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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].
	Conclusion
The following RAN1 observation is made:
One motivation for allowing that a slot can consist of both SBFD and non-SBFD symbols is for compatibility with symbol-level TDD UL/DL configuration.
Frequent switching between SBFD and non-SBFD symbols may increase the implementation complexity and interruptions of transmissions/receptions during transition. 
· Further study whether limitation(s) on the maximum number of switching points between SBFD and non-SBFD symbols within a slot, a TDD UL/DL pattern period, and/or semi-static SBFD configuration period (if different from TDD UL/DL pattern period) are needed
· Further study scenarios a guard period between SBFD and non-SBFD symbols is required/not required and the length of the guard period if required
Note: Whether or not a physical channel/signal occasion is mapped to both SBFD and non-SBFD symbols within a slot is a separate discussion.

Agreement
At least for semi-static SBFD, the following two options are viable solutions for frequency location configuration of DL subband(s) and guardband(s) if any.
· 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). 
· 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).

Agreement
If PRG is determined as wideband, study the following two options:
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· FFS: Precoding assumption within and across the two DL subbands
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
The study should include the impact on UE complexity

Agreement
For UE-to-UE CLI-RSSI measurement/report across downlink subbands, study the following methods:
· Method#1: separate CLI-RSSI measurement resources/reports in each DL subband
· Note: supported in existing specifications
· Method#2: CLI-RSSI measure/report in one DL subband only
· Note: supported in existing specifications
· Method#3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
· FFS: report single or separate CLI-RSSI report(s) 
· FFS: details on determination of non-contiguous CLI-RSSI resource allocation 

Agreement
Endorse the text proposal in R1-2303639 for the TR with the following update.
	6.1.1.3  SBFD operation in symbols configured as flexible in TDD-UL-DL-ConfigCommon
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the following optionsalternatives are studied for SBFD aware UEs,
OptionAlt 1: 
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· FFS: Whether DL receptions outside DL subband(s) are allowed or not in the symbol
OptionAlt 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol




Agreement
For SBFD-aware UEs, Option 1 with update is agreed for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands for better resource utilization. 
For an RBG that overlaps the subband boundary,
· Option 1 (with update): 
· The Part of the DL RBG inside the DL subband can be used
· The Part of the UL RBG inside the UL subband can be used

Agreement
For semi-static SBFD, a SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband(s) that the UE is aware of.
· FFS: Measurement in guardband for the purpose of CLI measurement

Agreement
· For semi-static SBFD, 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.
· For semi-static SBFD, 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).

Conclusion
For the two options agreed in RAN1#112 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 observations are agreed.
· 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.

Agreement
For inter-UE inter-subband CLI measurement, study Method#2 and Method#3 considering:
· Necessity/benefit compared with measurement within DL subband
· Whether/how to estimate CLI from RSRP/RSSI measurements within UL subband / guardband
· Whether UE is required to measure RSRP/RSSI within UL subband and receive DL in DL subband(s) simultaneously
· Whether existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband
· If not, identify the potential impact

Conclusion
Time misalignment at gNB between UL receptions and DL transmissions due to configuration of non-zero NTA,offset at UE can lead to increased interference assuming no gNB transmit chain side impairments and no filtering of DL subband(s) in the gNB Rx chain.
· FFS the case with gNB transmit chain impairments and/or filtering of DL subband(s) in the gNB Rx chain
· FFS whether/how to mitigate the interference increase, including impact to legacy UEs

Agreement
Study the following options for SBFD operation in SSB symbols.
· Option 1: UL subband cannot be configured in an SSB symbol
· FFS handling of misaligned periodicities between SSB and semi-static SBFD subband time location configuration
· Option 2: An UL subband can be configured in an SSB symbol
· FFS whether/when and/or under which conditions an SBFD-aware UE transmits in the UL subband or may receive SSB in the symbol.

Agreement
Study whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, and whether a UE can transmit/receive in the occasion mapped to SBFD symbols and non-SBFD symbols including:
· Use-case(s) including the locations and number of switching points of the SBFD and non-SBFD symbols in the slot.
· Potential benefits if any
· Phase continuity
· Potential interruption of transmissions/receptions during transition
· Required guard time if any
· Potential impact on performance
· Impact on link adaptation, channel estimation, and other procedures
· UL transmission timing if any
· Implementation complexity
· Applicability for SBFD aware UE and non-SBFD aware UEs
· NOTE: There are more than one scenario where a transmission overlaps SBFD and non-SBFD symbols and some may or may not face the aspects listed above
· NOTE: This study doesn’t mean RAN1 agreement on a slot consisting of SBFD and non-SBFD symbols. 

Conclusion
For the options agreed to study in RAN1#112 for frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, the following observations are agreed.
· For all the options, there is no impact on CSI-RS sequence generation.
· Option 1 requires additional signalling to link two CSI-RS resources in two DL subbands. 
· Option 2-1 requires new RRC structure to configure non-contiguous RBs for one CSI-RS resource, which may require additional signalling overhead. 
· Option 2-2 can reuse the existing signalling design for CSI-RS resource configuration. Option 2-2 can be used to resolve the potential unaligned boundaries between CSI-RS resource configuration and SBFD subbands
· Further discussion is required on the UE complexity due to:
· UE capability of maximum number of configured CSI-RS resources
· Processing non-contiguous CSI-RS

Agreement
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and non-SBFD symbols:
· Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
· Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
· Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
· Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
· Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
· Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.
· FFS impact on UE CSI processing and reporting timeline
Note: Whether the CSI-RS resource can be used for SBFD and non-SBFD symbols may depend on, e.g., gNB implementation of same/different antenna configuration in both symbols. 
Option 1-1 can be supported according to existing specification by gNB configuration of appropriate periodicities to ensure that the CSI-RS associated with each CSI-ReportConfig is confined to either SBFD symbols or non-SBFD symbols only. But it may restrict the gNB configuration flexibility and enhancements can be considered by additional indication or rules to determine the CSI-RS is valid within one symbol type and is invalid in the other symbol type.
Option 2-2 can be supported according to existing specification to configure measurement restriction so that UE would not average CSI measurements across SBFD and non-SBFD symbols.

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

Agreement
For the case that: 
(a) The monitoring periodicity of a search space is such that different monitoring occasions in different slots occur in SBFD and non-SBFD symbols, respectively, and,
(b) The associated CORESET overlaps the boundary of a DL subband in SBFD symbols
Consider whether/how the above could be supported considering both existing tools in specifications on CORESET and search space configuration as well as at least the following options for potential enhancement for SBFD-aware UE:
· 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
Note: Whether these enhancements are applicable to only USS or also CSS


In this contribution, we further discuss subband non-overlapping full duplex based on the above agreements.
Discussion
[bookmark: _GoBack]General aspects of SBFD schemes
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK12][bookmark: OLE_LINK13]SBFD operation in downlink/flexible symbols configured by TDD-UL-DL-ConfigCommon
For SBFD operation in symbols configured as DL in TDD-UL-DL-ConfigCommon, it was agreed to further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not for SBFD aware UEs based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
For SBFD operation in symbols configured as flexible in TDD-UL-DL-ConfigCommon, it was agreed to further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon for SBFD aware UEs based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed
For SBFD operation in symbols configured as DL/flexible in TDD-UL-DL-ConfigCommon, Option 1 is semi-static SBFD where intra-subband CLI can be completely avoided by aligning subband configurations among neighbouring cells, which is aligned with deployment Case 1 evaluated in AI 9.3.1. Option 2 and Option 3 allow the transmission direction to be changed dynamically, which can be called as dynamic SBFD. Intra-subband CLI cannot be avoided for this case.
To evaluate the gain of dynamic SBFD, the performances of the following schemes are compared for indoor hotspot scenario in FR1.
· Legacy TDD: legacy TDD with UL/DL configuration of DDDSU (S slot: 12D:2S:0U)
· Semi-static SBFD: Semi-static SBFD with UL/DL configuration of DXXXU
· Dynamic TDD: Dynamic TDD with UL/DL configuration of FFFFU, where F slots are dynamically determined to be either UL or DL every 5 slots
· Dynamic SBFD case 1 (Option 2): Dynamic SBFD with UL/DL configuration of XXXXU, where X slots can be dynamically determined to be either X or DL every 5 slots
· Dynamic SBFD case 2 (Option 3): Dynamic SBFD with UL/DL configuration of XXXXU, where X slots can be dynamically determined to be either X, DL or UL every 5 slots
Table 1 and Table 2 below show the gain/loss of dynamic SBFD case 1 and dynamic SBFD case 2 compared with legacy TDD, semi-static SBFD and dynamic TDD respectively. 
[bookmark: _Ref131780337]Table 1: Gain/loss of dynamic SBFD case 1
	Baseline
	DL/UL
	Low load
	Median load
	High load

	
	
	5%
	95%
	Mean
	5%
	95%
	Mean
	5%
	95%
	Mean

	Legacy TDD
	DL
	-2%
	-5%
	-2%
	-8%
	5%
	-2%
	-14%
	-3%
	-4%

	
	UL
	67%
	-3%
	27%
	45%
	36%
	41%
	56%
	34%
	42%

	Semi-static SBFD
	DL
	29%
	26%
	24%
	22%
	27%
	20%
	11%
	10%
	10%

	
	UL
	-9%
	-18%
	-12%
	-18%
	-16%
	-15%
	-8%
	-16%
	-10%

	Dynamic TDD
	DL
	6%
	7%
	9%
	6%
	11%
	8%
	5%
	6%
	6%

	
	UL
	-11%
	-3%
	-3%
	-21%
	-5%
	-8%
	-21%
	-1%
	-4%



[bookmark: _Ref134440367]Table 2: Gain/loss of dynamic SBFD case 2
	Baseline
	DL/UL
	Low load
	Median load
	High load

	
	
	5%
	95%
	Mean
	5%
	95%
	Mean
	5%
	95%
	Mean

	Legacy TDD
	DL
	-6%
	-8%
	-8%
	-12%
	-3%
	-7%
	-16%
	-7%
	-8%

	
	UL
	96%
	6%
	36%
	93%
	54%
	60%
	101%
	39%
	51%

	Semi-static SBFD
	DL
	24%
	23%
	17%
	17%
	17%
	14%
	9%
	5%
	5%

	
	UL
	7%
	-11%
	-6%
	10%
	-4%
	-3%
	19%
	-13%
	-5%

	Dynamic TDD
	DL
	2%
	5%
	3%
	1%
	2%
	2%
	2%
	2%
	2%

	
	UL
	4%
	6%
	4%
	5%
	8%
	5%
	2%
	3%
	2%



The following are observed based on the simulation results:
· Compared with semi-static SBFD, both dynamic SBFD case 1 and dynamic SBFD case 2 outperform in DL but degrades the performance in  UL;
· Compared with dynamic TDD, dynamic SBFD case 1 outperforms in DL but degrades the performance in UL; dynamic SBFD case 2 brings limited benefit in both DL and UL.
In general, dynamic SBFD does not bring significant performance gain for the whole system. In addition, additional signalling overhead is needed for dynamic indication, and the complexity for gNB and UE would be increased for dynamically changing the subbands position. Hence, semi-static SBFD should be studied as baseline for SBFD aware UEs.
[bookmark: _Ref135041185]Observation 1: The following are observed based on system simulation results:
· Compared with semi-static SBFD, dynamic SBFD outperforms in DL but degrades the performance in UL;
· Compared with dynamic TDD, dynamic SBFD case 1 (Option 2) outperforms in DL but degrades the performance in UL; dynamic SBFD case 2 (Option 3) brings limited benefit in both DL and UL.
[bookmark: _Ref135041561]Proposal 1: For a SBFD aware UE semi-statically configured with UL subband in a symbol configured as DL in TDD-UL-DL-ConfigCommon, it is agreed as baseline that DL receptions outside semi-statically configured DL subband(s) are not allowed.
[bookmark: _Ref135041566]Proposal 2: For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, it is agreed as baseline that DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed.
Enhancements to resource allocation
RBG size 
For RBG for PDSCH/PUSCH RA type 0, the following options were discussed in previous meeting for RBG size determination for SBFD-aware UEs [2]:
· Option 1: RBG size is determined based on size of DL/UL BWP
· Option 2: RBG size is determined based on size of DL/UL subband(s)
For option 1, RBG size determination is the same as legacy UE, which would be the same in SBFD symbols and non-SBFD symbols. But if the RBG size is large and the subband size is small, it would cause low efficiency scheduling.
For option 2, it is not clear whether the RBG size determined based on size of DL/UL subband(s) is applied for SBFD symbols only or for both SBFD symbols and non-SBFD symbols. If it is for both SBFD symbols and non-SBFD symbols, the size of FDRA field in DCI may increase since a smaller RBG size based on size of DL/UL subband(s) compared with the RBG size based on the size of DL/UL BWP may be used for a certain BWP. In addition, the necessity for a smaller RBG size for non-SBFD symbols is also not clear. Otherwise if the RBG size determined based on size of DL/UL subband(s) is for SBFD symbols only, there can be two RBG sizes for SBFD symbols and non-SBFD symbols respectively. How to determine FDRA field size needs to be considered. If a PDSCH/PUSCH transmission can be mapped to SBFD symbols and non-SBFD symbols, it is not clear which RBG size should be applied.
[bookmark: _Ref135041441]Observation 2: RBG size determined based on size of DL/UL BWP is the same as in current specification with potential large RBG size in small DL/UL subband(s) in SBFD symbols.
[bookmark: _Ref135041449]Observation 3: RBG size determined based on size of DL/UL subband(s) can avoid large RBG size in small DL/UL subband(s) in SBFD symbols.
· If the RBG size is applied for both SBFD symbols and non-SBFD symbols, the FDRA field size may increase; 
· If the RBG size is applied for SBFD symbols only, the following issues need to be considered.
· How to determine FDRA field size
· RBG size if a PDSCH/PUSCH transmission can be mapped to SBFD symbols and non-SBFD symbols

PRG of PDSCH
PRG was defined for PDSCH PRB bundling. The size of PRG can be configured as one of {2, 4, wideband} and each PRG consists of consecutive PRBs. The same precoder is assumed by UE for the PRBs in the same PRG. The following issues were agreed to be studied for SBFD-aware UEs:
· PRG(s) with size of 2 and 4 that overlaps with subband boundary 
· Wideband precoder in case of non-contiguous DL subbands
When the subband/guardband boundary is not aligned with PRG boundary, a PRG may include RBs within and outside DL subband. During the discussions in RAN1#112bis-e, majority companies support to use the part of DL PRG inside the DL subband while one company raised concern on UE implementation complexity increase. There can be up to two partial PRGs at BWP boundaries if the BWP boundaries are not aligned with PRG grid. In addition, the RB allocation with RA type 1 may not be aligned with PRG boundary leading to up to two partial PRGs. In both cases, UE only considers PRBs that are actually used for transmission for joint channel estimation. For SBFD subband partition case ‘DU’, there are at most two partial PRGs for a PDSCH reception which is the same as in existing specification so UE complexity is not expected to be increased. For SBFD subband partition case ‘DUD’, there can be up to four partial PRGs in case of non-contiguous resource allocation across two DL subbands. However, it does not necessarily increase UE implementation complexity considering that UE is expected to perform channel estimation for each PRG sequentially and a full or partial PRG may not have much impact on the complexity.
[bookmark: _Ref135041454]Observation 4: For PRG(s) with size of 2 and 4 that overlaps with subband boundary, UE only considers PRBs that are actually used for transmission for joint channel estimation, i.e. RBs outside DL subband(s) are not considered.

If PRG is determined as wideband, the following two options were agreed for study in last meeting as below:
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· FFS: Precoding assumption within and across the two DL subbands
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
In current specification, when PRG is determined as wideband, only contiguous RB allocation is expected and UE assume that the same precoder applies across the allocated RBs. Then, UE can do joint channel estimation based on allocated contiguous RBs. For Option 1, non-contiguous FDRA across DL subbands is supported and new UE behavior should be defined. Considering that the channel conditions on non-contiguous frequency domain resources across two DL subbands may be very different, gNB may want to use different precoders in different DL subbands. From UE perspective, joint channel estimation across two DL subbands is not expected due to performance degradation and complexity increase so same precoder should not be assumed across the two DL subbands. For contiguous frequency resource within each DL subband, the current UE behavior can be reused and same precoding can be assumed. Hence, same precoder should be assumed within each DL subband. For option 2, the current specification could be reused, but there is scheduling limitation for UE in SBFD symbols, which would impact the DL peak data rate in SBFD symbols. We prefer option 1 to reduce the limitation for downlink scheduling.
[bookmark: _Ref135041457]Observation 5: If UE is not expected to be scheduled with PRBs in both DL subbands in SBFD symbols when wideband PRG is configured, the DL peak data rate in SBFD symbols would be reduced.
[bookmark: _Ref135041570]Proposal 3: If wideband PRG is configured and non-contiguous RBs across two DL subbands but contiguous frequency resource within each DL subband are allocated for PDSCH, SBFD-aware UEs assume the same precoder is applied to the allocated resource in each DL subband in SBFD symbols.
Transmissions and receptions across SBFD symbols and non-SBFD symbols
Considering the different available resources in SBFD symbols and non-SBFD symbols, it was agreed in last meeting to study the following frequency resource allocation options 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) for PDSCH, CSI-RS, PUSCH, PUCCH, SRS for SBFD-aware UEs：
· 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.
Option 1-1 would increase the signalling overhead, it is not preferred at least for dynamic transmission to avoid introducing additional FDRA field in DCI. Both Option 1-2 and Option 1-3 provide single FDRA configuration/ indication. Option 1-2 needs additional rules to determine two separate frequency resources based on the single FDRA configuration/indication, e.g., allocated RBs in SBFD and non-SBFD symbols are determined based on the boundary of subband and BWP respectively, but the allocated RBs in SBFD symbols may be out of subband, and the gNB scheduling is limited in this case since the RB offset between SBFD symbols and non-SBFD symbols is fixed.  Option 1-3 needs an additional signalling to indicate the RB offset(s), separate FDRA can be determined based on the indicated RB offset. The signalling overhead could be smaller than Option 1-1 but is less flexible compared with Option 1-1. Option 1-3 increases scheduling flexibility compared with Option 1-2.
Option 2 requires additional specification efforts to define new rate matching pattern or new rules to puncture on the RBs outside DL/UL subbands. Puncture scheme is not preferred for PDSCH/PUSCH/PUCCH since it may degrade the performance especially when the RBs outside DL/UL subbands occupy a large portion of the total resources for DL/UL channels/signals. Rate matching cannot be used for PUCCH repetition when polar coding is used since gNB cannot combine the repetitions with different coding rate.
Option 3 may increase the transmission/reception latency if the transmission/reception in SBFD symbol is postponed and may degrade the performance if the transmission/reception in SBFD symbol is dropped.
[bookmark: _Ref135041462]Observation 6: For the three options agreed in RAN1#112bis-e for frequency resource allocation 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 are observed:
· Option 1-1 would increase the signalling overhead; Option 1-2 need additional rules to determine two different frequency resources based on the single FDRA configuration/indication, which need additional specification efforts; Option 1-3 need an additional signalling to indicate the RB offset(s), which also increase the signalling overhead.
· Option 2 need additional specification efforts to new rate matching pattern or new rules to puncture on the RBs outside DL/UL subbands. Puncture scheme is not preferred for PDSCH/PUSCH/PUCCH since it may degrade the performance. Rate matching cannot be used for PUCCH repetition when polar coding is used.
· Option 3 may increase the transmission/reception latency if the transmission/reception in SBFD symbol is postponed and may degrade the performance if the transmission/reception in SBFD symbol is dropped.

For the case that the monitoring periodicity of a search space is such that different monitoring occasions in different slots occur in SBFD and non-SBFD symbols, respectively, and, the associated CORESET overlaps the boundary of a DL subband in SBFD symbols, the following options were agreed for study for SBFD-aware UEs in last meeting:
· 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
Note: Whether these enhancements are applicable to only USS or also CSS
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.
In current specification, 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. The benefit of enhancement for PDCCH is not clear. So implementation based solution to avoid CORESET overlapping with unavailable resource should be considered. For example, gNB can avoid configuration a search space that occurs in both SBFD and non-SBFD symbols; or restrict the CORESET RB allocation to a common set of RBs that occur in both SBFD and non-SBFD symbols.
[bookmark: _Ref135041467]Observation 7: For the five options agreed in RAN1#112bis-e for PDCCH enhancement, the following are observed:
· Option 1 will complicate operation on PDCCH mapping at both gNB side and UE side;
· Option 2 would reduce the aggregation level of the PDCCH and impact the PDCCH performance;
· Option 3 may lead to reduced number of PDCCH candidates in SBFD slots especially when interleaving is used;
· Option 4 is not reasonable since gNB should avoid such configuration;
· The intention of option 5 is not clear.
[bookmark: _Ref135041472]Observation 8: In current specification, gNB can configure the search space and CORESETs flexibly to avoid overlapping between CORESET and UL subband, including: gNB avoid configuring a search space that occurs in both SBFD and non-SBFD symbols if the associated CORESET overlaps the boundary of a DL subband in SBFD symbols or restrict the CORESET RB allocation to a common set of RBs that occur in both SBFD and non-SBFD symbols.

For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, the following options were agreed to be studied for SBFD-aware UEs:
· Whether/how to have separate resources 
· Whether/how to have separate FH parameters
· Whether/how to have separate UL power control parameters 
· Whether/how to have separate beam/spatial relation 
SRS resource is configured based on SRS resource set, a SRS resource set can be configured with different usages. In current specification, an SRS resource set can be configured for ‘codebook’, ‘non-codebook’, ‘beam management’ or ‘antenna switching’. There is limitation for SRS resource set configuration, e.g., 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 symbols and non-SBFD symbols may be different, hence the channel condition/best beam may be different for SRS in SBFD symbol and full UL symbol. Different frequency resources and 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.
[bookmark: _Ref135041477]Observation 9: Separate SRS resource configurations for SBFD symbols and non-SBFD symbols enables different frequency resources and power for SRS in SBFD symbol and full UL symbol.
[bookmark: _Ref135041574]Proposal 4: Study the benefit and specification impacts to support separate SRS resource configurations for SBFD symbols and non-SBFD symbols.
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, this also enable separate PUCCH power control parameter configurations and separate spatial relation for SBFD symbols and non-SBFD symbols.
[bookmark: _Ref135041481]Observation 10: Separate PUCCH configurations for SBFD symbols and non-SBFD symbols enables separate PUCCH power control parameter configurations and separate spatial relations for PUCCH in SBFD symbol and full UL symbol.
[bookmark: _Ref135041577]Proposal 5: Study the benefit and specification impacts to support separate configurations for PUCCH transmission configuration in SBFD symbols and non-SBFD symbols.
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.
[bookmark: _Ref135041485]Observation 11: Separate frequency hopping bandwidth and FH offset for PUSCH in SBFD symbols and non-SBFD symbols could avoid the case that the second hop is out of UL subband or the frequency location of second hop is very close to the frequency location of the first hop in SBFD slots.
[bookmark: _Ref135041579]Proposal 6: Study separate frequency hopping bandwidth and FH offset for PUSCH due to different available frequency resources in SBFD symbols and non-SBFD symbols for PUSCH.

For CSI report associated with periodic/semi-persistent CSI-RS across SBFD symbols and non-SBFD symbols in different slots, the following options were agreed to be studied for SBFD-aware UEs in last meeting:
· 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.
· FFS impact on UE CSI processing and reporting timeline
Note: Whether the CSI-RS resource can be used for SBFD and non-SBFD symbols may depend on, e.g., gNB implementation of same/different antenna configuration in both symbols. 
Option 1-1 can be supported according to existing specification by gNB configuration of appropriate periodicities to ensure that the CSI-RS associated with each CSI-ReportConfig is confined to either SBFD symbols or non-SBFD symbols only. But it may restrict the gNB configuration flexibility and enhancements can be considered by additional indication or rules to determine the CSI-RS is valid within one symbol type and is invalid in the other symbol type.
Option 2-2 can be supported according to existing specification to configure measurement restriction so that UE would not average CSI measurements across SBFD and non-SBFD symbols. But gNB has difficulty to distinguish whether the reported CSI is for SBFD symbols or for non-SBFD symbols. In addition, a common CSI subband should be configured for both SBFD symbols and non-SBFD symbols, it needs to define how to determine the CSI report for CSI subband which overlaps with UL subband/guard band.
For Option 1-2, a new indication is needed to determine whether a CSI-ReportConfig corresponds to SBFD symbols or non-SBFD symbols. In addition, the definition of CSI measurement resource should be updated, only CSI-RS in symbols which have same type as the symbol type corresponding to the CSI-ReportConfig can be used as the CSI measurement resource. 
For Option 2-1, UE needs to measure two CSI-RS resources for one CSI-ReportConfig, and report two CSI in one CSI report, which is different with the current UE behaviour. It may impact the UE complexity in implementation since UE needs to measure multiple CSI-RS resources for CSI reporting. In addition, CSI reporting structure should be updated.
Option 1-1, Option 1-2 and Option 2-1 directly provide gNB with channel status in different symbol types, which can be used to determine the PDSCH transmission in SBFD symbols and non-SBFD symbols separately considering that the interference is different in SBFD symbols and non-SBFD symbols. For Option 2-2, gNB needs to determine the symbol used for CSI-RS based on the CSI reporting time instance, and then determine the symbol type corresponding to CSI report based on the symbol type of CSI-RS, which will increase the implementation complexity of the gNB. In addition, for Option 1-1 and Option 1-2, gNB could configure the CSI subband based on the symbol type, i.e. CSI subband for SBFD symbols can be configured within DL subbands, which may reduce the CSI overhead for SBFD symbols without additional specification impact. For Option 2, additional rules should be defined to reduce the CSI overhead, e.g., UE does not report CSI for the CSI subbands which overlap with RBs outside DL subband.
[bookmark: _Ref135041489]Observation 12: For the options agreed in RAN1#112bis-e for CSI report associated with periodic/semi-persistent CSI-RS across SBFD symbols and non-SBFD symbols in different slots, the following are further observed:
· Option 1-2 need to define new indication to determine whether a CSI-ReportConfig correspond to SBFD symbols or non-SBFD symbols. In addition, the definition of CSI measurement resource should be updated. 
· Option 2-1 may impact the UE complexity in implementation since UE need to measure multiple CSI-RS resources for CSI reporting. In addition, CSI reporting structure should be updated.
[bookmark: _Ref135041494]Observation 13: Separate CSI reporting for SBFD symbols and non-SBFD symbols enables gNB to know the channel status in different symbol types without additional effort and configure the CSI subband based on the symbol type. In addition, CSI overhead for SBFD symbols could be saved without additional specification impact since gNB could configure the CSI subband based on the symbol type.

SBFD operation in RRC idle/inactive state 
It was agreed to study SBFD operation at least for RRC_CONNECTED state. Initial access in UL subband was proposed and briefly discussed in previous meetings. Compared with the legacy TDD system, SBFD system has more uplink resources, so it helps reducing the initial access latency. In addition, configuring RO in the uplink subband can increase the transmission opportunity of PRACH, thus reducing the collision probability of PRACH. Moreover, the chance of PRACH transmission in RO is low, so that supporting RO in UL subband may help to reduce inter-subband CLI. Hence, SBFD operation in RRC idle/inactive state should be studied.
[bookmark: _Ref135041582]Proposal 7: Study potential enhancements for SBFD operation in RRC idle/inactive state.
To support SBFD operation in RRC idle/inactive state, transmissions of PRACH, Msg3 PUSCH and PUCCH for Msg4 in UL subband in SBFD symbols should be supported. The SBFD symbols may be configured as DL or flexible in tdd-UL-DL-ConfigurationCommon and validation of PRACH occasion needs to be updated to support valid RO in these symbols. In addition, collision handling between PRACH and DL receptions needs to be studied which is not clear in current specification as discussed in [3].
For Msg3 PUSCH and PUCCH transmissions in UL subband, if frequency hopping is applied, the frequency resource of the second hop determined based on initial UL BWP may be located out of UL subband. For SBFD aware UEs, similar UE behaviors as for RRC_CONNECTED state can be applied to enable Msg3 PUSCH hopping and PUCCH transmission before UE has dedicated PUCCH resource configuration within UL subband. 
As discussed above, it can be seen that the extra workload to support SBFD operation in RRC idle/inactive state is limited.
[bookmark: _Ref135041585]Proposal 8: For SBFD operation in RRC idle/inactive state, study the following aspects:
· RO validation for PRACH transmissions in SBFD symbols
· Collision handling between PRACH and DL receptions in SBFD symbols
· Frequency hopping for Msg3 PUSCH and PUCCH transmission before UE has dedicated PUCCH resource configuration within UL subband
Subband location indication
SBFD operation is performed from gNB perspective and the frequency resources in SBFD symbols are divided into UL and DL. It is straightforward that the subband time and frequency locations are common for all SBFD aware UEs. Compared with UE-specific signaling, cell-common signaling can make all UEs have same configuration of SBFD subband location and reduce the signaling overhead. It is quite natural to study cell-common indication of subband time and frequency location as baseline.
For UEs in RRC idle/inactive state, information of subband locations is required to enable PRACH transmissions in SBFD symbols, Msg3 frequency hopping within UL subband and PUCCH transmissions before UE has dedicated PUCCH resource configuration within UL subband. Hence SIB-1 based signaling of subband time and frequency location is preferred. 
[bookmark: _Ref135041588]Proposal 9: For indication of subband locations for SBFD operation, SIB based indication of subband time and frequency location is the baseline.

For granularity of subband location in time domain, whether or not a slot can consist of both SBFD and non-SBFD symbols were discussed and the following were agreed in last meeting.
One motivation for allowing that a slot can consist of both SBFD and non-SBFD symbols is for compatibility with symbol-level TDD UL/DL configuration.
Frequent switching between SBFD and non-SBFD symbols may increase the implementation complexity and interruptions of transmissions/receptions during transition. 
· Further study whether limitation(s) on the maximum number of switching points between SBFD and non-SBFD symbols within a slot, a TDD UL/DL pattern period, and/or semi-static SBFD configuration period (if different from TDD UL/DL pattern period) are needed
· Further study scenarios a guard period between SBFD and non-SBFD symbols is required/not required and the length of the guard period if required
Note: Whether or not a physical channel/signal occasion is mapped to both SBFD and non-SBFD symbols within a slot is a separate discussion.
For the guard period between SBFD and non-SBFD symbols, it should be reserved based on the following reasons:
· For switching from full downlink symbol to a SBFD symbol, guard period should be reserved in UL subband to avoid the interference between different UEs;
· If the antenna configurations/filter/digital IC/sampling rate are different between SBFD symbols and non-SBFD symbols, guard period between SBFD and non-SBFD symbols is need for gNB/UE to switch corresponding configurations;
Hence, guard period between SBFD and non-SBFD symbols is needed, whether the guard period should be explicitly indicated to UE and the length of the guard period can be further discussed.
[bookmark: _Ref135041499]Observation 14: Guard period between SBFD and non-SBFD symbols is required in the following cases:
· Guard period between DL symbols and SBFD symbols is required to avoid the interference between different UEs;
· If the antenna configuration/filter/digital IC/sampling rate are different between SBFD symbols and non-SBFD symbols, guard period between SBFD and non-SBFD symbols is need for gNB/UE to switch corresponding configurations.

Limitation(s) on the maximum number of switching points between SBFD and non-SBFD symbols within a slot, a TDD UL/DL pattern period, and/or semi-static SBFD configuration period is needed. Since too many switching points would cause high implementation complexity in gNB and UE implementation. In addition, assuming guard period should be reserved between SBFD symbols and non-SBFD symbols, too many switching points would waste lots of resources. As a starting point, the maximum number of switching points between SBFD and non-SBFD symbols within a semi-static SBFD configuration period can be 2, it means only one set of contiguous SBFD symbols can be configured within a semi-static SBFD configuration period.
[bookmark: _Ref135041511]Observation 15: Limitation(s) on the maximum number of switching points between SBFD and non-SBFD symbols within a semi-static SBFD configuration period is needed to reduce the implementation complexity and avoid waste lots of resources if guard period between SBFD and non-SBFD symbols is required.

It was agreed to study whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, and whether a UE can transmit/receive in the occasion mapped to SBFD symbols and non-SBFD symbols including:
· Use-case(s) including the locations and number of switching points of the SBFD and non-SBFD symbols in the slot.
· Potential benefits if any
· Phase continuity
· Potential interruption of transmissions/receptions during transition
· Required guard time if any
· Potential impact on performance
· Impact on link adaptation, channel estimation, and other procedures
· UL transmission timing if any
· Implementation complexity
· Applicability for SBFD aware UE and non-SBFD aware UEs
· NOTE: There are more than one scenario where a transmission overlaps SBFD and non-SBFD symbols and some may or may not face the aspects listed above
· NOTE: This study doesn’t mean RAN1 agreement on a slot consisting of SBFD and non-SBFD symbols. 
As discussed above, a guard period may be needed between SBFD and non-SBFD symbols, then it is not feasible to allocate a transmission across SBFD and non-SBFD symbols. Also, the parameters can be different between SBFD symbol and non-SBFD symbol, e.g., UL power control, beam/spatial domain, UL transmission timing, MCS and frequency resources, it would bring additional complexity if a transmission occasion across both SBFD and non-SBFD symbols without apparent advantage.
For dynamically scheduled channel, it is up to gNB scheduling implementation to avoid a transmission occasion consist of both SBFD and non-SBFD symbols. However, for RRC-configured transmission occasions, the periodicity of the transmission occasions may not align with the semi-static SBFD periodicity and some occasion may map to both SBFD and non-SBFD symbols. In that case, the UE should omit the transmission or reception in that occasion. 
[bookmark: _Ref135041514]Observation 16: A transmission occasion containing both SBFD and non-SBFD symbols would increases the implementation complexity without providing any apparent advantage.
[bookmark: _Ref135041591]Proposal 10: For dynamically scheduled channel, it is up to gNB scheduling implementation to avoid a transmission occasion consist of both SBFD and non-SBFD symbols. For RRC-configured transmission occasions, the UE should omit the transmission occasion which map to both SBFD and non-SBFD symbols.

Collision handling
For SBFD operation, half-duplex operation is assumed at UE side. It was agreed to identify if there are any cases of time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE. In general, collision between UL transmissions and DL receptions in the same SBFD symbol should be considered.
For all these cases discussed below, dynamic transmissions include transmissions scheduled by a DCI, which does not include a repetition of a transmission. Configured transmissions include transmissions without corresponding DCI, which include a repetition of a transmission.
For Type A, the following collision cases in SBFD symbols are identified for discussion:
1) Collision between dynamic UL transmissions and dynamic DL receptions
2) Collision between dynamic DL receptions and configured UL transmissions
3) Collision between dynamic UL transmissions and configured DL receptions
4) Collision between configured UL transmissions and configured DL receptions
5) Collision between dynamic/configured UL transmissions and SSB
Case 1 can be avoided by gNB scheduling. 
For case 2~3, overlapping between dynamic channel/signal and semi-statically configured channel/signal should be allowed so that the latency can be reduced for dynamic channel/signal which has stricter latency requirement. Details can be further studied. 
Case 4 may exist in SBFD symbols considering that gNB may not be able to avoid these collision types in configuration. 
Case 5 is separately discussed below.
[bookmark: _Ref135041595]Proposal 11: For SBFD aware UEs, study the following collision cases:
· Collision between dynamic DL receptions and configured UL transmission
· [bookmark: OLE_LINK42][bookmark: OLE_LINK43]Collision between dynamic UL transmission and configured DL receptions
· [bookmark: OLE_LINK38][bookmark: OLE_LINK39]Collision between configured UL transmission and configured DL receptions

It was agreed to further study the following options for SBFD operation in SSB symbols.
· Option 1: UL subband cannot be configured in an SSB symbol
· FFS handling of misaligned periodicities between SSB and semi-static SBFD subband time location configuration
· Option 2: An UL subband can be configured in an SSB symbol
· FFS whether/when and/or under which conditions an SBFD-aware UE transmits in the UL subband or may receive SSB in the symbol.
For option 1, the misaligned periodicities between SSB and semi-static SBFD subband time location configuration can be resolved by one of the following options:
· Option 1-1: Determine the semi-static SBFD configuration period as the common multiple of SSB period and TDD UL-DL configuration period
· Option 1-2: The semi-static SBFD configuration period is same as TDD UL-DL configuration period, but different SBFD time location patterns are configured for a period with SSB and a period without SSB
Both Option 1-1 and Option 1-2 resolve the issue of misaligned periodicities between SSB and semi-static SBFD subband time location configuration, but increase the RRC signaling overhead.
For option 2, it includes the following two sub-options:
· Option 2-1: SBFD-aware UE cannot transmit in the SSB symbol but can only receive within the entire DL BWP in the SSB symbol
· Option 2-2: SBFD-aware UE can transmit UL in the UL subband and SSB is located in DL subband in the SSB symbol
Option 2-1 has similar result as Option 1-1 and Option 1-2, but without additional signaling overhead. The issue of option 2-1 is that it may result in more switching points between SBFD symbols and non-SBFD symbols in a semi-static SBFD configuration period consist of SSB. Additional rules can be defined to avoid too many switching points between SBFD symbols and non-SBFD symbols, e.g. SBFD symbols does not exist in slots consist of SSB.
Option 2-2 supports UL transmission in SSB symbols, which is not supported in current specification. Rules should be defined to determine whether UE should receive SSB or transmit UL. Considering that SSB is not only used for initial access, but may also be used for BFR, RLF or L1 measurement, UE may need to measure SSB from time to time and UL transmissions when UE needs to measure SSB is not possible since UE only supports half-duplex operation. Note that gNB may not have the knowledge of when UE is measuring SSB. In addition, the measurement accuracy of SSB may be negatively impacted due to inter-subband CLI.
It is therefore proposed that UE transmits in the UL subband in an SSB symbol is not supported.
[bookmark: _Ref135041518]Observation 17: RRC signaling overhead would be increased if UL subband cannot be configured in an SSB symbol.
[bookmark: _Ref135041522]Observation 18: If an UL subband can be configured in an SSB symbol, the following sub-options can be further studied:
· Option 2-1: SBFD-aware UE cannot transmit in the SSB symbol but can only receive within the entire DL BWP in the SSB symbol
· Option 2-2: SBFD-aware UE can transmit UL in the UL subband and SSB is located in DL subband in the SSB symbol
Option 2-1 may result in more switching points between SBFD symbols and non-SBFD symbols in a semi-static SBFD configuration period with SSB. Additional rules can be defined to avoid this case.
For Option 2-2, gNB may not have the knowledge of when UE is measuring SSB, hence cannot know when to schedule UL. In addition, the measurement accuracy of SSB may be negatively impacted due to inter-subband CLI.
[bookmark: _Ref135041600]Proposal 12: UE transmits in the UL subband in an SSB symbol is not supported.

SBFD specific CLI handling
With respect to UE-to-UE CLI-RSSI measurement/report across downlink subbands, three methods were agreed to be studied in the last meeting. 
	Agreement
For UE-to-UE CLI-RSSI measurement/report across downlink subbands, study the following methods:
· Method#1: separate CLI-RSSI measurement resources/reports in each DL subband
· Note: supported in existing specifications
· Method#2: CLI-RSSI measure/report in one DL subband only
· Note: supported in existing specifications
· Method#3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
· FFS: report single or separate CLI-RSSI report(s) 
· FFS: details on determination of non-contiguous CLI-RSSI resource allocation 



Method#1 & Method#2 are supported in existing specification. Two measurement resources are configured to cover two non-contiguous DL subbands in Method #1 which might limit the maximum number of CLI-RSSI measurement resources supported by the UE. If the CLI in two DL subbands is considered to be symmetric, i.e. CLI in RBs in two DL subbands with the same frequency separation from UL subband is the same, Method #2 can be used. No spec impact and enhancement are expected for Method #2.
For Method#3, with respect to the non-contiguous CLI-RSSI measurement resource, similar enhancements as for non-contiguous CSI-RS resource allocation can be considered. Similar as for CSI-RS, whether the non-contiguous CLI-RSSI resource is considered as one or two resources needs further discussion. With respect to non-contiguous CLI-RSSI report, single report or separate CLI-RSSI reports on the non-contiguous measurement resource can be considered. But the motivation and benefit to have separate CLI-RSSI reports based on non-contiguous CLI-RSSI resource is not very clear compared with Method #1. 
[bookmark: _Ref135041528]Observation 19: For the options agreed to be studied for UE-to-UE CLI-RSSI measurement/report across downlink subbands, the following observations are made:
· Method #1 may limit the maximum number of CLI-RSSI measurement resources supported by the UE. 
· Method #2 is applicable if the CLI in two DL subbands is considered to be symmetric and no spec impact or enhancement is expected.
· For Method #3, similar enhancements for non-contiguous CSI-RS are applicable for non-contiguous CLI-RSSI resource allocation. Single CLI-RSSI report based on non-contiguous CLI-RSSI resource across downlink subbands is preferred.

With respect to inter-UE inter-subband CLI measurement on DL subband or UL subband, the following agreements were achieved.
	Agreement
For inter-UE inter-subband CLI measurement, study at least the following methods:
· Method#1: victim UE measures RSSI within DL subband
· FFS: Whether SINR can be measured
· Method#2: victim UE measures RSRP of aggressor UE within UL subband
· Method#3: victim UE measures RSSI within UL subband 
· Note: the restriction in Rel-16 that CLI is only measured within DL BWP does not forbid UE to measure CLI in UL subband when UL subband is confined within DL BWP.
Agreement
For inter-UE inter-subband CLI measurement, study Method#2 and Method#3 considering:
· Necessity/benefit compared with measurement within DL subband
· Whether/how to estimate CLI from RSRP/RSSI measurements within UL subband / guardband
· Whether UE is required to measure RSRP/RSSI within UL subband and receive DL in DL subband(s) simultaneously
· Whether existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband
· If not, identify the potential impact



According to the agreement, the restriction in Rel-16 that CLI is only measured within DL BWP does not forbid UE to measure CLI in UL subband when UL subband is confined within DL BWP. So it is our understanding that existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband. 
[bookmark: _Ref135041532]Observation 20: Existing CLI measurement and report framework can be reused to support Method#2 and Method #3.
As summarized in [5], one motivation for Method#2 is to identify/rank aggressor UE(s). For victim UE and aggressor UE(s) within a same serving cell, gNB can avoid strong CLI to victim UE by proper scheduling. However, if the aggressor UE is from neighbor cell, exchange of measurement configurations and results are the prerequisite for coordinated scheduling which is not supported in existing specification. 
[bookmark: _Ref135041535]Observation 21: Exchange of CLI-RSRP measurement configurations and results across different serving cells needs further study for inter-cell inter-UE CLI management.
The motivation for Method #3 is not clear to us. It seems that Method #3 provides less information compared with other methods and it is not clear how gNB could make use of the measurement results of Method#3.
[bookmark: _Ref135041538]Observation 22: The necessity and benefit of Method#3 are not clear and should be further studied.
Conclusion
In this contribution, we discuss subband non-overlapping full duplex and give the following observations and proposals.
Observation 1: The following are observed based on system simulation results:
· Compared with semi-static SBFD, dynamic SBFD outperforms in DL but degrades the performance in UL;
· Compared with dynamic TDD, dynamic SBFD case 1 (Option 2) outperforms in DL but degrades the performance in UL; dynamic SBFD case 2 (Option 3) brings limited benefit in both DL and UL.
Observation 2: RBG size determined based on size of DL/UL BWP is the same as in current specification with potential large RBG size in small DL/UL subband(s) in SBFD symbols.
Observation 3: RBG size determined based on size of DL/UL subband(s) can avoid large RBG size in small DL/UL subband(s) in SBFD symbols.
· If the RBG size is applied for both SBFD symbols and non-SBFD symbols, the FDRA field size may increase; 
· If the RBG size is applied for SBFD symbols only, the following issues need to be considered.
· How to determine FDRA field size
· RBG size if a PDSCH/PUSCH transmission can be mapped to SBFD symbols and non-SBFD symbols
Observation 4: For PRG(s) with size of 2 and 4 that overlaps with subband boundary, UE only considers PRBs that are actually used for transmission for joint channel estimation, i.e. RBs outside DL subband(s) are not considered.
Observation 5: If UE is not expected to be scheduled with PRBs in both DL subbands in SBFD symbols when wideband PRG is configured, the DL peak data rate in SBFD symbols would be reduced.
Observation 6: For the three options agreed in RAN1#112bis-e for frequency resource allocation 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 are observed:
· Option 1-1 would increase the signalling overhead; Option 1-2 need additional rules to determine two different frequency resources based on the single FDRA configuration/indication, which need additional specification efforts; Option 1-3 need an additional signalling to indicate the RB offset(s), which also increase the signalling overhead.
· Option 2 need additional specification efforts to new rate matching pattern or new rules to puncture on the RBs outside DL/UL subbands. Puncture scheme is not preferred for PDSCH/PUSCH/PUCCH since it may degrade the performance. Rate matching cannot be used for PUCCH repetition when polar coding is used.
· Option 3 may increase the transmission/reception latency if the transmission/reception in SBFD symbol is postponed and may degrade the performance if the transmission/reception in SBFD symbol is dropped.
Observation 7: For the five options agreed in RAN1#112bis-e for PDCCH enhancement, the following are observed:
· Option 1 will complicate operation on PDCCH mapping at both gNB side and UE side;
· Option 2 would reduce the aggregation level of the PDCCH and impact the PDCCH performance;
· Option 3 may lead to reduced number of PDCCH candidates in SBFD slots especially when interleaving is used;
· Option 4 is not reasonable since gNB should avoid such configuration;
· The intention of option 5 is not clear.
Observation 8: In current specification, gNB can configure the search space and CORESETs flexibly to avoid overlapping between CORESET and UL subband, including: gNB avoid configuring a search space that occurs in both SBFD and non-SBFD symbols if the associated CORESET overlaps the boundary of a DL subband in SBFD symbols or restrict the CORESET RB allocation to a common set of RBs that occur in both SBFD and non-SBFD symbols.
Observation 9: Separate SRS resource configurations for SBFD symbols and non-SBFD symbols enables different frequency resources and power for SRS in SBFD symbol and full UL symbol.
Observation 10: Separate PUCCH configurations for SBFD symbols and non-SBFD symbols enables separate PUCCH power control parameter configurations and separate spatial relations for PUCCH in SBFD symbol and full UL symbol.
Observation 11: Separate frequency hopping bandwidth and FH offset for PUSCH in SBFD symbols and non-SBFD symbols could avoid the case that the second hop is out of UL subband or the frequency location of second hop is very close to the frequency location of the first hop in SBFD slots.
Observation 12: For the options agreed in RAN1#112bis-e for CSI report associated with periodic/semi-persistent CSI-RS across SBFD symbols and non-SBFD symbols in different slots, the following are further observed:
· Option 1-2 need to define new indication to determine whether a CSI-ReportConfig correspond to SBFD symbols or non-SBFD symbols. In addition, the definition of CSI measurement resource should be updated. 
· Option 2-1 may impact the UE complexity in implementation since UE need to measure multiple CSI-RS resources for CSI reporting. In addition, CSI reporting structure should be updated.
Observation 13: Separate CSI reporting for SBFD symbols and non-SBFD symbols enables gNB to know the channel status in different symbol types without additional effort and configure the CSI subband based on the symbol type. In addition, CSI overhead for SBFD symbols could be saved without additional specification impact since gNB could configure the CSI subband based on the symbol type.
Observation 14: Guard period between SBFD and non-SBFD symbols is required in the following cases:
· Guard period between DL symbols and SBFD symbols is required to avoid the interference between different UEs;
· If the antenna configuration/filter/digital IC/sampling rate are different between SBFD symbols and non-SBFD symbols, guard period between SBFD and non-SBFD symbols is need for gNB/UE to switch corresponding configurations.
Observation 15: Limitation(s) on the maximum number of switching points between SBFD and non-SBFD symbols within a semi-static SBFD configuration period is needed to reduce the implementation complexity and avoid waste lots of resources if guard period between SBFD and non-SBFD symbols is required.
Observation 16: A transmission occasion containing both SBFD and non-SBFD symbols would increases the implementation complexity without providing any apparent advantage.
Observation 17: RRC signaling overhead would be increased if UL subband cannot be configured in an SSB symbol.
Observation 18: If an UL subband can be configured in an SSB symbol, the following sub-options can be further studied:
· Option 2-1: SBFD-aware UE cannot transmit in the SSB symbol but can only receive within the entire DL BWP in the SSB symbol
· Option 2-2: SBFD-aware UE can transmit UL in the UL subband and SSB is located in DL subband in the SSB symbol
Option 2-1 may result in more switching points between SBFD symbols and non-SBFD symbols in a semi-static SBFD configuration period with SSB. Additional rules can be defined to avoid this case.
For Option 2-2, gNB may not have the knowledge of when UE is measuring SSB, hence cannot know when to schedule UL. In addition, the measurement accuracy of SSB may be negatively impacted due to inter-subband CLI.
Observation 19: For the options agreed to be studied for UE-to-UE CLI-RSSI measurement/report across downlink subbands, the following observations are made:
· Method #1 may limit the maximum number of CLI-RSSI measurement resources supported by the UE. 
· Method #2 is applicable if the CLI in two DL subbands is considered to be symmetric and no spec impact or enhancement is expected.
· For Method #3, similar enhancements for non-contiguous CSI-RS are applicable for non-contiguous CLI-RSSI resource allocation. Single CLI-RSSI report based on non-contiguous CLI-RSSI resource across downlink subbands is preferred.
Observation 20: Existing CLI measurement and report framework can be reused to support Method#2 and Method #3.
Observation 21: Exchange of CLI-RSRP measurement configurations and results across different serving cells needs further study for inter-cell inter-UE CLI management.
Observation 22: The necessity and benefit of Method#3 are not clear and should be further studied.

Proposal 1: For a SBFD aware UE semi-statically configured with UL subband in a symbol configured as DL in TDD-UL-DL-ConfigCommon, it is agreed as baseline that DL receptions outside semi-statically configured DL subband(s) are not allowed.
Proposal 2: For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, it is agreed as baseline that DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed.
Proposal 3: If wideband PRG is configured and non-contiguous RBs across two DL subbands but contiguous frequency resource within each DL subband are allocated for PDSCH, SBFD-aware UEs assume the same precoder is applied to the allocated resource in each DL subband in SBFD symbols.
Proposal 4: Study the benefit and specification impacts to support separate SRS resource configurations for SBFD symbols and non-SBFD symbols.
Proposal 5: Study the benefit and specification impacts to support separate configurations for PUCCH transmission configuration in SBFD symbols and non-SBFD symbols.
Proposal 6: Study separate frequency hopping bandwidth and FH offset for PUSCH due to different available frequency resources in SBFD symbols and non-SBFD symbols for PUSCH.
Proposal 7: Study potential enhancements for SBFD operation in RRC idle/inactive state.
Proposal 8: For SBFD operation in RRC idle/inactive state, study the following aspects:
· RO validation for PRACH transmissions in SBFD symbols
· Collision handling between PRACH and DL receptions in SBFD symbols
· Frequency hopping for Msg3 PUSCH and PUCCH transmission before UE has dedicated PUCCH resource configuration within UL subband
Proposal 9: For indication of subband locations for SBFD operation, SIB based indication of subband time and frequency location is the baseline.
Proposal 10: For dynamically scheduled channel, it is up to gNB scheduling implementation to avoid a transmission occasion consist of both SBFD and non-SBFD symbols. For RRC-configured transmission occasions, the UE should omit the transmission occasion which map to both SBFD and non-SBFD symbols.
Proposal 11: For SBFD aware UEs, study the following collision cases:
· Collision between dynamic DL receptions and configured UL transmission
· Collision between dynamic UL transmission and configured DL receptions
· Collision between configured UL transmission and configured DL receptions
Proposal 12: UE transmits in the UL subband in an SSB symbol is not supported.
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Table 3: Assumptions for system level evaluations
	Parameters
	Scenario

	Scenario
	Single layer
Indoor floor: (12BSs per 120m x 50m) 

	ISD
	20 m

	Carrier Frequency
	4 GHz

	Deployment case 
	Case 1

	Channel bandwidth
	100 MHz

	Available resource blocks
	273

	Numerology
	14 OFDM symbol slot
SCS = 30kHz

	BS antenna configuration 
	SBFD antenna configuration option-2 :
(Mg, Ng, M, N, P) =(1,1,4,4,2), (dv, dh)= (0.5λ, 0.5λ)

	Max gNB Tx Power 
	24 dBm

	BS Noise figure
	5 dB

	Max UE TX Power
	23 dBm

	UE Noise figure
	9 dB

	Traffic model
	FTP3, 0.5 Mbytes for DL and 0.125 Mbytes for UL

	Target Resource utilization
	<10%, 20-30%, >50%

	Transmission mode 
	SU-MIMO

	Channel estimation
	Realistic

	Overhead 
	No extra overhead






