PUCCH repetitions, postponing or available slot counting is not supported for PUSCH repetition type B. Moreover, the motivation of PUSCH repetition type B is for URLLC services with low latency and high reliability requirements. Dropping of PUSCH repetition is not a good solution.
Another possible solution is to enhance the segmentation rule for PUSCH repetition type B, e.g. segmentation around boundary of SBFD and non-SBFD symbols. In legacy, since a transmission occasion across different slots is not allowed, the segmentation across slot boundary is motivated. It is very similar to the current situation that a transmission occasion across SBFD and non-SBFD symbols is not allowed, and hence the segmentation around boundary of SBFD symbol and non-SBFD symbol could be a reasonable solution. With the enhanced segmentation rule, dropping of a repetition due to overlapping with SBFD and non-SBFD symbols can be avoided. Symbols with available UL resource in the L*K (L represents nominal PUSCH repetition length, K represents number of nominal repetitions) can be used for UL transmission, which is aligned with the design principle of PUSCH repetition type B.

Proposal 17: For PUSCH repetition type B, nominal repetition can be segmented into actual repetitions around boundary of SBFD symbols and non-SBFD symbols. 


2.7 Others
SPS HARQ-ACK deferring

For PUCCH, SPS HARQ-ACK deferring was introduced in Rel-17. When a PUCCH for SPS HARQ-ACK overlaps with semi-static DL symbol or SSB symbol, UE will defer the PUCCH until no overlapping with semi-static DL symbol or SSB symbol, as shown in Fig 2. Considering SBFD operation with UL subband in semi-static DL symbols, impact on SPS HARQ-ACK deferring should be studied.
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Fig 2: Example of SPS HARQ-ACK deferring

Proposal 18: Study SBFD impact on SPS HARQ-ACK deferring.

UL cancellation DCI
For UL cancellation DCI format 2_4, the time domain position for the indicated resources is obtained by excluding symbols for reception of SS/PBCH blocks and DL symbols indicated by tdd-UL-DL-ConfigurationCommon. 
	11.2A	Cancellation indication
If a UE is provided UplinkCancellation, the UE is provided, in one or more serving cells, search space sets for monitoring the first PDCCH candidate with a CCE aggregation level of  CCEs of each search space set for detection of a DCI format 2_4 [5, TS 38.212] with a CI-RNTI provided by ci-RNTI as described in clause 10.1. UplinkCancellation additionally provides to the UE 
-	a set of serving cells, by ci-ConfigurationPerServingCell, that includes a set of serving cell indexes and a corresponding set of locations for fields in DCI format 2_4 by positionInDCI
-	a number of fields in DCI format 2_4, by positionInDCI-forSUL, for each serving cell for a SUL carrier, if the serving cell is configured with a SUL carrier
-	an information payload size for DCI format 2_4 by dci-PayloadSize-ForCI
-	an indication for time-frequency resources by timeFrequencyRegion
For a serving cell having an associated field in a DCI format 2_4, for the field denote by 
-	 a number of bits provided by ci-PayloadSize
-	 a number of PRBs provided by frequencyRegionforCI in timeFrequencyRegion
-	 a number of symbols, excluding symbols for reception of SS/PBCH blocks and DL symbols indicated by tdd-UL-DL-ConfigurationCommon, from a number of symbols that
-	is provided by timeDurationforCI in timeFrequencyRegion, if the PDCCH monitoring periodicity for the search space set with the DCI format 2_4 is one slot and there are more than one PDCCH monitoring occasions in a slot, or
-	is equal to the PDCCH monitoring periodicity, otherwise.
-	 a number of partitions for the  symbols provided by timeGranularityforCI in timeFrequencyRegion



Considering SBFD operation with UL subband in DL symbols, there may be UL transmission in DL symbols. With the legacy rule, UL transmission in UL subband in SBFD symbols configured as DL can’t be cancelled by DCI 2_4. Therefore, impact on UL cancellation DCI format 2_4 should be studied.

Proposal 19: Study SBFD impact on UL cancellation DCI format 2_4.


3. Conclusion
In this contribution, we discussed subband non-overlapping full duplex. We have the following observations and proposals:
Observation 1: For frequency domain resource allocation for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resources in different slots, Option 3 is commonly applicable to all types of channels/signals.
Observation 2: 
· Common PUCCH resource configuration for SBFD symbols and non-SBFD symbols can work based on gNB implementation and/or with enhanced rules for PUCCH overlapping with RB outside UL subband in SBFD symbols (as in section 2.3). 
· Separate PUCCH resource configurations for SBFD symbols and non-SBFD symbols may have benefits of more flexibility on PUCCH resource selection, and/or avoiding dropping or postponing of PUCCH in SBFD symbols.


Proposal 1: Support indication of SBFD subband time locations with per symbol granularity.
· A slot can consist of both SBFD and non-SBFD symbols.

Proposal 2: Not support to configure SBFD subbands in a symbol indicated as flexible by TDD-UL-DL-ConfigCommon and indicated as UL by TDD-UL-DL-Dedicated.

Proposal 3: Not support to enable SBFD operation and dynamic TDD operation in a cell simultaneously.

Proposal 4: On the signaling of SBFD subband time and frequency domain locations, two options can be considered:
· Option 1: Support (at least) the indication of SBFD subband time and frequency domain locations in SIB.
· Option 2: Postpone the discussion till the decision in agenda item 9.3.2 on whether and how to support random access channels in SBFD symbols for UEs in RRC idle/in-active mode.

Proposal 5: Support one CSI-RS resource across two DL subbands. Option 2-2 is preferred.
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s).

Proposal 6: To support PDSCH with RA type 1 with frequency resource across two DL subbands, the RBs outside DL subband are excluded.

Proposal 7: For the case of PRG(s) with size of 2 and 4 that overlaps with subband boundary, the part of DL PRG inside the DL subband can be used.

Proposal 8: For the case of wideband precoder in case of non-contiguous DL subbands, option 1 is slightly preferred. 
· Option 2 is also acceptable if there is strong concern on the increased UE complexity in option 1. 
It is not preferable to support both options based on UE capability.

Proposal 9: For TX/RX across SBFD symbols and non-SBFD symbols in different slots, narrow-down candidate FDRA mechanisms from the listed options.
· Option 3 is kept for further down-selection for PDSCH/PUSCH/PUCCH/CSI-RS/SRS.
· Some option(s) can be excluded for each type of channels/signals as below. 
· For PDSCH/PUSCH: Option 1-1 and option 1-3 can be excluded.
· For PUCCH: Option 2 can be excluded.
· For CSI-RS/SRS: Option 1-3 and option 2 can be excluded.

Proposal 10: For CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots, Option 2-2 can be excluded.

Proposal 11: Further study separate PUCCH resource configurations for SBFD symbols and non-SBFD symbols.

Proposal 12: Further study PUCCH/PUSCH frequency hopping in SBFD symbols.
· Alt-1: Disable frequency hopping in SBFD symbols.
· Alt-2: Support separate frequency hopping parameters in SBFD symbols and non-SBFD symbols.

Proposal 13: Separate UL power control for UL transmission in SBFD symbols and non-SBFD symbols needs to be carefully studied with considering CLI handling.

Proposal 14: If SBFD UL subband is configured in an SSB symbol,
· Not support UL transmission in UL subband in SSB symbols
· No restriction on the SSB frequency resource and UL subband locations. 
· UE assumes the SSB frequency resource as DL regardless of overlapping with UL subband.

Proposal 15: For DL channel/signal in DL subband and UL channel/signal in UL subband in the same SBFD symbol, three types of collision cases can be considered.
· Type 1 collision case: The DL and UL channels/signals are scheduled by DCI.
· This case can be avoided by gNB scheduling.
· FFS whether collision is allowed for DL/UL channel/signal with repetitions.
· Type 2 collision case: Only DL (or UL) channel/signal is scheduled by DCI, while UL (or DL) channel/signal is configured by higher layer.
· The channel/signal scheduled by DCI is prioritized.
· Type 3 collision case: The DL and UL channels/signals are configured by higher layer.
· Study prioritization rule based on channel/signal type, and/or whether with DCI/MAC CE activation, and/or stating time, etc.

Proposal 16: For a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot if any, UE does not transmit or receive the physical channel/signal within the slot.

Proposal 17: For PUSCH repetition type B, nominal repetition can be segmented into actual repetitions around boundary of SBFD symbols and non-SBFD symbols. 

Proposal 18: Study SBFD impact on SPS HARQ-ACK deferring.

Proposal 19: Study SBFD impact on UL cancellation DCI format 2_4.
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