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Background
According to the WID approved in [1], RAN1 is supposed to discuss necessary enhancements for SBFD operations at gNB side within a TDD carrier. As per the WID, the following is assumed in the discussion.
	· 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



Semi-static indication of SBFD subbands
The following agreement has been made in RAN1#116 meeting [2].
	Agreement
For RRC connected mode UEs, at least cell-specific configuration on time and frequency(working assumption) location of SBFD subbands is supported within a TDD carrier.
· FFS: Additional support of UE-specific configuration on time and/or frequency locations of SBFD subbands




In our understanding, the agreement above is a kind of Stage-2 level agreement. Stage-2 specification is related to gNB implementation or deployment. Therefore, the agreement shows that the gNB can operate a single cell with a unique time location of SBFD subbands for all the UEs in the cell. 
With this understanding, the working assumption for the frequency aspect can be confirmed. At least gNB should be able to operate a single cell with a unique frequency location of SBFD subbands for all the UEs in the cell.
Proposal 1: Confirm the working assumption that, for RRC connected UEs, at least cell-specific configuration on frequency location of SBFD subbands is supported within a TDD carrier. 
Additional support of UE-specific configuration will increase the gNB implementation effort. The UE-specific configuration will lead to UE-specific guard band configuration. Considering that the guard band corresponds to the gNB’s RF filtering characteristics, multiple guard band configurations in a single cell will lead to multiple RF settings implemented in the cell. We think UE-specific configuration can be deprioritized in this WI.
Proposal 2: Deprioritize support of UE-specific configuration on time and/or frequency locations of SBFD subbands.
Signalling details of SBFD subbands
1.1. Signalling details of time location of SBFD subbands
The following agreement has been made in RAN1#116 meeting [2].
	Agreement:
For RRC connected mode UEs, SBFD subband time locations are configured within a period. At least when only one TDD-UL-DL pattern is configured, the period is down-selected from one of the following options.
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· Option 2: The period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· FFS: Further details
FFS: Details when two TDD-UL-DL patterns are configured

Agreement
A slot can consist of SBFD symbols and non-SBFD symbols.
For semi-static indication of SBFD subband time location,
· When only one TDD-UL-DL pattern is configured, SBFD symbols are configured in consecutive manner within a TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for only one of the patterns, SBFD symbols are configured in consecutive manner within the TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for both patterns, SBFD symbols are configured in consecutive manner within each TDD-UL-DL pattern period.
· SBFD symbols are configured in DL and/or flexible symbols configured in TDD-UL-DL-ConfigCommon
· The configured SBFD symbols can start from any symbol within a slot and can end in any symbol within a slot.
· referenceSubcarrierSpacing in TDD-UL-DL-ConfigCommon is used as reference SCS.
· FFS details




In the agreement above, at least Option 1 should be supported. Furthermore, Option 1 is the special case of Option 2. Therefore, we can agree on the unified solution first.  
Proposal 3: For RRC connected mode UEs, SBFD subband time locations are configured within a period. At least when only one TDD-UL-DL pattern is configured, the period is the integer multiple of TDD-UL-DL pattern period. At least the integer being one is supported.
When two TDD-UL-DL patterns are configured, the second agreement shows that consecutive SBFD symbols are configured in each pattern. Therefore, the same procedure can be reused as for the case where only one TDD-UL-DL pattern is configured.
Proposal 4: When two TDD-UL-DL patterns are configured, the period is the integer multiple of the sum of the TDD-UL-DL pattern periods. At least the integer being one is supported.
1.2. Signalling details of frequency location of SBFD subbands
The following agreement has been made in RAN1#116 meeting [2].
	Agreement:
The maximum number of UL subbands for SBFD operation in an SBFD symbol within a TDD carrier is one.
The UL subband can be located at one side of the carrier or can be located at the middle part of the carrier.
For semi-static indication of SBFD subband frequency location, down-select from the following options.
· Option 1: Frequency locations of UL subband and DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
· [bookmark: _Hlk162440577]Option 2: Frequency location of UL subband and the number of RBs for guardband(s), if any, are explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).

Agreement
The subband frequency-domain resources are same across different SBFD symbols within a TDD carrier. Frequency location of cell specific UL subband, and DL subband(s) if explicitly indicated, are indicated with reference to CRB grid.
· RB-level granularity is supported for semi-static indication of SBFD subband frequency location.
· Subject to RAN4 guidance on the size of subband/guardband, if any
· FFS reference starting RB and reference SCS





In our understanding, the same goal can be achieved by either. We slightly prefer Option 2 since it reduces RRC signaling overhead.
Proposal 5: Frequency location of UL subband and the number of RBs for guardband(s), if any, are explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
Frequency location of UL subband is indicated with reference to CRB grid, as agreed. Furthermore, as agreed, UL subbands are configured in a TDD carrier = scs-specific carrier. Therefore, it’s straightforward to make the start RB of the scs-specific carrier as the reference point. RIV-like signalling is enough.
Proposal 6: The start RB of the scs-specific carrier is the reference point for UL subband configurations. RIV-like signalling can be reused to indicate the start RB and the duration in terms of RBs.
UE transmission and reception behavior and procedures in SBFD symbols and/or non-SBFD symbols
In [2], the following agreement has been made for the UE transmission and reception behavior.
	Agreement
For SBFD-aware UE transmission and reception in the SBFD symbols configured in DL and/or flexible in TDD-UL-DL-ConfigCommon, 
· UL transmissions within UL usable PRBs are allowed
· FFS SSB symbols
· DL receptions within DL usable PRBs are allowed
· UL transmissions outside UL usable PRBs are not allowed
· DL receptions outside DL usable PRBs are not allowed
· This restriction is not applicable for CLI measurement
CLI measurement behaviours for SBFD-aware UE are discussed in agenda item 9.3.3.
RAN1 to discuss SBFD aware UE behaviors in SBFD symbols with interaction with legacy TDD slot configuration indications via TDD-UL-DL-ConfigDedicated and SFI in DCI format 2_0
· DCI format 2_0 cannot be used to revert SBFD symbol to non-SBFD symbol

Agreement
For SBFD-aware UE transmission and reception in an SBFD symbol, consider the following options to determine link direction, i.e. whether to transmit or to receive in the SBFD symbol. 
· Option 1: UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).
· Option 2: link direction is indicated by gNB explicitly.
Other options are not precluded. 




In the agreement above, how to treat UL transmissions in SSB symbols are FFS. Figure 1 shows the interaction of SSBs with UL subbands. In Figure 1, TDD-UL-DL pattern period is 5 ms, SSBs are configured in the 2nd half frame, and UL subbands are configured per TDD-UL-DL pattern period. In this case, UL subbands overlapping with the SSBs (orange color) will not be scheduled uplink to protect SSBs. However, if the UL subband is still valid, according to the agreement, DL receptions outside the DL usable PRBs are not allowed, which implies the UL subbands overlapping with the SSBs are no longer usable for SBFD aware UEs. Therefore, we suggest a mechanism disabling a part of the configured UL subband. 


Figure 1: Interaction of SSBs with UL subbands
There are several options to handle this.
1) Disable UL subbands overlapping with SSBs
2) Disable the UL subbands in the TDD-UL-DL pattern period which overlaps with SSBs
Option 1 is like disabling the UL subband in the orange color part of Figure 1. However, Option 1 creates several SBFD/non-SBFD switching points, which is not preferable.
Figure 2 shows an example of disabling of the whole UL subbands in the TDD-UL-DL patten period which overlaps with SSBs. In this option, in order not to create multiple SBFD/non-SBFD switching points, UE disables the consecutive SBFD subbands in the TDD-UL-DL pattern period if the SBFD subband overlaps with any SSBs.
Proposal 7: Disable the UL subbands in the TDD-UL-DL pattern period which overlaps with SSBs.


Figure 2: Disabling of the L subbands in the TDD-UL-DL pattern period which overlaps with SSBs
Link direction determination is another discussion point as agreed. In Option 1, the UE behavior is like in flexible symbols in the legacy specification. The UE determines link direction based on the scheduling status. On the other hand, in Option 2, the UE behavior is like in DL/UL symbols in the legacy specification. The UE does not expect uplink/downlink scheduling in DL/UL symbols.
In the Rel-18 discussion, Option was the baseline. Option 1 has traffic adaptation which gives latency reduction or system capacity gain. On the other hand, Option 2 gives simple UE implementation. Therefore, we support both options.
Proposal 8: Support both of the following.
· Option 1: UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).
· Option 2: link direction is indicated by gNB explicitly.
1. Transmission and reception behaviors on SBFD subbands
3. PDCCH
In [3], the following is captured for PDCCH enhancement.
	If 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, at least the following options can be considered for SBFD-aware UE:
[bookmark: MCCQCTEMPBM_00000223]-	Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
[bookmark: MCCQCTEMPBM_00000224]-	Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
[bookmark: MCCQCTEMPBM_00000225]-	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).
[bookmark: MCCQCTEMPBM_00000226]-	Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
[bookmark: MCCQCTEMPBM_00000227]-	Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Note: These options are applicable to at least USS.



At least some PDCCH monitoring occasions should be shared among UEs, even though those are UE-specifically provided. Furthermore, those monitoring occasions should be shared among non-SBFD aware UEs and SBFD aware UEs in a cell. Therefore, the specification should not prohibit the possibility of PDCCH monitoring occasions overlapping with UL subbands. If prohibited, in the cell, the network cannot PDCCH intended for the legacy UEs in any UL subbands, which impacts the legacy UEs performance.
On the other hand, the SBFD aware UEs are not expected to receive anything in the UL subband. Thus, the BS will not transmit any PDCCH intended for the SBFD aware UEs in PDCCH monitoring occasions in the UL subband. It leads to a conclusion that any CSS sets (at least type-0, -0A, -1, and -2) should not be configured in a way that any PDCCH monitoring occasions overlaps with the UL subband. Therefore, we propose the following.
Proposal 9: No enhancements to collision handling of PDCCH monitoring occasions over UL subbands is expected in Rel-19 duplex WI.
As described in the TR [3], enhancement is possible for USS sets. Technically, all the Option 1 to Option 5 works. On the other hand, Option 2 is not preferred. Rate-matching or puncturing of the sequence generated by polar coding has not been discussed enough. Since there are other options without any impact on the polar coding, we prefer other options than Option 2.
Proposal 10: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s) is not pursued in Rel-19 duplex.
3. PDSCH
Type 0 RA
In [2], the following is captured for type 0 RA on PDSCH.
	Agreement
The subband frequency-domain resources are same across different SBFD symbols within a TDD carrier. Frequency location of cell specific UL subband, and DL subband(s) if explicitly indicated, are indicated with reference to CRB grid.
· RB-level granularity is supported for semi-static indication of SBFD subband frequency location.
· Subject to RAN4 guidance on the size of subband/guardband, if any
· FFS reference starting RB and reference SCS




Considering the above, it is straight forward to support that for SBFD aware UEs, the part of the DL RBG inside the DL subband can be used and the part of the RBG outside the DL subband cannot be used for DL reception at least for semi-static SBFD. Therefore, we support to agree on the following as a first step.
Proposal 11: Support that for SBFD aware UEs, the part of the DL RBG inside the DL subband can be used and the part of the RBG outside the DL subband cannot be used for DL reception at least for semi-static SBFD.
Type 1 RA
Type 1 RA can also be used for wideband PDSCH allocation using RIV. On the other hand, in DCI format 1_0 in CSS sets, the maximum bandwidth for the scheduled PDSCH is limited to the size of the CORESET 0, which is up to approximately 20 MHz in FR1. Considering that, in FR1, UL subband size is assumed 20 MHz, there is no possibility to utilize the two DL subbands for a PDSCH scheduled by DCI format 1_0 monitored in CSS sets. Therefore, we can clarify the following.
Proposal 12: RAN1 does not pursue enhancements to type 1 RA for PDSCH scheduled by DCI format 1_0 in CSS sets.
On the other hand, DCI format 1_0 in USS sets can allocate whole active BWP, and thus, it can utilize the two DL subbands. Although the usage of DCI format 1_0 in USS sets is limited to the single rank transmission, there would be some use cases. For example, it could be used for coverage-edge UEs to exploit frequency diversity using interleaved RB mapping with type 1 RA with the compact DCI format. 
Enhancement to type 1 RA almost share the same concept as type 0 RA. If type 1 RA indicates resource allocation where some of the allocated RBs are outside of the DL subband, the UE assumes those RBs cannot be used for DL reception. 
Proposal 13: For type 1 RA, support that for SBFD aware UEs, the part of the scheduled RBs inside the DL subband can be used and the part of the scheduled RBs outside the DL subband cannot be used for DL reception at least for semi-static SBFD.
Subband PRG
In [3], the following is captured for subband PRG.
	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.



Although the partial PRG supports better scheduling flexibility and resource resource utilization, it was also noted that UE complexity could increase. Therefore, firstly, how much it improves scheduling flexibility and resource utilization should be identified.
Figure 3 shows an example configuration of RBG and PRG in an SBFD symbol. RBG size is 8 and PRG size is 2 (it is example configuration for easy figures, although in 100 MHz with 15 SCS, only 16 or 32 is supported for RBG size). In Figure 3, RBG1 overlaps with the DL subband boundary. Therefore, if RBG1 is allocated, the UE should assume the RB X cannot be utilized. However, the PRG also overlaps with the DL subband boundary. To drop the whole RBG1 is not efficient. On the other hand, if the partial PRG is not supported, the UE can assume the whole PRG as not available. It will limit the inefficiency of not supporting partial PRGs. It is supported to discuss this option as an alternative technique of supporting partial PRGs.
Proposal 14: RAN1 discusses the two options for subband PRG related enhancements.
· Option 1: Support partial PRGs
· Option 2: UE assumes the whole PRG overlapping with the DL subband boundary as not available


Figure 3: RBG and PRG configuration in an SBFD symbol
Wideband PRG
In [3], the following is captured for wideband PRG.
	If PRG is determined as wideband, the following two options are 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
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.



It shares the similar situation with the subband PRG. Option 1 requires UE to handle two non-contiguous segments of contiguous RBs that may increase UE complexity for channel estimation. On the other hand, it should be also noted that the situation is well aligned with reception of CSI-RS in two DL subbands. In CSI-RS reception, the UE will perform wideband channel estimation to derive CSIs. Therefore, if handling two non-continuous segments of contiguous RBs would be challenging to be specified in Rel-19 duplex, single CSI-RS configuration in one CSI-RS is also challenging.
Observation 1: If handling two non-continuous segments of contiguous RBs would be challenging to be specified in Rel-19 duplex, single CSI-RS configuration in one CSI-RS is also challenging.
3. CSI-RS and CSI reporting
CSI-RS configuration
In [3], the following is captured for CSI-RS configuration.
	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) 



In our understanding, all the options at least work. Therefore, basically we are OK with either option. On the other hand, we slightly prefer Option 2 family. Firstly, it is not straightforward to introduce two CSI-RS resources. For example, Option 1 has an impact to the bit width of CRI reporting. In CRI reporting, the bit width is calculated by  where  is the number of CSI-RS resources in the corresponding CSI-RS resource set. If Option 1 is supported,  needs to be redefined.
Option 2 does not have any issues. Therefore, Option 2 should be supported.
Proposal 15: Do not increase the number of CSI-RS resources in one CSI-RS resource set for realizing a non-continuous CSI-RS resource.
CSI reporting
Subband CQI/PMI reporting is beneficial for frequency selective scheduling using e.g., subband-based proportional fair scheduling. 
CSI subbands have the same issue with the partial RBGs. If a CSI subband overlaps with the DL subband boundary, CSI-RS outside of the DL subband is not available. Given that the partial RBG should be supported, corresponding CSI subband should also be reported with subband CQI/PMI for the frequency selective scheduling. Therefore, we support the following.
Proposal 16: Partial CSI subband is supported.
Wideband CSI reporting is also beneficial for frequency non-selective scheduling. For example, for coverage-edge UEs, exploiting frequency diversity by using DCI format 1_0 in USS sets are beneficial. Therefore, wideband CSI for the two DL subbands should also be supported.
Proposal 17: Wideband CSI for the two DL subbands is supported.
3. PUCCH
PUCCH repetition or configured PUCCH is discussed in different sections. DCI-triggered single slot PUCCH is discussed in this section. 
PUCCH resources of the DCI-triggered single slot PUCCH is indicated via PUCCH resource indicator field in the triggering DCI. The PUCCH resource indicator field indicates one single PUCCH resource among a PUCCH resource set relevant for the size of UCI to be transmitted. The PUCCH resource set is configured UE-specifically. Since PUCCH supports single RB allocation or continuous RB allocation, the BS should be able to schedule in the UL subband when the PUCCH is scheduled in SBFD symbols. 
In a case of frequency hopping, the starting RB and the second RB are configured with respective parameters in each PUCCH resource. Therefore, by setting the starting RB and the second RB appropriately for the UL subband, no issue occurs at the cost of scheduling flexibility. If the scheduling flexibility is the matter, we may consider some options. For example, the following options are available.
· Option 1: Increase the maximum number of PUCCH resources in a PUCCH resource set, e.g., to 16
· Option 2: Configure two sets of frequency hopping parameters, and implicitly switched based on in which region of non-SBFD and SBFD region the PUCCH is scheduled
On the other hand, for PUCCH repetitions or configured PUCCHs, as discussed in different sections, enhancements are necessary. Furthermore, it is highly possible that eventually the DCI-triggered single slot PUCCH can support the enhancement for PUCCH repetitions or configured PUCCHs with minimum spec. impact or without spec. impact. Therefore, we think PUCCH repetitions or configured PUCCHs should be discussed with priority. 
3. PUSCH
PUSCH repetition or configured PUSCH is discussed in different sections. Dynamically scheduled PUSCH is discussed in this section.
Irrespective of resource allocation type (excluding RA type 2, which we believe should be out of scope in this WI), continuous resource allocation should be made for PUSCH. Therefore, from FDRA perspective, PUSCH has no issue since UL subband is continuous frequency band. 
Frequency hopping is similar to PUCCH. In PUSCH, up to 4 frequency hopping offsets can be configured. Therefore, no issue occurs at the cost of scheduling flexibility. If the scheduling flexibility is the matter, we may consider some options. For example, the following options are available.
· Option 1: Increase the maximum number of frequency hopping offsets, e.g., to 8
· Option 2: Configure two sets of frequency hopping offsets, and implicitly switched based on in which region of non-SBFD and SBFD region the PUSCH is scheduled
On the other hand, for PUSCH repetitions or configured PUSCHs, as discussed in different sections, enhancements are necessary. Furthermore, it is highly possible that eventually the dynamically scheduled PUSCH can support the enhancement for PUSCH repetitions or configured PUSCHs with minimum spec. impact or without spec. impact. Therefore, we think PUSCH repetitions or configured PUSCHs should be discussed with priority.
1.4. Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots
In this subsection, repetition and configured or semi-persistent transmission are discussed. In most cases, those share similar issues. Those will be separately discussed if necessary.
In [3], the following is captured for enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots.
	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), the following options are studied for SBFD-aware UEs:
-	Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
-	Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
-	PDSCH/PUSCH/PUCCH repetitions
-	SPS PDSCH/CG PUSCH
-	TBoMS
-	Multi-PUSCH/PDSCH scheduled by a single DCI
-	Periodic/semi-persistent SRS/CSI-RS/PUCCH
-	PDCCH 
Option 1 can be achieved by gNB configuration or scheduling to ensure that all transmission/reception occasions are confined to either SBFD symbols or non-SBFD symbols. Alternatively, Option 1 can be achieved by additional indication or rules to determine the transmission/reception occasions are valid within one symbol type and are invalid within the other symbol type. The frequency resources, power control and beam/spatial relation for all the transmission/reception occasions can be the same for Option 1 but may be different for Option 2. If different, it may require additional specification efforts. Option 1 may or may not increase the transmission/reception latency if the transmission/reception in the other symbol type is postponed and may degrade the performance if the transmission/reception in the other symbol type is dropped. Option 2 may or may not reduce the transmission/reception latency and improve coverage.



PDSCHs across SBFD symbols and non-SBFD symbols in different slots
Multiple PDSCH transmission occasions in PDSCH repetition or SPS PDSCH may be mapped across SBFD symbols and non-SBFD symbols in different slots. In this case, each PDSCH in different slots can be handled separately. For example, if one of the multiple PDSCH transmission occasions is mapped in a slot with SBFD symbols, the UE can assume that the UL subband in the symbol is not available for the PDSCH. For other PDSCH transmission occasions mapped in slots with non-SBFD symbols, no special handling is required. 
Proposal 18: Each PDSCH in multiple PDSCH transmission occasions in PDSCH repetition or SPS PDSCH mapped across SBFD symbols and non-SBFD symbols in different slots are handled in different manner.
Periodic CSI-RS
We discuss the CSI-RS enhancements across SBFD symbols and non-SBFD symbols in different slots, assuming Option 2 for CSI-RS (i.e., one CSI-RS resource for a non-continuous CSI-RS allocation).
In our understanding, CSI reporting can work with either Option 2-1 and 2-2. From the signalling overhead perspective, Option 2-2 is preferred since it only requires a flag of non-continuous CSI-RS resource, if necessary. 
Proposal 19: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband(s) is supported.
In Option 2-2, there is another discussion point of whether implicit resource switching is supported. Figure 4 shows an example of the implicit resource switching. In Figure 4, the red boxes show respective four CSI-RS occasions with a single CSI-RS resource configuration according to Option 2-2. The CSI-RS resource includes full CSI-RS bandwidth. In the implicit resource switching, the CSI-RS bandwidth can be switched in slot-by-slot. For example, in slots 2, 10, and 14 where full bandwidth is available, the UE assumes the full bandwidth CSI-RS. On the other hand, in slot 6, the UE assumes non-continuous CSI-RS which is punctured in the UL subband and guard bands. 
From our perspective, the implicit resource switching is convenient. However, it has not many use cases because we don’t perform any averaging of two different CSI-RS occasions in the non-SBFD and SBFD regions. Those two CSI-RS occasions should be managed separately. Therefore, we think it’s good to clarify.
Proposal 20: Clarify that one CSI-RS resource is associated only either with non-SBFD or SBFD region.


Figure 4: Implicit resource switching of CSI-RS
PUCCH repetitions
PUCCH repetition is mapped to available uplink slots continuously starting at the first slot indicated or configured by the gNB where the UE refers to TDD pattern to determine availability of uplink slots. 
Figures 5 to 7 show examples of 8 repetitions for PUCCH repetition. Figure 5 shows an example in which the repetitions are transmitted in both the SBFD region and the legacy UL region. Repetitions are mapped continuously in the SBFD region and the legacy UL region, and they are not mapped in the legacy DL region. In this example, Rep#4 and Rep#5 leads to uplink resource fragmentation which has been discussed and addressed in Rel-17 RedCap. To reduce fragmentation, different frequency resource allocation for each region like Figure 6 may be considered further. In Figure 6, different starting RBs and different hopping offsets (i.e., Offset#0 and Offset#1) are provided for each region such that the repetitions are placed on the edge of each available uplink resource. Figure 7 is another example to reduce fragmentation in the legacy region, where the repetitions are mapped only in the SBFD region. In this example, we can keep the simplicity of transmission/reception procedure for repetition due to the aligned frequency resource.
There could be at least three alternatives for enhancements to PUCCH repetition as follows:
1. PUCCH repetitions are mapped to SBFD symbols and uplink symbols where a frequency resource allocation is applied to both symbol types
2. PUCCH repetitions are mapped to SBFD symbols and uplink symbols where different frequency resource allocations are applied to each symbol type
3. PUCCH repetitions are mapped only to SBFD symbols
Alt.1 has the best potential coverage enhancement and latency reduction. Therefore, we slightly prefer Alt.1. On the other hand, uplink resource fragmentation is severe since the repetition in the uplink symbols are at the middle of the carrier. Alt.2 solves the uplink resource fragmentation issue. Alt.3 also solves the uplink resource fragmentation issue. However, latency would increase. Therefore, we suggest Alt.2 for Rel-19 duplex.
Proposal 21: PUCCH repetitions are mapped to SBFD symbols and uplink symbols where different frequency resource allocations are applied to each symbol type.


Figure 5: Repetitions transmitted in both the SBFD region and the legacy UL region


Figure 6: Repetitions transmitted in both the SBFD region and the legacy UL region with different frequency resource for the SBFD region and the legacy UL region


Figure 7: Repetitions transmitted only in SBFD region
PUSCH repetitions
PUSCH repetitions including TBoMS share the same discussion as above. 
Configured PUCCH
Configured PUCCHs share the same discussion as above.
Configured PUSCH
Configured PUSCHs share the same discussion as above.
Conclusion
In this contribution, we have the following observation:
Observation 1: If handling two non-continuous segments of contiguous RBs would be challenging to be specified in Rel-19 duplex, single CSI-RS configuration in one CSI-RS is also challenging.
In this contribution, we have the following proposals:
Proposal 1: Confirm the working assumption that, for RRC connected UEs, at least cell-specific configuration on frequency location of SBFD subbands is supported within a TDD carrier.
Proposal 2: Deprioritize support of UE-specific configuration on time and/or frequency locations of SBFD subbands.
Proposal 3: For RRC connected mode UEs, SBFD subband time locations are configured within a period. At least when only one TDD-UL-DL pattern is configured, the period is the integer multiple of TDD-UL-DL pattern period. At least the integer being one is supported.
Proposal 4: When two TDD-UL-DL patterns are configured, the period is the integer multiple of the sum of the TDD-UL-DL pattern periods. At least the integer being one is supported.
Proposal 5: Frequency location of UL subband and the number of RBs for guardband(s), if any, are explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
Proposal 6: The start RB of the scs-specific carrier is the reference point for UL subband configurations. RIV-like signalling can be reused to indicate the start RB and the duration in terms of RBs.
Proposal 7: Disable the UL subbands in the TDD-UL-DL pattern period which overlaps with SSBs.
Proposal 8: Support both of the following.
· Option 1: UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).
· Option 2: link direction is indicated by gNB explicitly.
Proposal 9: No enhancements to collision handling of PDCCH monitoring occasions over UL subbands is expected in Rel-19 duplex WI.
Proposal 10: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s) is not pursued in Rel-19 duplex.
Proposal 11: Support that for SBFD aware UEs, the part of the DL RBG inside the DL subband can be used and the part of the RBG outside the DL subband cannot be used for DL reception at least for semi-static SBFD.
Proposal 12: RAN1 does not pursue enhancements to type 1 RA for PDSCH scheduled by DCI format 1_0 in CSS sets.
Proposal 13: For type 1 RA, support that for SBFD aware UEs, the part of the scheduled RBs inside the DL subband can be used and the part of the scheduled RBs outside the DL subband cannot be used for DL reception at least for semi-static SBFD.
Proposal 14: RAN1 discusses the two options for subband PRG related enhancements.
· Option 1: Support partial PRGs
· Option 2: UE assumes the whole PRG overlapping with the DL subband boundary as not available
Proposal 15: Do not increase the number of CSI-RS resources in one CSI-RS resource set for realizing a non-continuous CSI-RS resource.
Proposal 16: Partial CSI subband is supported.
Proposal 17: Wideband CSI for the two DL subbands is supported.
Proposal 18: Each PDSCH in multiple PDSCH transmission occasions in PDSCH repetition or SPS PDSCH mapped across SBFD symbols and non-SBFD symbols in different slots are handled in different manner.
Proposal 19: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband(s) is supported.
Proposal 20: Clarify that one CSI-RS resource is associated only either with non-SBFD or SBFD region.
Proposal 21: PUCCH repetitions are mapped to SBFD symbols and uplink symbols where different frequency resource allocations are applied to each symbol type.
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