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[bookmark: _Ref521334010]Introduction
For Rel-19 NR duplex evolution, the following objectives were given in WID [1].
	· 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



In this contribution, we discuss some initial considerations for SBFD TX/RX/measurement procedures in Rel-19 NR duplex evolution.
Discussion
Semi-static indication of SBFD subbands locations
· Cell-common signalling/UE-specific signalling
For signalling design of subband location indication, cell-common signalling and UE-specific signalling were proposed and studied in SI without consensus. For semi-static SBFD, the baseline is that SBFD subbands configuration is common for all the SBFD aware UEs in the serving cell. Hence, from signalling overhead point of view, indication of time and frequency locations of SBFD subbands via SIB is preferred. The motivation and benefit of UE dedicated signalling should be discussed to decide whether to support it or not. 
Proposal 1: Indication of time and frequency locations of SBFD subbands via SIB is supported.
· FFS UE dedicated signaling

· Indication of time location 
For semi-static configuration of subband time locations for SBFD operation, explicit configuration of SBFD subband time locations within a period was agreed as baseline in SI. For indication period, two schemes were proposed, i.e., defining new SBFD configuration period and reusing TDD pattern period. As SBFD subband is located at DL/Flexible symbols configured in TDD-UL-DL-ConfigCommon as shown in Figure 1, reusing TDD pattern period is preferred to match SBFD configuration and TDD pattern. 
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[bookmark: _Ref157435587]Figure 1: Indication of SBFD subbands time location 
Proposal 2: The SBFD subband time locations are configured within  TDD pattern period(s).
To avoid frequent transition between SBFD and non-SBFD symbols , limitation on the maximum number of transition points was studied in the SI. Based on the study, RAN1 concluded that 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. We propose to confirm the conclusion achieved in SI.
Proposal 3: Support 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 where the transition point can be aligned with slot boundary or within a slot.  
To satisfy the limitation of maximum transition points, SBFD subband is proposed to be configured on consecutive symbols in TDD pattern period as shown in Figure 1.
Proposal 4: SBFD subband is configured on consecutive symbols in TDD pattern period. 
Based on RAN4’s agreement in [2], a transition period is needed between the non-SBFD slot and SBFD slot and vice versa. As for the transition period, it can be transparent to UE where gNB shall not perform DL transmission or schedule UL transmission. It also can be explicitly indicated to UE where UE shall not receive DL transmission or perform UL transmission. It is proposed to study whether guard/transition period(s) are explicitly indicated.
Proposal 5: FFS whether guard/transition period(s) are explicitly indicated.
· Indication of frequency  location
For semi-static configuration of subband frequency locations for SBFD operation, it was agreed that same subband frequency resources across different SBFD symbols are considered as baseline and frequency location of UL/DL subband is with reference to CRB grid. 
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[bookmark: _Ref157438745]Figure 2: Indication of SBFD subbands frequency location
And RAN1 agreed that at least explicit indication of frequency location of UL subband is required. Two options for frequency location configuration of DL subband(s) and guardband(s) if any are viable.
[bookmark: MCCQCTEMPBM_00000183]-	Option 1: Frequency locations of 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). 
[bookmark: MCCQCTEMPBM_00000184]-	Option 2: The number of RBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
Option 2 could save the signaling overhead compared to Option 1. Thus, explicitly configuring guardband(s) size is preferred. And then DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s). 
Based on the analysis above, the indication of frequency location as shown in Figure 2 is proposed.
Proposal 6: The subband frequency resources are the same across different SBFD symbols. 
Proposal 7: Support explicit indication of frequency location of UL subband and the number of RBs for guardband(s).
· Frequency location of UL subband is indicated with reference to CRB grid.
· DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
Enhancements to frequency resource allocation in SBFD symbols
FDRA across two DL subbands
For SBFD subband configuration with {DUD} pattern, two DL subbands at two sides of the channel bandwidth will be configured which will introduce non-contiguous DL resource as shown in Figure 3. To address the issue of FDRA across two DL subbands, enhancements on CSI-RS resource allocation and PDSCH resource allocation are discussed respectively. 
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[bookmark: _Ref157523454]Figure 3: FDRA across two DL subbands
· CSI-RS
To address the issue of non-contiguous DL resource, following options were proposed and studied for frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs.
-	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. Compared to Option 2-2, additional signaling is needed for Option 1 and Option 2-1, which would introduce signaling overhead. Option 2-2 can reuse the existing signaling design for CSI-RS resource configuration. Besides, Option 2-2 can be used to resolve the potential unaligned boundaries between CSI-RS resource configuration and SBFD subbands. Therefore, Option 2-2 is preferred.
Proposal 8: Support one contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s).
· PDSCH 
For FDRA type 1 and non-interleaved VRB-to-PRB mapping, only contiguous PRBs can be allocated so that non-contiguous FDRA across DL subbands cannot be achieved. For FDRA type 1 and interleaved VRB-to-PRB mapping, scheduling restriction/difficulty is introduced to avoid overlapping with UL subband. To address the FDRA type 1 issue of non-contiguous DL resource in SBFD symbols, reusing existing FDRA type 1 and deriving non-contiguous PDSCH resource by excluding frequency resources outside DL subband(s) can be considered. UE performs rate matching around frequency resources outside DL subband(s).
Proposal 9: Support non-contiguous PDSCH frequency domain resource allocation by excluding frequency resources outside DL subband(s) and perform rate matching around frequency resources outside DL subband(s). 
The issue of wideband precoder in case of non-contiguous DL subbands was identified and studied in SI. The following two options were studied.
[bookmark: MCCQCTEMPBM_00000193]-	Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
[bookmark: MCCQCTEMPBM_00000194]-	Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
Based on the study, RAN1 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. From perspectives of scheduling flexibility and DL data rate, Option 1 is preferred.
Proposal 10: For wideband precoder, non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband is preferred.
Handling of unaligned boundaries
Additional unaligned boundaries between precoding resource block group(s)/resource block group(s)/CSI reporting subband(s)/CSI-RS resource and SBFD subbands will be introduced by DL subbands in SBFD system as shown in Figure 4. Enhancements on PRG/RBG/CSI reporting subband/CSI-RS resource are discussed respectively.
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[bookmark: _Ref157525367]Figure 4: Unaligned boundary between DL FDRA and subbands
· RBG
For resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands, RAN1 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 was 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. Further, performing rate matching over the part of  the RBG outside the DL/UL subband for DL/UL transmission can be considered. We propose to confirm the agreements achieved in SI and perform rate matching over the part of RBG outside the DL/UL subband for DL/UL transmission.
Proposal 11: For SBFD-aware UE, the part of DL RBG inside the DL subband can be used and the part outside DL subband cannot be used for DL reception. And the part of UL RBG inside the UL subband can be used and the part outside UL subband cannot be used for UL transmission.
· Rate matching over the part of RBG outside the DL/UL suband for DL/UL transmission is supported.
· PRG
The issue of PRG(s) overlapping with subband boundary was studied in SI. Based on the study, RAN1 agreed that, 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. Besides, UE complexity could increase if this feature is supported. From perspectives of scheduling flexibility and resource utilization, we prefer to utilize the part of DL PRG inside the DL subband.
Proposal 12: For PRG overlapping with subband boundary, the part of DL PRG inside the DL subband can be used.
· CSI reporting subband
For a CSI reporting subband which overlaps with SBFD subband boundaries, RAN1 agreed that CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s) for SBFD-aware UE. We propose to confirm the agreement achieved in SI.
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 resources outside DL subband(s) for SBFD-aware UE.
· CSI-RS resource
As the granularity of CSI-RS resource allocation is 4 RBs, the boundary between CRS-RS resource and DL subband may not be aligned in SBFD symbols. For a CSI-RS resource which overlaps with SBFD subband boundaries, RAN1 performed study and agreed that only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE. We propose to confirm the agreement achieved in SI.
Proposal 14: For a CSI-RS resource which overlaps with SBFD subband boundaries, only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE.

Transmissions and receptions across SBFD symbols and non-SBFD symbols
[bookmark: _Ref135041595]FDRA across SBFD and non-SBFD symbols
Considering the different available resources in SBFD symbols and non-SBFD symbols, it was agreed in SI phase to study the following frequency resource allocation options for SBFD-aware UE for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols):
· 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.
Different options can be studied for different signals/channels. Hence, the solutions for SPS PDSCH/CG PUSCH, PUCCH/PUSCH/PDSCH repetition, TBoMS, multi-PUSCH/PDSCH, P/SP PUCCH, PDCCH, CSI report and CSI-RS are discussed separately in this section.
SPS PDSCH/CG PUSCH across SBFD symbols and non-SBFD symbols
For SPS PDSCH or CG PUSCH, if the transmission occasions exist in both SBFD symbols and non-SBFD symbols, the frequency resources in some transmission occasions may be outside DL subband(s) in SBFD symbols . Periodic SPS PDSCH and CG PUSCH resources are configured for data transmission with same TBS. It is not preferred to dynamically change the FDRA size. With fixed FDRA size, gNB should allocate available FDRA resources in SBFD symbols for SPS PDSCH and CG PUSCH as much as possible when the FDRA can be contained in corresponding subbands. In case a large portion of FDRA for SPS PDSCH/ CG PUSCH overlaps with RBs outside DL/UL subbands, rate matching or puncturing is not preferred since the transmission performance would be impacted. The simplest solution is to ignore the transmission occasions for SPS PDSCH and CG PUSCH in SBFD symbols if the frequency resources would be outside DL subband(s) .
Proposal 15: The SPS PDSCH or CG PUSCH occasions in SBFD symbols can be ignored if the frequency resources would be outside DL subband(s).

[bookmark: OLE_LINK48][bookmark: OLE_LINK49]PDSCH/PUSCH/PUCCH with repetitions across SBFD symbols and non-SBFD symbols
For PUCCH with repetitions across SBFD symbols and non-SBFD symbols, it is not expected to change the PUCCH resource since the repetitions may not be combined for different polar coding rate. Considering that available slot counting is applied for PUCCH repetition, the same rule can be applied in SBFD operation by updating the definition of available slot counting taking subband frequency location into account.
For PUSCH with repetitions across SBFD symbols and non-SBFD symbols, available slot counting is supported in Rel-17 CE, the definition of available slot counting can be updated by taking the subband frequency location into account in SBFD symbols.
For PDSCH repetition or PUSCH repetition without available slot counting across SBFD symbols and non-SBFD symbols, the available resources for the PDSCH/PUSCH may vary across slots as shown in Figure 5. In case a large portion of FDRA for PDSCH/PUSCH overlaps with RBs outside DL/UL subbands, rate matching or puncturing is not preferred since the transmission performance would be impacted. In this case, the simplest solution is to omit the transmission in slots if partial resources of a PDSCH/PUSCH repetition overlap with UL/DL subband or guardband. In addition, to reduce the impact on PDSCH repetition performance, PDSCH repetition with available slot counting can be considered for SBFD aware UEs.


[bookmark: _Ref118130867]Figure 5: Restriction for slot aggregation

Proposal 16: For PUCCH repetitions or PUSCH repetitions with available slot counting, update the definition of available slot counting by taking the subband frequency location into accountin SBFD operation.
Proposal 17: For PDSCH repetitions or PUSCH repetitions without available slot counting, omit the transmission in slots if partial resources of a PDSCH/PUSCH repetition overlap with UL/DL subband or guardband.
Proposal 18: For PDSCH repetition, consider to support available slot counting for SBFD aware UEs.

[bookmark: OLE_LINK50][bookmark: OLE_LINK51]TBoMS across SBFD symbols and non-SBFD symbols
For TBoMS introduced in Rel-17 CE, same resource allocation is used for slots for TBoMS and the slots used for TBoMS are determined based on available slot counting. The same rule can be reused in SBFD system by updating the definition of available slot taking the subband frequency location into account, for example, if partial resources of a TBoMS overlap with DL subband or guardband, then the slot is not considered as an available slot for TBoMS. 
Proposal 19: Update the definition of available slot counting by taking the subband frequency location into account for TBoMS in SBFD operation.

Multi-PUSCH/PDSCH scheduled by a single DCI across  SBFD symbols and non-SBFD symbols
For multi-PUSCH/PDSCH scheduled by a single DCI, separate k2/k0 and separate symbol allocations for PUSCH/PUSCH for each PUSCH/PDSCH are supported while same frequency-domain resource allocation is used for the multi-PUSCH/PDSCH. gNB may not be able to avoid allocating conflicting resource, drop the PUSCH/PDSCH in the slot with conflict resource which is the same as the current UE behavior is preferred. 
Proposal 20: For multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols, a PDSCH/PUSCH is dropped in the slot with conflict resource.

Periodic/semi-persistent PUCCH across SBFD symbols and non-SBFD symbols
For PUCCH, candidate PUCCH resources in PUCCH resource sets are preconfigured by gNB, and separate PUCCH configurations for SBFD symbols and non-SBFD symbols is preferred as discussed in section 2.3.2, hence for periodic/semi-persistent PUCCH across SBFD symbols and non-SBFD symbols, different PUCCH resources can be determined based on the separate PUCCH configurations for SBFD symbols and non-SBFD symbols.
Proposal 21: For P/SP PUCCH , different PUCCH resources in SBFD symbols and non-SBFD symbols is supported.

PDCCH across SBFD symbols and non-SBFD symbols
In SI phase, the following options were proposed for SBFD-aware UE in case it is agreed to be beneficial that a CORESET and a search space are configured that the MOs of the search space occur in both SBFD and non-SBFD symbols and the associated CORESET overlaps the boundary of a DL subband in SBFD symbols:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
· Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Option 1 will complicate operation on PDCCH mapping at both gNB side and UE side since REG/CCE mapping in SBFD slots would be changed based on the valid resources.
Option 2 may degrade the PDCCH performance due to reduced aggregation level of the PDCCH.
Option 3 is similar as the current specification hence has least standard efforts. But Option 3 may lead to reduced number of PDCCH candidates in SBFD slots especially when interleaving is used.
Option 4 is not reasonable. The configuration of search space is flexible, and the subband position is known to gNB, there is no reason for a gNB to configure a search space that some monitoring occasions would be dropped.
The intention of option 5 is not clear, separate search spaces associated with a CORESET is supported in current specification, if the CORESET resources overlap with REs outside DL subband(s), it is not clear how gNB should transmit PDCCH in this case.
For PDCCH resource allocation, non-contiguous frequency domain resource allocation is supported from Rel-15, the frequency resources occupied by CORESET are indicated via a 45-bit bitmap and the granularity is 6 continuous RBs. The slots used for PDCCH monitoring are configured by monitoringSlotPeriodicityAndOffset and duration, the first symbol(s) for PDCCH monitoring in the slots are configured by 14-bit bitmap. Hence, gNB can configure the search space or CORESETs flexibly to avoid overlapping between CORESET and UL subband. For example, 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.
Observation: gNB could configure the search space or CORESETs to avoid overlapping between CORESET and UL subband.
Proposal 22: Enhancements for PDCCH across SBFD symbols and non-SBFD symbols is not supported.

CSI report with CSI-RS instances in SBFD and non-SBFD symbols
For CSI report associated with periodic/semi-persistent CSI-RS across SBFD symbols and non-SBFD symbols in different slots, the following options were studied for SBFD-aware UEs in SI phase:
· 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.
For CSI report associated with periodic/semi-persistent CSI-RS across SBFD symbols and non-SBFD symbols , considering that SBFD symbols and non-SBFD symbols are subject to different interference types, to get more accurate CSI measurement result, separate CSI reporting for SBFD symbols and non-SBFD symbols should be supported. Separate CSI reporting for SBFD symbols and non-SBFD symbols can be reported in one CSI report instance or in different CSI report instance. 
For CSI-RS across SBFD symbols and non-SBFD symbols, it should be considered same or different CSI-RS resource should be used. Considering that gNB antenna configuration may be different in DL and SBFD symbols, which may lead to different number of CSI-RS ports, Hence, separate CSI-RS configuration for SBFD and non-SBFD symbols should be supported. 
In Rel-18 NES, a new CSI reporting framework was introduced to enable the UE to report more than one CSI sub-report(s) in one reporting instance. More than one sub-configurations can be configured in a CSI-ReportConfig, and each sub-configuration corresponds to a list of one or more CSI-RS resources or a CSI-RS antenna port subset, and/or a power offset for PDSCH relative to CSI-RS. The design can be reused to realize option 2-2, for example, different sub-configurations in a CSI-ReportConfig can be used for CSI reporting for SBFD symbols and non-SBFD symbols respectively. This scheme has the least impact on specification, and separate CSI reporting for SBFD symbols and non-SBFD symbols can be realized. Hence, it is proposed to  reuse Rel-18 NES CSI reporting framework for Rel-19 duplex evolution.Whether enhancements based on Rel-18 NES CSI reporting framework are needed can be further studied.
Proposal 23: Reuse Rel-18 NES CSI reporting framework for Rel-19 duplex evolution.
· FFS whether enhancements based on Rel-18 NES CSI reporting framework are needed
Separate configurations for SBFD and non-SBFD symbols
In this section, whether supporting separate resources, FH parameters, UL power control parameters and/or beam/spatial relation for SRS, PUCCH and PUSCH is discussed. 
Separate resources
According to current specification, a single PUCCH configuration is provided per PHY priority which is applicable to all the slots. Considering the different available resources for PUCCH transmissions in SBFD slot and full UL slot, the PUCCH configuration needs to consider both SBFD slot and full UL slot in one PUCCH resource set following the existing design, which would degrade the PUCCH resource allocation flexibility. 
One possible enhancement is to increase the number of PUCCH resources within a PUCCH resource set, but this would increase the DCI overhead due to larger PRI bit field. Alternatively, separate PUCCH configurations for SBFD symbols and non-SBFD symbols can be considered.
Proposal 24: Support separate configurations for PUCCH transmission configuration in SBFD symbols and non-SBFD symbols.
For SRS, same SRS resource configuration across SBFD symbols and non-SBFD symbols would restrict SRS resource configuration flexibility considering different available resources and different UE multiplexing in SBFD and non-SBFD symbols, Hence, separate SRS resource for SBFD and non-SBFD symbols is preferred.
 Proposal 25: Support separate configurations for SRS in SBFD symbols and non-SBFD symbols.

Separate FH parameters
The available UL frequency resources are different in SBFD symbols and non-SBFD symbols. For PUSCH RA type 1, a single FH offset is applied with respect to the frequency location of the first hop so there would be limitation for PUSCH frequency hopping to avoid the case that the second hop is out of UL subband. Hence for SBFD aware UE, the RBs for the second hop can be determined based on the UL subband so that the second hop is always within the UL subband. In addition, different FH offset in SBFD symbols and non-SBFD symbols can be studied, since a common FH offset may cause inefficient frequency hopping offset in SBFD symbols. For example, if a FH offset is configured based on a full UL slot, it may be larger than the bandwidth of UL subband, then the frequency location of second hop might be very close to the frequency location of the first hop in SBFD slots.
For PUCCH and SRS, separate resource configurations are proposed to be supported, hence separate frequency hopping parameters are supported. 
Proposal 26: Support separate FH parameters for PUSCH, PUCCH and SRS in SBFD symbols and non-SBFD symbols.

Separate UL power control parameters
Considering different interference levels would cause different SINR in SBFD and non-SBFD symbols, separate UL power control parameters for PUSCH, PUCCH and SRS in SBFD and non-SBFD symbols should be supported.
Proposal 27: Support separate UL power control parameters for PUSCH, PUCCH and SRS in SBFD symbols and non-SBFD symbols.

Separate beam/spatial relation
Considering different interference levels/different antenna configurations in SBFD and non-SBFD symbols, separate beam/spatial relation parameters for PUSCH, PUCCH and SRS in SBFD and non-SBFD symbols should be supported.
Proposal 28: Support separate beam/spatial relation parameters for PUSCH, PUCCH and SRS in SBFD symbols and non-SBFD symbols.
Collision handling in SBFD symbols
For SBFD operation, half-duplex operation is assumed at UE side. How to resolve the collision between transmissions and receptions, and order of different collision types are discussed in this section.
Collision between transmissions and receptions
In general, there are three possible schemes to resolve the issue of time domain conflict of transmission and reception in the same SBFD symbol for SBFD aware UE:
· Option 1: Based on predefined rules
· Option 2: Based on gNB indication
· Option 3: Avoid the collision by gNB implementation
For option 1, the existing rules for conflict resolution in flexible symbols can be reused. We are also open to consider enhanced collision rules for SBFD aware UEs to better support SBFD operation. 
For option 2, the transmission direction can be indicated to UE by RRC or DCI. For example, reuse TDD-UL-DL-ConfigDedicated or dynamic SFI signalling to indicate the UE transmission direction in SBFD symbols, the detailed signalling design can be further studied. 
For option 3, gNB should avoid to configure/schedule transmission and reception for an SBFD aware UE in one SBFD symbol, which introduce more scheduling limitation. 
Proposal 29: For SBFD aware UEs, study the following collision handling schemes for collision between transmissions and receptions.
· Option 1: Based on predefined rules
· Option 2: Based on gNB indication
· Option 3: Avoid the collision by gNB implementation

Order of different collision types
In general, there are three types of collision for a SBFD aware UE as below, the processing order for these collision types should be considered: 
1) Collision between transmissions/receptions and SBFD subbands; 
2) Collision between transmissions with same transmission direction;
3) Collision between transmissions and receptions;


[bookmark: _Ref118272300]Figure 6: Different collision types in SBFD symbol
As shown in Figure 6, there are three kinds of collision in slot n. The collision between PUSCH and DL subband is the first kind of collision, the collision between HARQ-ACK and PUSCH is the second kind of collision, and the collision between HARQ-ACK and PDSCH-1 or between PUSCH and PDSCH-2 is the third kind of collision. It is necessary to determine the execution order of the solutions to resolve these collisions. Different execution order may lead to different channels to be transmitted at last as shown below
· Case 1: If the first collision type is resolved first, PUSCH is dropped at the first step, then the collision between HARQ-ACK and PDSCH-1 should be resolved, assuming dynamic HARQ-ACK is prioritized over PDSCH-1, PUCCH with HARQ-ACK and PDSCH-2 can be transmitted at last in this case.
· Case 2: If the second collision type is resolved first, the HARQ-ACK would be multiplexed on PUSCH, then there are still two kinds of collision, collision between PUSCH and DL subband, and collision between PUSCH and PDSCH-2.
· Case 2-1: assuming the collision between PUSCH with HARQ-ACK and PDSCH-2 should be resolved first and dynamic HARQ-ACK is prioritized over PDSCH-2, then PDSCH-2 should be dropped, then the PUSCH with HARQ-ACK is dropped for collision with DL subband, only PDSCH-1 could be transmitted at last.
· Case 2-2: assuming the collision between PUSCH with HARQ-ACKand DL subband should be resolved first, then PUSCH with HARQ-ACK should be dropped,  PDSCH-1 and PDSCH-2 could be transmitted at last. 
· Case 3: If the collision between downlink and uplink is resolved first,  then for collision between PDSCH-1 and HARQ-ACK, assuming dynamic HARQ-ACK is prioritized over PDSCH-1, then PDSCH-1 should be dropped, for collision between PDSCH-2 and PUSCH, assuming PUSCH is prioritized over PDSCH-2, then PDSCH-2 should be dropped. Then there are still two kinds of collision, collision between PUSCH and DL subband, and collision between PUSCH and HARQ-ACK.
· Case 3-1: assuming the collision between PUSCH with HARQ-ACK should be resolved first and HARQ-ACK is multiplexed on PUSCH, then the PUSCH with HARQ-ACK is dropped for collision with DL subband, no channel could be transmitted at last.
· Case 3-2: assuming the collision between PUSCH and DL subband should be resolved first, then PUSCH should be dropped,  only PUCCH with HARQ-ACK could be transmitted at last. 
It can be seen that gNB and UE may have different understanding on which channel could be transmitted based on different understanding on the order of resolution of different collision types, hence it is proposed to study collision handling rules for the order of different collision types.
Proposal 30: For SBFD aware UEs, study the order of collision handling of the following collision types.
· Type 1: Collision between transmissions/receptions and SBFD subbands; 
· Type 2: Collision between transmissions with same transmission direction;
· Type 3: Collision between transmissions and receptions.
SSB in SBFD symbols
For SSB in SBFD symbols, it was agreed that an UL subband can be configured in an SSB symbol. For whether actual UL transmission can be done in SSB symbols, the following options can be considered:
· Option 1: UL transmission in SSB symbols is not supported
· Option 1-1: UL subband cannot be used for DL and UL
· Option 1-2: SBFD configuration in SSB symbols is not valid 
· Option 2: UL transmission in SSB symbols is supported
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]For option 1, SBFD-aware UE is not allowed to transmit in SSB symbols，there are two sub-options can be further considered. Option 1-1 does not allow UL transmission and DL reception in UL subband, hence it would cause lower resource utilization efficiency. Option 1-2 allow SBFD symbols in SSB symbols fallback to full DL symbols, hence more transition points in one SBFD period would be introduced. 
For option 2, SBFD-aware UE is allowed to transmit in UL subband in SSB symbols. To avoid the impact on SSB performance, SSB in SBFD symbols should be confined within DL subband(s). The measurement accuracy of SSB may be negatively impacted due to inter-subband CLI. In addition, additional condition for UL transmission in SSB symbols may need to be defined.
If UL transmission is not allowed in SBFD symbols for SBFD aware UEs, it would degrade the performances of SBFD operation especially when SSB has a short period. On the other hand, it could be beneficial to introduce a restriction which would disallow SBFD operation in SSB symbols since SSB is a crucial signal for proper system operation. Hence, SBFD operation on SSB symbols can be supported. Specifically, this function can be configured subject to certain conditions and the conditions can be further studied. 
Proposal 31: UL transmission in SSB symbols is supported subject to certain conditions.
Conclusion
In this contribution, we discuss SBFD TX/RX/measurement procedures and give the following proposals.
Proposal 1: Indication of time and frequency locations of SBFD subbands via SIB is supported.
· FFS UE dedicated signaling
Proposal 2: The SBFD subband time locations are configured within  TDD pattern period(s).
Proposal 3: Support 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 where the transition point can be aligned with slot boundary or within a slot.  
Proposal 4: SBFD subband is configured on consecutive symbols in TDD pattern period. 
Proposal 5: FFS whether guard/transition period(s) are explicitly indicated.
Proposal 6: The subband frequency resources are the same across different SBFD symbols. 
Proposal 7: Support explicit indication of frequency location of UL subband and the number of RBs for guardband(s).
· Frequency location of UL subband is indicated with reference to CRB grid.
· DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
Proposal 8: Support one contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s).
Proposal 9: Support non-contiguous PDSCH frequency domain resource allocation by excluding frequency resources outside DL subband(s) and perform rate matching around frequency resources outside DL subband(s). 
Proposal 10: For wideband precoder, non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband is preferred.
Proposal 11: For SBFD-aware UE, the part of DL RBG inside the DL subband can be used and the part outside DL subband cannot be used for DL reception. And the part of UL RBG inside the UL subband can be used and the part outside UL subband cannot be used for UL transmission.
· Rate matching over the part of RBG outside the DL/UL suband for DL/UL transmission is supported.
Proposal 12: For PRG overlapping with subband boundary, the part of DL PRG inside the DL subband can be used.
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 resources outside DL subband(s) for SBFD-aware UE.
Proposal 14: For a CSI-RS resource which overlaps with SBFD subband boundaries, only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE.
Proposal 15: The SPS PDSCH or CG PUSCH occasions in SBFD symbols can be ignored if the frequency resources would be outside DL subband(s).
Proposal 16: For PUCCH repetitions or PUSCH repetitions with available slot counting, update the definition of available slot counting by taking the subband frequency location into accountin SBFD operation.
Proposal 17: For PDSCH repetitions or PUSCH repetitions without available slot counting, omit the transmission in slots if partial resources of a PDSCH/PUSCH repetition overlap with UL/DL subband or guardband.
Proposal 18: For PDSCH repetition, consider to support available slot counting for SBFD aware UEs.
Proposal 19: Update the definition of available slot counting by taking the subband frequency location into account for TBoMS in SBFD operation.
Proposal 20: For multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols, a PDSCH/PUSCH is dropped in the slot with conflict resource.
Proposal 21: For P/SP PUCCH , different PUCCH resources in SBFD symbols and non-SBFD symbols is supported.
Proposal 22: Enhancements for PDCCH across SBFD symbols and non-SBFD symbols is not supported.
Proposal 23: Reuse Rel-18 NES CSI reporting framework for Rel-19 duplex evolution.
· FFS whether enhancements based on Rel-18 NES CSI reporting framework are needed
Proposal 24: Support separate configurations for PUCCH transmission configuration in SBFD symbols and non-SBFD symbols.
Proposal 25: Support separate configurations for SRS in SBFD symbols and non-SBFD symbols.
Proposal 26: Support separate FH parameters for PUSCH, PUCCH and SRS in SBFD symbols and non-SBFD symbols.
Proposal 27: Support separate UL power control parameters for PUSCH, PUCCH and SRS in SBFD symbols and non-SBFD symbols.
Proposal 28: Support separate beam/spatial relation parameters for PUSCH, PUCCH and SRS in SBFD symbols and non-SBFD symbols.
Proposal 29: For SBFD aware UEs, study the following collision handling schemes for collision between transmissions and receptions.
· Option 1: Based on predefined rules
· Option 2: Based on gNB indication
· Option 3: Avoid the collision by gNB implementation
Proposal 30: For SBFD aware UEs, study the order of collision handling of the following collision types.
· Type 1: Collision between transmissions/receptions and SBFD subbands; 
· Type 2: Collision between transmissions with same transmission direction;
· Type 3: Collision between transmissions and receptions.
Proposal 31: UL transmission in SSB symbols is supported subject to certain conditions.
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