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1. Introduction
At RAN#95-e meeting, revised SID on NR duplex operation enhancements was approved with the objective as follows [1]:
	The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.
In this study, the followings are assumed:
1. Duplex enhancement at the gNB side
1. Half duplex operation at the UE side
1. No restriction on frequency ranges
The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhance
· ement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).



In this contribution, possible solutions for subband non-overlapping full duplex and impact to legacy operation are discussed.
2. Discussions
2.1 DL/UL subband time and frequency resource allocation
In Rel-15/16, gNB can configure/indicate a symbol as “DL” or “UL” or “flexible”, via time domain slot format indication. In Rel-18, with subband non-overlapping full duplex (SBFD) at gNB, both DL subband(s) and UL subband(s) can be configured/indicated on the same symbol. 

2.1.1 SBFD DL/UL subband frequency location
Based on agreements in previous meetings, semi-static configuration of DL/UL frequency locations will be studied. Whether to study dynamic indication of DL/UL subband frequency locations is still under discussion. Dynamic indication of DL/UL subband frequency domain allocation will make it more difficult for higher-layer configured channels/signals to avoid overlapping with unavailable frequency resources, and also more difficult for UE to filter interference. Therefore, dynamic indication of DL/UL subband frequency domain allocation is not preferred. 

Proposal 1: NOT support dynamic indication of DL/UL subband frequency domain location.

2.1.2 SBFD and non-SBFD symbols in one slot
At RAN1#112 meeting, it was agreed to study whether or not a slot can consist of SBFD and non-SBFD symbols.
In our view, it is too restricted if not allowing SBFD and non-SBFD symbols in one slot, especially considering the legacy TDD pattern configuration/indication is for per symbol granularity. For example, there may be slots consisting of DL and UL symbols. With this limitation, DL symbols in such slot is not expected to be indicated/configured for SBFD operation. Taking DDDSU (S with both DL and UL symbols) as an example, SBFD operation can only occur in DL slot. For this case, switching points in one periodicity include: D -> SBFD -> D -> U. However, if the SBFD symbol can be in the S slot, the switching point in one periodicity can be simpler: D -> SBFD -> U.
Frequent switching between SBFD and non-SBFD symbols may increase the implementation complexity and interruptions of transmissions/receptions during transition. For most cases in Rel-15, at most one switching point in one slot is allowed. Considering switching between SBFD and non-SBFD symbols may be more complicated than D-U switching, it is preferred to limit the number of switching points between SBFD and non-SBFD symbols in one slot to be one. 
Moreover, it is also good to limit the number of switching between SBFD and non-SBFD symbols in one TDD configuration period. For example, a typical case for Rel-15 TDD is one switching point in one TDD configuration period. The limited number of switching between SBFD and non-SBFD symbols in one TDD configuration period can be studied.

Proposal 2: Support a slot consisting of both SBFD and non-SBFD symbols.
· At most one switching point between SBFD and non-SBFD symbols in one slot is allowed.
· FFS the limited number of switching between SBFD and non-SBFD symbols in one TDD configuration period.
2.1.3 dynamic SBFD operation
At RAN1#112 meeting, whether/how to support dynamic SBFD operation in symbol configured as DL and flexible by TDD-UL-DL-ConfigCommon was discussed. 

	Agreement
For dynamic SBFD,
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon 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-aware UEs, 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 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
Dynamic SBFD should be compared with dynamic TDD and/or semi-static SBFD in terms of performance, implementation complexity, switching latency.
For each option, additional conditions may apply to determine whether the option is applicable.



We think the potential benefit of dynamic SBFD is more flexibility. For example, gNB can adjust SBFD symbol location (e.g. dynamically enabling/disabling SBFD operation in certain symbol) according to timely DL/UL traffic characteristics. It may be useful for the case when multiple types of unpredictable services with quite different requirement/characteristics in the same system.
For dynamic SBFD operation in DL symbol, when a SBFD DL symbol configured with UL subband is dynamically indicated as non-SBFD symbol, it can be regarded as no DL or UL subband division on the symbol. Legacy DL symbol operation on the symbol can be reused. DL reception in any RB within DL BWP is allowed. Therefore, option 2 can be supported when gNB dynamically disable SBFD operation on a DL symbol.
For dynamic SBFD operation in flexible symbol, when a SBFD flexible symbol configured with UL subband is dynamically indicated as non-SBFD symbol, it can be regarded as no DL or UL subband division on the symbol. Legacy flexible symbol operation on the symbol can be reused. DL reception in any RB within DL BWP is allowed, and UL transmission in any RB within UL BWP is allowed. Therefore, option 3 is supported when gNB dynamically disable SBFD operation on a flexible symbol.

Proposal 3: Support dynamic SBFD for SBFD operation in DL symbol and flexible symbol.
· For SBFD DL symbol, option 2 is applied when the symbol is indicated as non-SBFD symbol by dynamic indication.
· For SBFD flexible symbol, option 3 is applied when the symbol is indicated as non-SBFD symbol by dynamic indication. 

2.1.4 flexible symbol considering dedicated TDD pattern and SFI
In previous meetings, UE behavior in SBFD symbol configured as flexible by TDD-UL-DL-ConfigCommon was discussed. It was not touched whether SBFD operation can be supported on certain or all types of symbols configured as flexible by TDD-UL-DL-ConfigCommon. Companies think it can be separately discussed.

In our understanding, regarding whether/how to support SBFD operation in symbol configured as flexible by TDD-UL-DL-ConfigCommon, dedicated TDD configuration (i.e. TDD-UL-DL-Dedicated) and/or SFI indication need to be considered, since link direction of a symbol configured flexible in TDD-UL-DL-ConfigCommon may be changed by TDD-UL-DL-Dedicated or SFI.
· Case 1: a symbol configured as flexible in TDD-UL-DL-ConfigCommon and configured as DL in TDD-UL-DL-Dedicated
· Case 2: a symbol configured as flexible in TDD-UL-DL-ConfigCommon and configured as UL in TDD-UL-DL-Dedicated
· Case 3: a symbol configured as flexible in TDD-UL-DL-ConfigCommon and configured as flexible in TDD-UL-DL-Dedicated
For case 1, the symbol is a semi-static DL symbol from UE perspective. Same SBFD operation behavior as in SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon can be reused. 
For case 2, the symbol is a semi-static UL symbol from UE perspective. SBFD operation in such symbol should be de-prioritized.
For case 3, the symbol is a semi-static flexible symbol from UE perspective, and UE may depend on SFI to determine the direction of the symbol. Three sub use cases can be considered.
· Case 3-1: UE is not configured to monitor SFI
· Case 3-2: UE is configured to monitor SBFD and the SFI indicates DL/UL/flexible for the symbol
· Case 3-3: UE is configured to monitor SBFD but UE doesn’t detect SFI for the symbol
For case 3-1, impact of SFI indication doesn’t need to be considered. SBFD operation can be supported in the symbol. For case 3-2, it is possible to support SBFD operation in SFI indicated DL/flexible symbol. Whether to support needs to consider aspects including flexibility, complexity, SFI missing issue, etc. For case 3-3, the symbol should not be used for DL or UL in legacy NR. Therefore, SBFD operation should not be supported in the symbol.

Proposal 4: Study whether/how to support SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon and configured as flexible in TDD-UL-DL-Dedicated.
· At least support SBFD operation in such symbol when SFI is not configured.
· Further study whether/how to support SBFD operation in symbol indicated as DL/flexible by SFI.

2.2 Potential enhancement on DL/UL reception/transmission
2.2.1 Transmission/receptions across SBFD and non-SBFD symbols in different slots

At RAN1#112 meeting, it was agreed to study whether UL transmissions and DL receptions in different slots can be in SBFD symbols 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)
· Study the following options for SBFD-aware UEs:
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
· PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH



For PDSCH/PUSCH/PUCCH repetitions or TBoMS PUSCH across SBFD and non-SBFD symbols in different slots, restricting transmissions/receptions to only SBFD symbols or only non-SBFD symbols may lead to latency issue or coverage/reliability issue. For example, the number of repetitions or number of TBoMS PUSCH slots would be limited if only considering consecutive non-SBFD/SBFD symbols. If non-consecutive non-SBFD/SBFD symbols can be considered, the latency would be increased. Therefore, Option 1 is not preferred. 
For SPS PDSCH/CG PUSCH, PDCCH, and periodic/semi-persistent SRS/CSI-RS/PUCCH, option 1 can be realized by configuring separate SPS/CG/CSI-RS/SRS/PUCCH/PDCCH configurations for SBFD and non-SBFD symbols. Possible drawback of option 1 may be the limitation on number of SPS/CG/CSI-RS/SRS/PUCCH/PDCCH configurations. 
Based on above analysis, option 2 is preferred for both cases.
If option 2 is applied, when the transmissions/receptions across SBFD and non-SBFD symbols, separate parameters (e.g. FDRA, FH, power control, etc.) for transmissions/receptions on SBFD symbols and on non-SBFD symbols may be beneficial. 

Proposal 5: For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots, study potential enhancement to support transmissions/receptions can be in SBFD symbols and non-SBFD symbols.

2.2.2 CSI reporting
At RAN1#112bis meeting,  for CSI report associated with periodic/semi-persistent CSI-RS across SBFD symbols and non-SBFD symbols in different slots, four options were agreed for further study.

	Proposed 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.



Considering the interference level at SBFD symbol/slot and at non-SBFD symbol/slot may be different, differentiation for measurement results on SBFD symbols and non-SBFD symbols would be beneficial. Option 2-2 without differentiation for measurement results is not preferred. 
For option 1-1 and option 2-1, they both require CSI-RS restricted to SBFD symbols only or non-SBFD symbols only, which relies on enhanced CSI-RS reception behavior, e.g. CSI-RS occasion on SBFD/non-SBFD symbols is not received. For this direction, option 2-1 with one CSI report containing measurement results for SBFD and non-SBFD symbols is preferred than option 1-1, considering the limited number of CSI report configurations. On the contrary to option 1-1 and option 2-1, Option 2-2 can be applied when CSI-RS occasions are in SBFD and non-SBFD symbols in different slots. 

Proposal 6: For CSI report associated with periodic/semi-persistent CSI-RS across SBFD symbols and non-SBFD symbols in different slots, 
· If CSI-RS occasions for one CSI-RS resource index are restricted to only SBFD or only non-SBFD symbols in different slots, study option 2-1.
· If CSI-RS occasions for one CSI-RS resource index can be in SBFD and non-SBFD symbols in different slots, study option 2-2.

2.2.3 PUSCH/PUCCH
In previous meetings, potential issues/solutions for UL/DL transmissions/receptions collision with DL/UL subband(s) were discussed and identified, e.g. whether separate parameter configuration, partial PRG overlapping, available slot counting, PUSCH/PUCCH frequency hopping, etc. In this section, some issues still not addressed for PUCCH/PUSCH are proposed.

Segmentation for PUSCH repetition type B
For PUSCH repetition type B, nominal repetition may be segmented into actual repetitions around semi-static DL symbol, SSB symbol or RRC configured invalid symbol, as shown in Fig 1. Considering SBFD operation with UL subabnd in semi-static DL symbol, impact on PUSCH repetition type B segmentation should be studied.
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Fig 1: Example of PUSCH repetition type B
Proposal 7: Study SBFD impact on PUSCH repetition type B segmentation.

SPS HARQ-ACK deferrring
For PUCCH, SPS HARQ-ACK deferring is introduced in Rel-17. When a PUCCH for SPS HARQ-ACK overlaps with semi-static DL symbol or SSB symbol, UE will defer the PUCCH until no overlapping with semi-static DL symbol or SSB symbol, as shown in Fig 2. Considering SBFD operation with UL subabnd in semi-static DL symbol, impact on SPS HARQ-ACK deferring should be studied.
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Fig 2: Example of SPS HARQ-ACK deferring
Proposal 8: Study SBFD impact on SPS HARQ-ACK deferring.

2.2.4 collision of UL transmission in UL subband with DL reception in DL subband(s) 
For such collision cases, the key issue is how to determine whether UE should perform DL reception or UL transmission in the same SBFD symbol. 

[image: ]
Fig 3: Example of DL channel/signal in DL subband and UL channel/signal in UL subband in the same SBFD symbol

The simplest solution would be to avoid such case. However, it is too restricted, especially for higher layer configured channels/signals. 
Another solution is that UE determines between DL reception or UL transmission in the symbol based on explicit indication of SBFD symbol direction. For example, gNB signals an explicit indication that the direction of the SBFD symbol is DL. In this case, UE will determine to cancel the UL transmission in the UL subband, and perform DL reception in DL subband of the SBFD symbol. This solution requires additional signal overhead for SBFD symbol direction.
Another solution is that UE determines between DL reception or UL transmission in the symbol based on predefined rules. This solution doesn’t require explicit indication for direction of SBFD symbol. And it is flexible to separately consider different rules for different cases. When defining rules, multiple types of collision cases can be further divided, based on whether scheduled or configured DL/UL channel/signal and with or without repetitions. For example, the DL channel/signal may be PDCCH, or scheduled DL channel/signal without repetition, or scheduled DL channel/signal with repetitions, or configured DL channel/signal with or without repetitions, and the UL channel/signal may be scheduled UL channel/signal without repetition, or scheduled UL channel/signal with repetitions, or configured UL channel/signal with or without repetitions. Any combination of DL channel/signal type and UL channel/signal type may need separate consideration.

Type 1 collision case: The DL and UL channels/signals are scheduled by DCI and no repetitions. 
This case can be avoided by gNB scheduling.
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Fig 4: DG DL vs. DG UL

Type 2 collision case: Only DL (or UL) channel/signal is scheduled by DCI and no repetitions, while UL (or DL) channel/signal is configured by higher layer (with or without DCI/MAC CE activation). 
For this case, the DL (or UL) channel scheduled by DCI without repetitions can be prioritized. For example, if the DL channel/signal in DL subband in the symbol is higher layer configured, while a PUSCH in UL subband in the symbol is scheduled by DCI, UE can determine to transmit the PUSCH in UL subband in the symbol, and cancel DL reception in DL subband in the symbol. 
[image: 图表, 直方图
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Fig 5: DG DL (or UL) vs. CG UL (or DL)

Type 3 collision case: The DL and UL channels/signals are configured by higher layer.
For this case, certain rule can be defined based on DL/UL channel type and/or with or without DCI/MAC CE activation. For example, DL/UL channel/signal is prioritized over UL/channel/signal (e.g. SPS PDSCH prioritized over CG PUSCH), or certain channel/signal type is prioritized over other channel/signal types (e.g. control channel prioritized over data channel), or channel with DCI/MAC CE activation is prioritized over channel/signal with DCI/MAC CE activation (e.g. semi-persistent CSI-RS prioritized over periodic SRS). 
[image: 电脑萤幕画面
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Fig 6: CG DL vs. CG UL

Type 4 collision case: The DL and/or UL channels/signals are with multiple repetitions. 
For this case, the latter repetitions other than the first repetition can be regarded as channel/signal without scheduling DCI. Then rules defined for other collision types can be applied.
For example, for multiple PDSCH repetitions scheduled by DCI in DL subband and PUSCH without repetitions scheduled by DCI in UL subband in the same SBFD symbol, the DG PUSCH without repetitions can be prioritized.
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Fig 7: DL vs. UL with repetitions

Proposal 9: For DL channel/signal in DL subband and UL channel/signal in UL subband in the same SBFD symbol, study predefined rules to determine whether UE will receive in DL subband or transmit in UL subband in the same SBFD symbol. 
· Type 1 collision case: The DL and UL channels/signals are scheduled by DCI without repetitions. 
· Type 2 collision case: Only DL (or UL) channel/signal is scheduled by DCI without repetitions, while UL (or DL) channel/signal is configured by higher layer (with or without DCI/MAC CE activation).
· Type 3 collision case: The DL and UL channels/signals are configured by higher layer.
· Type 4 collision case: The DL and/or UL channels/signals are with multiple repetitions. 

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



Considering SBFD operation with UL subband in DL symbol, there may be UL transmission in DL symbol. With the legacy rule, UL transmission in UL subband in SBFD symbol configured as DL can’t be cancelled by DCI 2_4. Therefore, impact on UL cancellation DCI format 2_4 should be studied.
Proposal 10: Study SBFD impact on UL cancellation DCI format 2_4.

2.3 SBFD operation in RRC idle/in-active mode
At RAN1#112bis meeting, it was agreed to study whether/how to support SBFD operation in SSB symbols.
	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.



In legacy specification, SSB always has higher priority than other channels/signals. For example, UL transmission colliding with SSB symbols would be cancelled. The benefit to apply SBFD operation in SSB symbols is not clear. Furthermore, SSB are cell specific channel/signal for both legacy UEs without SBFD capability and SBFD capable UEs. Assuming DL and UL subbands on SSB symbol, it may cause issue for legacy UEs without SBFD awareness. Therefore, SBFD operation on SSB symbol should be avoided. 
Proponents of option 2 think that it may be difficult to avoid UL subband configuration in SSB symbols. In legacy NR, gNB can avoid configuring SSB symbol as UL. In our understanding, the case is similar and it seems not problematic to avoid UL subband to be configured in SSB symbol. 
Therefore, Option 1 is preferred, i.e. UL subband cannot be configured in an SSB symbol.

Proposal 11: Not support SBFD operation with UL subband in SSB symbol.

In legacy RACH procedure, valid RO is determined based on semi-static TDD pattern configuration. RO overlapping with semi-static DL symbol would be regarded as invalid RO. For SBFD, when UL subband  is configured in a DL symbol, PRACH and Msg 3 PUSCH transmission in UL subband of the SBFD symbol would be beneficial for RACH procedure latency reduction. In legacy RACH procedure, UE doesn’t monitor RAR in symbol(s) with valid RO. If RO in UL subband in SBFD symbol is regarded as valid, it should not be precluded that UE can monitor RAR in DL subband of the symbol, when UE doesn’t transmit PRACH on any valid RO in the symbol.
[image: ]
Fig 8: ROs in SBFD symbol

Proposal 12: 
· Support PRACH and Msg 3 PUSCH transmission in UL subband in SBFD symbol.
· Support UE monitoring RAR in DL subband in SBFD symbol, if UE doesn’t transmit PRACH in any valid RO on the symbol.


2.4 UE-to-UE CLI measurement and reporting
As guided by RAN1#109-e agreements, interference management enhancements common for dynamic TDD and SBFD will be discussed in AI 9.3.3, and interference management enhancements specific for SBFD will be discussed in AI 9.3.2, including gNB self-interference, UE-to-UE inter-subband CLI, and gNB-to-gNB inter subbband CLI.

At RAN1#112 meeting, it was agreed to study three methods for inter-subband CLI measurement.

	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.



UE-to-UE CLI-RSSI measurement within DL subband

UE-to-UE CLI-RSSI measurement within DL subband is already supported in Rel-16. Some SBFD specific aspects can be considered. 

For the legacy CLI-RSSI measurement, one contiguous subband can be configured for CLI-RSSI measurement resource. With SBFD operation, there may be non-contiguous DL subbands in SBFD symbol. To address the non-contiguous DL subbands in SBFD case, it was agreed to study three possible methods.

	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 



For method #1, considering the limited number of CLI measurement resources, separate CLI-RSSI measurement resources/reports in each DL subband is not preferred. For method #2, since the interference levels in each DL subband due to scheduling are possible to be different, it is beneficial to measure/report CLI level in each DL subband. Therefore, method #3 is preferred. 

On the other hand, with SBFD operation, CLI interference level at different RB locations may vary. CLI reporting with finer granularity is beneficial to identify different interference levels at different RB locations. Multiple non-contiguous or contiguous subbands for CLI-RSSI measurement resources would be beneficial.

Proposal 13: For CLI-RSSI measurement in DL subband, 
· Study non-contiguous CLI-RSSI resources across DL subbands.
· Study subband based CLI-RSSI measurement/report.

UE-to-UE CLI measurement within UL subband

UE-to-UE CLI-RSSI or SRS-RSRP measurement in UL BWP is not supported in Rel-16. The necessity to introduce such scheme should be clarified first. For semi-static SBFD case, UL subband for each UE is used for UL transmission. It is not necessary to measure UE-to-UE CLI in UL subband. When dynamic SBFD operation is enabled, e.g. DL reception is allowed in a configured UL subband, it may be helpful to measure the UE suffered UE-to-UE CLI within the UL subband.

If UE-to-UE CLI measurement within UL subband is supported, more details need to be studied, e.g. when and how to perform CLI measurement in UL subband, measurement RS and reporting framework, possible impact on UE DL reception and UL transmission behavior, etc.

As UL subband is configured for UL transmission, when and how to perform CLI measurement in UL subband needs to be studied. For example, whether UE always performs CLI measurement within UL subband as long as such CLI measurement is configured within UL subband, or additional conditions to enable UE measuring CLI within UL subband is needed (e.g. triggered by DCI, or dynamic SBFD indication disables SBFD operation on the symbol, etc.)? And whether the SRS-RSRP/CLI-RSSI measurement resource should be confined within the UL subband in SBFD symbol, or it’s possible to be within and outside UL subband in SBFD symbol?

Regarding measurement RS and reporting framework for SRS-RSRP/CLI-RSSI measurement within ULsubband, Rel-16 SRS-RSRP and CLI-RSSI measurement RS and reporting framework, and/or Rel-18 enhanced SRS-RSRP/CLI-RSSI measurement RS and reporting framework can be the baseline.

Regarding impact on UE DL reception and UL transmission behavior, assuming UE measuring CLI in the symbol, UE should not transmit any UL transmission within or outside UL subband in the symbol. For simultaneous DL reception within DL subband in the symbol, it may depend on UE capability. 

Proposal 14: Study CLI-RSSI or SRS-RSRP measurement for dynamic SBFD case.
· Study the condition for UE measuring UE-to-UE CLI within UL subband. 
· Rel-16 SRS-RSRP and CLI-RSSI measurement RS and reporting framework, and Rel-18 enhanced SRS-RSRP/CLI-RSSI measurement RS and reporting framework can be baseline.
· Whether UE can receive DL reception within DL subband simultaneously is up to UE capability.

3. Conclusion
In this contribution, we discussed subband non-overlapping full duplex. We have the following observations and proposals:
Proposal 1: NOT support dynamic indication of DL/UL subband frequency domain location.

Proposal 2: Support a slot consisting of both SBFD and non-SBFD symbols.
· At most one switching point between SBFD and non-SBFD symbols in one slot is allowed.
· FFS the limited number of switching between SBFD and non-SBFD symbols in one TDD configuration period.

Proposal 3: Support dynamic SBFD for SBFD operation in DL symbol and flexible symbol.
· For SBFD DL symbol, option 2 is applied when the symbol is indicated as non-SBFD symbol by dynamic indication.
· For SBFD flexible symbol, option 3 is applied when the symbol is indicated as non-SBFD symbol by dynamic indication. 

Proposal 4: Study whether/how to support SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon and configured as flexible in TDD-UL-DL-Dedicated.
· At least support SBFD operation in such symbol when SFI is not configured.
· Further study whether/how to support SBFD operation in symbol indicated as DL/flexible by SFI.

Proposal 5: For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots, study potential enhancement to support transmissions/receptions can be in SBFD symbols and non-SBFD symbols.

Proposal 6: For CSI report associated with periodic/semi-persistent CSI-RS across SBFD symbols and non-SBFD symbols in different slots, 
· If CSI-RS occasions for one CSI-RS resource index are restricted to only SBFD or only non-SBFD symbols in different slots, study option 2-1.
· If CSI-RS occasions for one CSI-RS resource index can be in SBFD and non-SBFD symbols in different slots, study option 2-2.

Proposal 7: Study SBFD impact on PUSCH repetition type B segmentation.
Proposal 8: Study SBFD impact on SPS HARQ-ACK deferring.

Proposal 9: For DL channel/signal in DL subband and UL channel/signal in UL subband in the same SBFD symbol, study predefined rules to determine whether UE will receive in DL subband or transmit in UL subband in the same SBFD symbol. 
· Type 1 collision case: The DL and UL channels/signals are scheduled by DCI without repetitions. 
· Type 2 collision case: Only DL (or UL) channel/signal is scheduled by DCI without repetitions, while UL (or DL) channel/signal is configured by higher layer (with or without DCI/MAC CE activation).
· Type 3 collision case: The DL and UL channels/signals are configured by higher layer.
· Type 4 collision case: The DL and/or UL channels/signals are with multiple repetitions. 

Proposal 10: Study SBFD impact on UL cancellation DCI format 2_4.
Proposal 11: Not support SBFD operation with UL subband in SSB symbol.

Proposal 12: 
· Support PRACH and Msg 3 PUSCH transmission in UL subband in SBFD symbol.
· Support UE monitoring RAR in DL subband in SBFD symbol, if UE doesn’t transmit PRACH in any valid RO on the symbol.

Proposal 13: For CLI-RSSI measurement in DL subband, 
· Study non-contiguous CLI-RSSI resources across DL subbands.
· Study subband based CLI-RSSI measurement/report.

Proposal 14: Study CLI-RSSI or SRS-RSRP measurement for dynamic SBFD case.
· Study the condition for UE measuring UE-to-UE CLI within UL subband. 
· Rel-16 SRS-RSRP and CLI-RSSI measurement RS and reporting framework, and Rel-18 enhanced SRS-RSRP/CLI-RSSI measurement RS and reporting framework can be baseline.
· Whether UE can receive DL reception within DL subband simultaneously is up to UE capability.
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