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[bookmark: _Ref521334010]Introduction
For Rel-18 NR duplex evolution, the followings were agreed in last meeting for subband non-overlapping full duplex [1].
	Agreement
Study whether/how to inform the UE of the time and/or frequency location of subbands that gNB would use for SBFD operation.
Agreement
Study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation.
Agreement
At least study SBFD operation within a TDD carrier
Conclusion
For discussion purpose only, SBFD symbols is defined as symbols with subbands that gNB would use for SBFD operation. 
Conclusion
For discussion purpose, for SBFD operation within a TDD carrier, a SBFD subband consists of 1 RB or a set of consecutive RBs for the same transmission direction.
Agreement
The time and frequency location of subbands within a TDD carrier are not fixed in the specification.
· Subject to any RAN4 guidance on minimum or maximum subband and guardband size and subband location within TDD carrier. 
· Note that whether the time and/or frequency location of subbands are informed to UE is separately discussed.


In this contribution, we further discuss subband non-overlapping full duplex based on the above agreements and conclusions.
Discussion
General aspects of SBFD schemes
Framework
It was agreed in the last meeting to study whether/how to inform the UE of the time and/or frequency location of subbands that gNB would use for SBFD operation. It is proposed to consider the following alternatives.
· Alt 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.
· Alt 2:
· Time and frequency locations of subbands for SBFD operation are not known to UEs. 
· UE behaviors for non-SBFD capable UEs follow existing specifications.
· New UE behaviors are introduced for SBFD capable UEs to at least support overriding the link direction configured in TDD-UL-DL-ConfigCommon.
· Alt 3:
· Only time location of subbands for SBFD operation is known to SBFD capable UEs. 
· UE behaviors for non-SBFD capable UEs follow existing specifications.
· New UE behaviors are introduced for SBFD capable UEs to at least support overriding the link direction configured in TDD-UL-DL-ConfigCommon in SBFD symbols.
· Alt 4:
· Both time and frequency locations of subbands for SBFD operation are known to SBFD capable UEs. 
· UE behaviors for non-SBFD capable UEs follow existing specifications.
· New UE behaviors are introduced for SBFD capable UEs based on the time and frequency locations of subbands for SBFD operation.
Alt 1
For Alt 1, there is no differentiation between SBFD capable UEs and non-SBFD capable UEs. All the UEs do not know the time and frequency locations of subbands for SBFD operation and follow the existing UE behaviors for UL transmissions and DL receptions. 
From gNB’s perspective, SBFD symbols should be configured as flexible symbols in TDD-UL-DL-ConfigCommon, if provided, to enable both UL and DL transmissions in the same symbol. Existing UE behaviors to determine the transmission direction are reused, e.g., RRC configuration, SFI indication or DCI indication. 
For UEs capable of ue-SpecificUL-DL-Assignment (i.e. FG 5-1a), SBFD symbol can be configured as DL or UL symbol in TDD-UL-DL-ConfigDedicated, if provided. For UEs capable of dynamicSFI (i.e. FG 3-6), SBFD symbol can be indicated as DL or UL symbol in dynamic SFI, if provided. UE does not expect to transmit UL in DL symbol or to receive DL in UL symbol configured in TDD-UL-DL-ConfigDedicated or indicated in dynamic SFI.
For flexible symbols that are not configured/indicated as DL or UL in TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated or dynamic SFI if any, UE transmits UL or receive DL based on gNB’s configuration/scheduling and does not expect to be configured/scheduled to transmit UL and receive DL simultaneously.
Alt 2
For Alt 1, gNB has to configure SBFD symbols as flexible symbols in TDD-UL-DL-ConfigCommon. In order to keep the same TDD UL-DL configuration in TDD-UL-DL-ConfigCommon as in static TDD, Alt 2 supports new UE behaviors for SBFD capable UEs to override the link direction configured in TDD-UL-DL-ConfigCommon without informing UE the time and frequency location of subbands. The details of new UE behaviors need further discussion. An example is that SBFD capable UEs can be dynamically scheduled to transmit UL in DL symbols configured in TDD-UL-DL-ConfigCommon as shown in Figure 1 (left figure). 
Alt 3
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Compared with Alt 2, time location of subbands is known to SBFD capable UEs and SBFD capable UEs can only override the link direction configured in TDD-UL-DL-ConfigCommon in SBFD symbols for Alt 3. The details on how to indicate the time location of subbands can be further discussed. For example, a new TDD UL-DL configuration can be provided in SIB for SBFD capable UE which overrides some DL symbols configured in TDD-UL-DL-ConfigCommon to be flexible. Alternatively, existing signaling can be reused to indicate time location of subbands, e.g. to allow TDD-UL-DL-ConfigDedicated or dynamic SFI to override a DL or UL symbol configured in TDD-UL-DL-ConfigCommon to be flexible as shown in Figure 1 (right figure).
	

	
 

	Alt 2
	Alt 3


[bookmark: _Ref110525316]Figure 1: Examples of Alt 2 and Alt 3
Alt 4
In this alternative, both time and frequency locations of subbands are known to SBFD capable UEs and new UE behaviors based on the time and frequency locations of subbands are introduced for SBFD capable UEs. 
As an example of Alt 4 shown in Figure 2, SBFD symbols are configured as downlink symbols in TDD-UL-DL-ConfigCommon. In addition, time and frequency locations of UL subband are informed to SBFD capable UEs. The time and frequency locations of DL subbands can be explicitly informed to SBFD capable UEs or implicitly derived based on UL subband information potentially with guard band indication, which can be further discussed.
New UE behaviors based on the time and frequency locations of subbands depend on whether transmission in an opposite direction is allowed in a DL/UL subband, i.e. DL transmissions in an UL subband and/or UL transmissions in a DL subband. If both DL transmissions in an UL subband and UL transmissions in a DL subband are allowed, it seems that the time and frequency locations of subbands do not provide useful information to SBFD capable UEs and it is not clear what SBFD capable UEs can do by knowing the time and frequency locations of subbands. Therefore, the assumption is that at least transmission in an opposite direction is not allowed in UL subband or DL subband. 
If transmission in an opposite direction is not allowed in both DL and UL subbands, SBFD capable UEs neither transmit UL in DL subband nor receive DL in UL subband and enhancements on resource allocation and collision handling can be considered at UE side assuming an UL subband is for UL transmissions only and a DL subband is for DL receptions only. Intra-subband CLI can be avoided by aligning the subband configurations across different cells. Otherwise, if transmission in an opposite direction is not allowed in DL subband or UL subband, which can be viewed as further enhancements for better scheduling flexibility. However, intra-subband CLI would occur and enhancements on resource allocation and collision handling assuming an UL subband is for UL transmissions only and a DL subband is for DL receptions only cannot be achieved. It is proposed to consider the case that only UL transmissions are allowed in UL subband and only DL transmissions are allowed in DL subband as baseline.


[bookmark: _Ref110527005]Figure 2: Example for Alt 4
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Compared with Alt 1 which does not require specification efforts, Alt 2, 3 and 4 differentiate SBFD capable UEs from non-SBFD capable UEs and introduce new UE behaviors for SBFD capable UEs. The benefit of Alt 2 and Alt 3 compared with Alt 1 is mainly to keep the TDD UL-DL configuration in TDD-UL-DL-ConfigCommon unchanged which is quite limited if any. Therefore, we propose to prioritize Alt 1 and Alt 4.
Proposal 1: Study the following alternatives for SBFD operation with Alt 1 and Alt 4 prioritized.
· Alt 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.
· Alt 2:
· Time and frequency locations of subbands for SBFD operation are not known to UEs. 
· UE behaviors for non-SBFD capable UEs follow existing specifications.
· New UE behaviors are introduced for SBFD capable UEs to at least support overriding the link direction configured in TDD-UL-DL-ConfigCommon.
· Alt 3:
· Only time location of subbands for SBFD operation is known to SBFD capable UEs. 
· UE behaviors for non-SBFD capable UEs follow existing specifications.
· New UE behaviors are introduced for SBFD capable UEs to at least support overriding the link direction configured in TDD-UL-DL-ConfigCommon in SBFD symbols.
· Alt 4:
· Both time and frequency locations of subbands for SBFD operation are known to SBFD capable UEs. 
· UE behaviors for non-SBFD capable UEs follow existing specifications.
· New UE behaviors are introduced for SBFD capable UEs based on the time and frequency locations of subbands for SBFD operation.

Proposal 2: For Alt 4, consider the following cases with Case 1 as baseline.
· Case 1: UL transmissions in DL subband are not allowed and DL transmissions in UL subband are not allowed 
· Case 2: either DL transmissions in UL subband are allowed but UL transmissions in DL subband are not allowed or UL transmissions in DL subband are allowed but DL transmissions in UL subband are not allowed 

For SBFD operation, subband location can be semi-static or dynamic. For Alt 3 and Alt 4, whether the subband location is semi-static or dynamic would impact the signaling design. Compared with dynamic subband location, semi-static subband location can avoid/mitigate the intra-subband CLI easier and the signaling overhead can be smaller. Therefore, it is proposed to consider semi-static subband location as a baseline and further study dynamic subband location.
Proposal 3: Consider semi-static subband location as a baseline and further study dynamic subband location. 

The following schemes were proposed for SBFD operation as summarized in [2].
· Scheme #1: RB-set based SBFD
· Scheme #2: SUL based SBFD
· Scheme #3: BWP based SBFD
· Scheme #4: CA based SBFD
For scheme #1, a subband consists of a set of consecutive RBs within a BWP/carrier and there can be both UL and DL subbands in a same symbol within a BWP. For scheme #2, UL subband is configured by means of SUL configuration. For scheme #3, each subband is defined as one BWP and there will be no UL and DL resources in the same symbol within a BWP. For scheme #4, different subbands are configured as different CCs and there will be no UL and DL resources in the same symbol within a CC.
Among the four schemes, Scheme #1 and Scheme #3 are single carrier based schemes while Scheme #2 and Scheme #4 are multi-carrier based schemes. It was agreed in the last meeting to at least study SBFD operation within a TDD carrier. Compared with Scheme #1, Scheme #3 increases the UE complexity significantly since it requires UE to support multiple BWPs and potentially shorter BWP switching delay. As shown in Figure 3 (right figure), three subbands are configured as three BWPs. UEs supporting only one BWP cannot benefit from this scheme. To support dynamic change between these BWPs, BWP switching delay is a critical problem of this scheme and it is expected that shorter BWP switching delay or multiple active BWPs needs to be supported. In addition, Scheme #3 may potentially limit the UE throughput due to smaller BWP size. Therefore, it is proposed to prioritize Scheme #1.


  
Scheme #1 (RB-set based SBFD)                                         Scheme #3 (BWP-based SBFD)
[bookmark: _Ref111121396]Figure 3: Examples of Scheme #1 and Scheme #3
Observation 1: The following restrictions are observed for BWP based SBFD:
· Multiple BWPs should be supported by SBFD capable UEs.
· Shorter BWP switching delay or multiple active BWPs should be supported by SBFD capable UEs to reduce the interruption time.
· The UE throughput is reduced for SBFD capable UE due to smaller BWP size.
Proposal 4: For SBFD operation within a TDD carrier, study both RB-set based SBFD and BWP based SBFD and prioritize RB-set based SBFD operation where a subband consists of a set of consecutive RBs within a BWP/carrier and there can be both UL and DL subbands in a same symbol within a BWP.

For SBFD operation, the maximum number of subbands within a carrier should be discussed. Limit the number of subbands within a carrier would simplify both gNB and UE implementation, and it can reduce the guard band overhead needed between UL and DL subbands. Also, it may benefit for potential enhancement schemes (such as reduced signaling overhead, easier CLI handling scheme, etc.). Considering all the possible benefits, we propose to support up to three subbands within a carrier.
Proposal 5: For SBFD operation within a TDD carrier, support up to three subbands within a carrier.
Resource allocation
It was agreed to study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation. We provide our analysis below considering the presence of UL subband in legacy DL symbol.
PDSCH
With the presence of UL subband in legacy DL symbols, there are potential scheduling restrictions to avoid PDSCH to be overlapped with UL subband/guardband. As an example shown in Figure 4, when the subband/guardband boundary is not aligned with RBG boundary, an RBG may include RBs for DL and RBs for UL/guardband. To avoid PDSCH to be overlapped with UL subband and guardband, the RBG cannot be assigned for PDSCH with RA type 0 leading to waste of RB resource.


[bookmark: _Ref110613471]Figure 4: unaligned boundary between RBG and subband
For PDSCH RA type 1, for non-interleaved VRB-to-PRB mapping, only consecutive PRBs can be assigned for a PDSCH. If the DL frequency resources are segmented into two parts by an UL subband, a PDSCH can only be allocated within one DL subband to avoid overlapping with UL subband and guardband, which limits the DL throughput for a UE. For interleaved VRB-to-PRB mapping, there would be limitation/difficulty in RB allocation to avoid mapping the consecutive VRBs to PRBs in UL subband or guard band.
Note that the above issues for PDSCH resource allocation cannot be resolved by configuring rate matching resource since a UE is not expected to handle the case where PDSCH DMRS REs are overlapping with rate matching resources according to current specification.
For Alt 1, 2 and 3, no enhancements for SBFD capable UEs can be achieved given that UE does not know the frequency location of subbands. For Alt 4, if DL transmission in UL subband are not allowed, new UE behaviors can be defined for SBFD capable UEs to rate match PDSCH including DMRS around UL subband and guard band. If DL transmissions in UL subband are allowed, additional indication is needed for UE to determine whether to rate match PDSCH including DMRS around UL subband.
Observation 2: There are potential scheduling restrictions to avoid PDSCH to be overlapped with UL subband/guardband which may degrade UE DL throughput and/or spectrum efficiency.
· No enhancements for Alt 1, 2, 3.
· The scheduling restrictions can be avoided for Alt 4 by rate matching around UL subband/guard band.
PUSCH
Similar as PDSCH, there are potential scheduling restrictions to avoid PUSCH to be overlapped with DL subband/guardband. For PUSCH RA type 0, same issue as shown in Figure 4 exists when the UL subband boundary is not aligned with RBG boundary. For PUSCH RA type 1, there would be limitation for PUSCH frequency hopping to avoid the case that the second hop is out of UL subband.
For Alt 1, 2 and 3, no enhancements for SBFD capable UEs can be achieved given that UE does not know the frequency location of subbands. For Alt 4, UE can derive the RBs for PUSCH within the UL subband. To be more specific, for a RBG including RBs within UL subband and without UL subband, only RBs within UL subband are included. For PUSCH FH, the RBs for the second hop is determined based on the UL subband so that the second hop is always within the UL subband.
Observation 3: There are potential scheduling restrictions to avoid PUSCH to be overlapped with DL subband/guardband which may degrade PUSCH performance and/or spectrum efficiency.
· No enhancements for Alt 1, 2, 3.
· The scheduling restrictions can be avoided for Alt 4 by deriving the PUSCH resource within the UL subband.
Slot aggregation
For slot aggregation across SBFD slot and full UL/DL slot, the available resources for PDSCH/PUSCH may vary across slots as shown in Figure 5. There would be scheduling/configuration restrictions to avoid PDSCH in all the aggregated slots to be overlapped with UL subband and/or to avoid PUSCH in all the aggregated slots to be overlapped with DL subband.


[bookmark: _Ref111035987]Figure 5: Restriction for slot aggregation
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For Alt 1, 2 and 3, no enhancements for SBFD capable UEs can be achieved given that UE does not know the frequency location of subbands. For Alt 4, UE can independently determine the available resources in each slot based on the subband location.
Observation 4: There are potential scheduling restrictions to avoid PDSCH with slot aggregation to be overlapped with UL subband/guardband in each slot and/or to avoid PUSCH with slot aggregation to be overlapped with DL subband/guardband in each slot.
· No enhancements for Alt 1, 2, 3.
· The scheduling restrictions can be avoided for Alt 4 by independently determining the available resources in each slot based on the subband time and frequency location.
PUCCH
For PUCCH resource allocation, if UE cannot distinguish SBFD slot and full UL slot, the PUCCH configuration needs to consider both SBFD slot and full UL slot in one PUCCH resource set, which would degrade the flexibility in PUCCH resource allocation. 
One possible enhancement is to increase the number of PUCCH resources within a PUCCH resource set, but it would increase the DCI overhead with larger PRI bit field. Alternatively, separate PUCCH configurations for SBFD symbols and UL symbols can be considered, which is applicable to Alt 3 and Alt 4 but not applicable to Alt 1 and Alt 2.
Observation 5: There are potential scheduling restrictions for PUCCH via a single PUCCH configuration for SBFD symbols and non-SBFD symbols.
· DCI overhead would be increased if the number of PUCCH resources is increased.
· The scheduling restrictions can be avoided for Alt 3 and 4 via separate PUCCH configurations for SBFD symbols and UL symbols without increasing DCI overhead.
CSI-RS and CSI reporting
It is not allowed to configure non-contiguous CSI-RS in frequency domain for one CSI report according to current specification. With an UL subband in the inner part of a BWP, more than one CSI report should be configured for UE to get CSI for different DL subbands. Configure multiple CSI reports for different DL subbands would increase the limitation for CSI report configuration if the total number of CSI reports is not increased for a UE. 
In addition, the subband boundary for CSI reporting may not be aligned with DL subband boundary so that the CSI report for the CSI subband at the edge of DL subband(s) may be not accurate.
For Alt 1, 2 and 3, no enhancements for SBFD capable UEs can be achieved given that UE does not know the frequency location of subbands. For Alt 4, UE can derive the CSI-RS within DL subband based on the subband location.
Observation 6: Non-contiguous CSI-RS resource configuration for one CSI report is not supported and the CSI report for subband at the edge of DL subband(s) which are not aligned with DL subband boundary is not accurate.
· No enhancements for Alt 1, 2, 3.
· Enhancements for Alt 4 via deriving the CSI-RS within DL subband based on the subband location can be considered.
SRS
For SRS resource configuration, at most two SRS resource sets can be configured with usage set to 'codebook' in current specification, and each resource set corresponds to one TRP. In addition, power control parameters are configured for each SRS resource set. 
For SBFD, interference in SBFD symbol and full UL symbol may be different, hence the channel condition is different and different power may be needed for SRS in SBFD symbol and full UL symbol. It is beneficial that different SRS resource sets can be configured for SBFD symbols and UL symbols.
For Alt 1 and 2, no enhancements for SBFD capable UEs can be achieved given that UE does not know the time location of subbands. For Alt 3 and 4, enhancements can be considered, e.g. separate SRS resource configurations for SBFD symbols and UL symbols.
Observation 7: Separate SRS power control in SBFD symbols and non-SBFD symbols cannot be supported via a single SRS resource configuration.
· No enhancements for Alt 1, 2.
· [bookmark: _GoBack]Separate SRS power control in SBFD symbols and non-SBFD symbols can be supported via separate SRS resource configurations for SBFD symbols and non-SBFD symbols for Alt 3 and 4.
In summary, there are many restrictions in terms of resource allocation if subband location is not known to UEs. With knowledge of time location of subbands, some enhancements can be considered by differentiating SBFD symbols and non-SBFD symbols. With knowledge of both time and frequency location of subbands, further enhancements can be considered in frequency domain which achieves better scheduling flexibility and resource utilization.
[bookmark: OLE_LINK7]Observation 8: There are many restrictions in terms of resource allocation if subband location is not known to UEs.

Collision handling
For SBFD operation, half-duplex operation is assumed at UE side hence the UE behavior for collision handling between DL reception and UL transmission should be discussed.
Collision between RO and DL reception
For SBFD operation, we need to discuss whether SBFD operation in PRACH symbols is supported, e.g. PRACH transmissions in UL subband in legacy DL symbols.
[bookmark: OLE_LINK15][bookmark: OLE_LINK22]It was discussed in [3] that whether UE should receive DL or transmit PRACH when the DL overlaps with valid RO. There was no consensus and it is not a critical issue in static TDD since PRACH is expected to be configured in semi-static UL symbols. However, the uncertainty of the UE behaviour means that SBFD operation in PRACH symbols are not feasible at least for Alt 1. For other alternatives, new UE behaviors can be introduced for SBFD capable UEs to support DL reception in PRACH symbols.
Observation 9: SBFD operation in PRACH symbols is not feasible at least for Alt 1.
Proposal 6: Discuss whether SBFD operation in PRACH symbols is supported.

Collision between SSB and UL transmission
For SBFD operation, we need to discuss whether SBFD operation in SSB symbols is supported. If it is supported, more UL resources can be provided to reduce the UL latency and improve UL coverage. Meanwhile, it would require UE to transmit UL in SSB symbols and the measurement accuracy of SSB may be negatively impacted due to inter-subband CLI.
UE is not expected to transmit UL in SSB symbols according to the current specification, since the SSB is not only used for initial access, but may also be used for BFR or RLF so that UE may need to measure SSB from time to time. So SBFD operation in SSB symbols is not feasible at least for Alt 1. For other alternatives, if SBFD operation in SSB symbols is supported, new UE behaviors can be introduced for SBFD capable UEs to support UL transmission in SSB symbols.
Observation 10: SBFD operation in SSB symbols is not feasible at least for Alt 1.
Proposal 7: Discuss whether SBFD operation in SSB symbols is supported.

Collision between UL transmission and DL reception
For Alt 1, existing rules are reused for collision handling between DL and UL. For other alternatives, potential new rules for collision handling between DL and UL can be further considered. 
Proposal 8: For collision between UL transmission and DL reception, study potential enhancements to determine the transmission direction.
Initial access
Initial access in UL subband was proposed and briefly discussed in the last meeting. There are potential benefits in terms of latency if initial access in UL subband is supported.
As discussed in section 2.1.3, SBFD operation in PRACH symbols are not feasible at least for Alt 1. For other alternatives, new UE behaviors can be introduced for SBFD capable UEs to support DL reception in PRACH symbols.
If time and frequency locations of subbands are not known to UEs before initial access, there are potential issues for Msg3 PUSCH frequency hopping and PUCCH transmission within the UL subband. As shown in Figure 6, the frequency resource of the second hop determined based on initial UL BWP may be located out of UL subband. In this case, gNB has to disable frequency hopping which may degrade the performance of Msg 3 PUSCH. For PUCCH transmission before UE has dedicated PUCCH resource configuration, the PUCCH resource determined based on intial UL BWP may be out of UL subband.


[bookmark: _Ref111128251]Figure 6: Issues of Msg3 PUSCH frequency hopping and PUCCH transmission in initial access
Observation 11: RBs for Msg 3 PUSCH and PUCCH during initial access may be out of UL subband if time and frequency location of UL subband is not known to the UE.
SBFD specific CLI handling
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]SBFD specific CLI includes gNB self-interference and gNB-gNB and UE-UE inter-subband CLI. An LS to RAN4 was agreed in [4] asking about the interference modelling of gNB self-interference and inter-subband CLI. From RAN1 perspective, the following CLI handling schemes can be considered.
gNB-gNB inter-subband CLI handling
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]For gNB-gNB inter-subband CLI handling, CLI measurement  and report between gNBs can be considered.
Victim gNB can measure the interference power in UL subband due to aggressor gNB’s transmission in DL subband. In order to get more accurate measurement results, victim gNB should avoid transmitting in DL subband and some resources in UL subband are reserved for measurement only.
Proposal 9: For gNB-gNB inter-subband CLI handling, further study CLI measurement and report between gNBs.

UE-UE inter-subband CLI handling
For UE-UE CLI handling between UEs belonging to same/different  cells, UE measurement of  the interference from UL subband in DL subband and CLI measurement report to gNB can be studied. 
Victim UE can measure the interference power in DL subband due to aggressor UE’s transmission in UL subband. In order to get more accurate measurement results, some resources in DL subband are reserved for measurement only. L1 based UE-to-UE CLI report can be studied, e.g. as a new CSI reportQuantity in CSI report, and the existing CSI-RS resources can be reused for CLI measurement.
Proposal 10: For UE-UE inter-subband CLI handling, further study L1 based CLI measurement and report.
Conclusion
In this contribution, we discuss subband non-overlapping full duplex and give the following observations and proposals.
Observation 1: The following restrictions are observed for BWP based SBFD:
· Multiple BWPs should be supported by SBFD capable UEs.
· Shorter BWP switching delay or multiple active BWPs should be supported by SBFD capable UEs to reduce the interruption time.
· The UE throughput is reduced for SBFD capable UE due to smaller BWP size.
Observation 2: There are potential scheduling restrictions to avoid PDSCH to be overlapped with UL subband/guardband which may degrade UE DL throughput and/or spectrum efficiency.
· No enhancements for Alt 1, 2, 3.
· The scheduling restrictions can be avoided for Alt 4 by rate matching around UL subband/guard band.
Observation 3: There are potential scheduling restrictions to avoid PUSCH to be overlapped with DL subband/guardband which may degrade PUSCH performance and/or spectrum efficiency.
· No enhancements for Alt 1, 2, 3.
· The scheduling restrictions can be avoided for Alt 4 by deriving the PUSCH resource within the UL subband.
Observation 4: There are potential scheduling restrictions to avoid PDSCH with slot aggregation to be overlapped with UL subband/guardband in each slot and/or to avoid PUSCH with slot aggregation to be overlapped with DL subband/guardband in each slot.
· No enhancements for Alt 1, 2, 3.
· The scheduling restrictions can be avoided for Alt 4 by independently determining the available resources in each slot based on the subband time and frequency location.
Observation 5: There are potential scheduling restrictions for PUCCH via a single PUCCH configuration for SBFD symbols and non-SBFD symbols.
· DCI overhead would be increased if the number of PUCCH resources is increased.
· The scheduling restrictions can be avoided for Alt 3 and 4 via separate PUCCH configurations for SBFD symbols and UL symbols without increasing DCI overhead.
Observation 6: Non-contiguous CSI-RS resource configuration for one CSI report is not supported and the CSI report for subband at the edge of DL subband(s) which are not aligned with DL subband boundary is not accurate.
· No enhancements for Alt 1, 2, 3.
· Enhancements for Alt 4 via deriving the CSI-RS within DL subband based on the subband location can be considered.
Observation 7: Separate SRS power control in SBFD symbols and non-SBFD symbols cannot be supported via a single SRS resource configuration.
· No enhancements for Alt 1, 2.
· Separate SRS power control in SBFD symbols and non-SBFD symbols can be supported via separate SRS resource configurations for SBFD symbols and non-SBFD symbols for Alt 3 and 4.
Observation 8: There are many restrictions in terms of resource allocation if subband location is not known to UEs.
Observation 9: SBFD operation in PRACH symbols is not feasible at least for Alt 1.
Observation 10: SBFD operation in SSB symbols is not feasible at least for Alt 1.
Observation 11: RBs for Msg 3 PUSCH and PUCCH during initial access may be out of UL subband if time and frequency location of UL subband is not known to the UE.

Proposal 1: Study the following alternatives for SBFD operation with Alt 1 and Alt 4 prioritized.
· Alt 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.
· Alt 2:
· Time and frequency locations of subbands for SBFD operation are not known to UEs. 
· UE behaviors for non-SBFD capable UEs follow existing specifications.
· New UE behaviors are introduced for SBFD capable UEs to at least support overriding the link direction configured in TDD-UL-DL-ConfigCommon.
· Alt 3:
· Only time location of subbands for SBFD operation is known to SBFD capable UEs. 
· UE behaviors for non-SBFD capable UEs follow existing specifications.
· New UE behaviors are introduced for SBFD capable UEs to at least support overriding the link direction configured in TDD-UL-DL-ConfigCommon in SBFD symbols.
· Alt 4:
· Both time and frequency locations of subbands for SBFD operation are known to SBFD capable UEs. 
· UE behaviors for non-SBFD capable UEs follow existing specifications.
· New UE behaviors are introduced for SBFD capable UEs based on the time and frequency locations of subbands for SBFD operation.
Proposal 2: For Alt 4, consider the following cases with Case 1 as baseline.
· Case 1: UL transmissions in DL subband are not allowed and DL transmissions in UL subband are not allowed 
· Case 2: either DL transmissions in UL subband are allowed but UL transmissions in DL subband are not allowed or UL transmissions in DL subband are allowed but DL transmissions in UL subband are not allowed 
Proposal 3: Consider semi-static subband location as a baseline and further study dynamic subband location. 
Proposal 4: For SBFD operation within a TDD carrier, study both RB-set based SBFD and BWP based SBFD and prioritize RB-set based SBFD operation where a subband consists of a set of consecutive RBs within a BWP/carrier and there can be both UL and DL subbands in a same symbol within a BWP.
Proposal 5: For SBFD operation within a TDD carrier, support up to three subbands within a carrier.
Proposal 6: Discuss whether SBFD operation in PRACH symbols is supported.
Proposal 7: Discuss whether SBFD operation in SSB symbols is supported.
Proposal 8: For collision between UL transmission and DL reception, study potential enhancements to determine the transmission direction.
Proposal 9: For gNB-gNB inter-subband CLI handling, further study CLI measurement and report between gNBs.
Proposal 10: For UE-UE inter-subband CLI handling, further study L1 based CLI measurement and report.
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