[bookmark: OLE_LINK3]3GPP TSG RAN WG1 #112			R1-2301491
Athens, Greece, February 27th – March 3rd, 2023

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Discussion on subband non-overlapping full duplex
[bookmark: Source]Agenda Item:	9.3.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
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).



At RAN1#110bis-e meeting, following agreements were achieved.
	Agreement
For SBFD operation at least for RRC_CONNECTED state, it is agreed that SBFD operation Alt 4 is the baseline.
· SBFD operation Alt 4:
· Both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
· From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs based on the time and frequency locations of subbands for SBFD operation.
Agreement
For semi-static configuration of subband frequency locations for SBFD operation, at least explicit indication of frequency location of UL subband is required.
· FFS: Whether frequency location of other subbands types is explicitly indicated or implicitly determined.
Agreement
Study impact and potential enhancements of CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subbands.
Agreement
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 
· If there are, whether/how to avoid/handle such collision cases (as second step)
Agreement
Study impact/potential enhancements for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency.
Agreement
Study whether SBFD operation in SSB symbols is supported or not.
Agreement
For SBFD operation within a TDD carrier, it is agreed that SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies is the baseline.
Agreement
The maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one for the study in RAN1.
· The UL subband can be located at one side of the carrier.
· The UL subband can be located at the middle part of the carrier, subject to RAN4’s study and conclusion
Note: RAN1 considers the above two possibilities unless RAN4 concludes that any one is infeasible.
Note: Two UL subbands for SBFD operation in an SBFD symbol within a TDD carrier due to SBFD operation in legacy UL symbols is subject to further RAN1 discussions which is 2nd priority as per RAN guidance.
Send an LS to RAN4 to inform the above agreement. If RAN4 has response, it will be taken into account but in the meanwhile, RAN1 work will continue based on the above.
LS on maximum number of UL subbands for duplex evolution to RAN4 is endorsed. Final LS in R1-2210671.
Agreement
For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period is the baseline.



In this contribution, possible solutions for subband non-overlapping full duplex and impact to legacy operation are discussed.
2. Discussions
2.1 DL/UL 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. 

Indication of SBFD DL/UL subband time and frequency location
During RAN1#110bis-e meeting, it was agreed that at least UL subband frequency domain location should be explicitly indicated. Besides UL subband, the frequency location of DL subband also needs to be known by UE. Explicit indication of DL subband frequency location is the most straightforward solution. Implicit indication is also possible. For example, if guard band between DL and UL subbands is not required, the DL subband frequency location can be implicitly derived based on the UL subband frequency location. If guard band is required, the DL subband frequency location can be determined based on UL subband frequency location and guard band location (or size). For this case, explicit indication of guard band size or location should be supported.

Proposal 1: 
· If guard band between DL and UL subband in SBFD symbol is required, either DL subband  frequency location or guard band size should be explicitly indicated.
· If guard band between DL and UL subband in SBFD symbol is not required, DL subband  frequency location can be implicitly determined based on UL subband frequency location.

In RAN1#110 meeting, it was agreed that semi-static configuration of subband time and frequency location will be studied as baseline. Regarding whether to support dynamic indication of DL/UL subband allocation, we think it can be separately discussed for indication of subband frequency domain allocation and subband time domain location. 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. Regarding dynamic indication of DL/UL subband time domain location, it can provide more flexibility for gNB to adjust SBFD symbol location according to timely DL/UL traffic characteristics, e.g. dynamically converting a symbol configured for SBFD operation into non-SBFD symbol.  It also provides more flexibility to better avoid collision with certain signals/channels, e.g. SSB or other multi-cast/broadcast channels/signals. Therefore, dynamic indication of DL/UL subband time domain location should be studied.

Proposal 2:
· Study dynamic indication of DL/UL subband time domain location, at least for converting an SBFD symbol into non-SBFD symbol.
· NOT support dynamic indication of DL/UL subband frequency domain location.

2.2 SBFD operation in DL or flexible symbol
2.2.1 SBFD operation in DL symbol
At RAN1#111 meeting, SBFD operation in symbol configured as DL by TDD-UL-DL-ConfigCommon was agreed. UL transmission within UL subband, and DL reception within DL subband are allowed, and UL transmission outside UL subband are not allowed. 

	Agreement
For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· 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
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol



The FFS point is whether to allow DL receptions within UL subband. In our understanding, the UL subband should only be used for UL transmissions. According to proponents of allowing DL transmission in UL subband in SBFD symbol, the motivation lies in the flexibility that gNB can make use of the UL subband in SBFD symbol for DL or UL based on DL and UL traffic load. However, such flexibility can be achieved by flexibly indicating the symbol as SBFD symbol or non-SBFD symbol, e.g. by indicating/converting the SBFD symbol as non-SBFD DL symbol. In other words, it can be achieved by dynamic indication of SBFD time domain location, instead of violating the principle that only DL reception in DL subband and only UL transmission in UL subband. Therefore, we don’t think DL reception in UL subband in SBFD symbol should be allowed.

Proposal 3: For a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, 
· DL receptions within UL subband(s) are NOT allowed in the symbol
· Support converting a SBFD DL symbol into non-SBFD DL symbol, by dynamic indication of SBFD subband time location.

2.2.2 SBFD operation in flexible symbol
At RAN1#111 meeting, it was agreed to study UE behavior in SBFD symbol configured as flexible by TDD-UL-DL-ConfigCommon. 

	Agreement
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study the following options for SBFD aware UEs,
Option 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
Option 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
Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol for both options. For all RBs outside the UL subband, UE cannot use separate RBs for DL and UL simultaneously



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. In other words, the Option 1 in RAN1#111 agreements is preferred, and DL receptions outside DL subband(s) are not allowed in the symbol.
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
At least for case 3-1, SBFD operation can be supported in the symbol. To keep UE behavior consistency in any SBFD symbol, the Option 1 in RAN1#111 agreements is preferred, and DL receptions outside DL subband(s) are not allowed in the symbol.

Similar to SBFD DL symbol, a SBFD flexible symbol can be dynamically converted into non-SBFD symbol by dynamic indication of SBFD subband time location.

Proposal 4:
· For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon and configured as DL in TDD-UL-DL-Dedicated, 
· support option 1 SBFD operation, and DL receptions outside DL subband(s) are not allowed in the symbol.
· For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon and configured as flexible in TDD-UL-DL-Dedicated, 
· support SBFD operation at least when SFI is not configured;
· support option 1 SBFD operation, and DL receptions outside DL subband(s) are not allowed in the symbol.


2.3 DL and UL collision for SBFD operation
In Re-15/16/17, UE transmission/reception behavior based on slot format indication is specified in TS38.213. Fig 1 shows the example of Re-16 UE reception or transmission based on slot format indication. For dynamically scheduled/triggered DL reception or UL transmission, collision with UL or DL symbol can be avoided by gNB scheduling. For higher layer configured DL receptions or UL transmissions, DL reception or UL transmission will be cancelled if colliding with UL or DL symbol, except that UL collision for SSB/type-0 PDCCH and DL collision for valid PRACH occasion are not expected.
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Fig 1: Example of Re-16 UE reception or transmission based on slot format indication
 
At RAN1#111 meeting, it was agreed to study impact and potential enhancements for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols. However, there are still some cases not covered by the agreed study case “across SBFD symbols and non-SBFD symbols”, e.g., some cases when the DL/UL channel/signal overlapping with SBFD symbol. 
Three cases can be considered for DL and UL collision for SBFD operation:
· Case 1: DL channel/signal vs. UL subband in SBFD symbol
· Case 2: UL channel/signal vs. DL subband in SBFD symbol
· Case 3: DL channel/signal in DL subband vs. UL channel/signal in UL subband in the same SBFD symbol
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Fig 2: Example of DL and UL collision cases for SBFD operation

For case 1 and case 2, the key point is how to resolve the issue of collision with unavailable resource in SBFD symbol for DL/UL channel/signal. More details for this type of collision cases are discussed in section 2.3.1.
 For case 3, the key issue is how to determine whether UE should perform DL reception or UL transmission in the same SBFD symbol. More details for this type of collision cases are discussed in section 2.3.2. 
2.3.1 Possible enhancements for collision with unavailable resource in SBFD operation
Collision case 1 and case 2 will be discussed in this section.
For dynamically scheduled/triggered DL reception or UL transmission without repetition, except the case of multiple PDSCHs/PUSCHs scheduled by single DCI, collision with UL/DL subband in SBFD symbol can be avoided by gNB scheduling, as shown in Fig.3.
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Fig 3: Example of dynamically scheduled channels

Channel/signal with repetitions or higher layer configured channel signal 

For higher layer configured DL reception or UL transmission, or for PDSCH/PUSCH/PUCCH repetitions, as shown in Fig.4 and Fig. 5, UE behavior for collision handling needs to be discussed. 
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Fig 4: Example of higher layer configured channels/signals
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Fig 5: Example of PDSCH/PUSCH repetitions

For collision handling with SBFD symbol for higher layer configured DL reception or UL transmission, or for PDSCH/PUSCH/PUCCH repetitions, generally three alternatives can be considered. And different alternative may be applicable to different collision cases.
· Alt 1: UE does not expect collision of higher layer configured DL reception or UL transmission with UL subband or DL subband in SBFD symbol. 
· Alt 2: Separate higher layer DL reception or UL transmission configuration for SBFD symbols and non-SBFD symbols, e.g. separate PDCCH monitoring configuration or PUCCH resource configuration.
· Alt 3: No separate configuration, but special handling is needed if higher layer configured DL/UL channel/signal colliding with UL/DL subband in SBFD symbol, e.g. the DL/UL channel/signal is canceled or rate matched around DL/UL subband, or different interpretations are applied for frequency resource allocation for SBFD symbol and non-SBFD symbol.

For Alt 1, no specification impact is needed. It is up to gNB to guarantee no collision with DL/UL subband in SBFD symbol. It may lead to too restricted scheduling/configuration. For Alt 2, there is little impact on legacy UE operation, and special handling for collision with SBFD symbol or unavailable resource on SBFD symbol is not needed. But it may bring complexity to both NW and UE due to multiple sets of configurations, with different configurations applicable to different set of symbols/slots. For Alt 3, special handling needs to be defined.

Table 1: Analysis for possible solutions
	
	Pros
	Cons

	Alt 1
	No specification impact.
	Too restricted scheduling/configuration.

	Alt 2
	Little impact on legacy UE operation; no need to define special handling for collision with SBFD symbol
	Complexity due to multiple sets of configurations, with different configurations applicable to SBFD and non-SBFD symbol.

	Alt 3
	Common configuration always applicable.
	Special handling needs to be defined, and new special handling may have impact on broadcast channels/signals reception/detection for legacy UE.



Proposal 5: For Rel-18 subband non-overlapping full duplex, at least for higher layer configured channels/signals, three alternatives can be considered:
· Alt 1: UE does not expect collision of higher layer configured DL reception or UL transmission with UL subband or DL subband in SBFD symbol. 
· Alt 2: Separate higher layer DL reception or UL transmission configuration for SBFD symbols and non-SBFD symbols, e.g. separate PDCCH monitoring configuration or PUCCH resource configuration.
· Alt 3: No separate configuration, but special handling is needed if higher layer configured DL/UL channel/signal colliding with UL/DL subband in SBFD symbol, e.g. the DL/UL channel/signal is canceled or rate matched around DL/UL subband, or different interpretations are applied for frequency resource allocation for SBFD symbol and non-SBFD symbol.

Besides above general discussion for different channels/signals, some specific enhancements can be considered for specific channel/signal.

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 6. 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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Figure 6: Example of PUSCH repetition type B
Proposal 6: 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 7. Considering SBFD operation with UL subabnd in semi-static DL symbol, impact on SPS HARQ-ACK deferring should be studied.
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Figure 7: Example of SPS HARQ-ACK deferring
Proposal 7: Study SBFD impact on SPS HARQ-ACK deferring.

CSI-RS resource (set) and CSI reporting
For CSI-RS, only wideband contiguous RB allocation (number of RBs no smaller than 24) is supported currently.
For SBFD operation with DL-UL-DL subband pattern in SBFD symbol, it is possible that contiguous frequency band allocation of a CSI-RS resource may collide with UL subband in SBFD symbol. In order to better avoid overlapping with UL subband, non-contiguous RB allocation for CSI-RS or narrow band RB allocation for CSI-RS (e.g. smaller value than 24 for number of RBs) can be considered. For such case, to cover the wideband CSI reporting band, different narrow band CSI-RS resources may need to be configured. Based on current restrictions (e.g. same frequency band allocation for CSI-RS resources in one resource set), it might require three CSI resource sets/settings/reporting configuration and/or three CSI reports in one or multiple CSI reporting instances to report measurement covering the wide reporting band. Therefore, it would introduce much overhead on CSI resource/CSI resource set/CSI resource setting configuration and CSI reporting configuration, and also on CSI report overhead. Potential enhancement can be considered to reduce RRC configuration overhead and/or CSI reporting overhead. One example is to allow different frequency band configurations (i.e. different starting PRB and number of RBs) for CSI-RS resources in the same CSI-RS resource set. Another example is to associate different CSI-RS resources with different frequency band configurations and treat them as one “effective CSI-RS”.
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Fig 8: Example of associated CSI-RS resources
On the other hand, considering the interference level at SBFD symbol and at non-SBFD symbol may be different, whether to separately report CSI for non-SBFD symbol/slot and for SBFD symbol/slot may need to be considered.
[image: 图示

描述已自动生成]
Fig 9: Example of CSI reporting on SBFD and non-SBFD symbol

Proposal 8: Study possible enhancements on CSI-RS configuration and CSI reporting, including:
· Study non-contiguous RB allocation for CSI-RS or narrow band RB allocation for CSI-RS (e.g. smaller value than 24 for number of RBs).
· Study possible enhancements for CSI reporting overhead reduction for SBFD, e.g. to allow different frequency band configurations (i.e. different starting PRB and num-ber of RBs) for CSI-RS resources in the same CSI-RS resource set, or to associate different CSI-RS resources with different frequency band configurations and treat them as one “effec-tive CSI-RS”.
· Study whether to separately report CSI for non-SBFD symbol/slot and for SBFD symbol/slot.
2.3.2 Possible enhancements for SBFD symbol direction determination 
Collision case 3 (i.e. DL channel/signal in DL subband vs. UL channel/signal in UL subband in the same SBFD symbol) will be discussed in this section. 
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Fig 10: 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 11: 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. 
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Fig 12: 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). 
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Fig 12: 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 12: 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. 


2.3.3 SBFD operation in RRC idle/in-active mode

SSB and type-0 PDCCH are cell specific channel/signal for both legacy UEs without SBFD capability and SBFD capable UEs. Assuming DL and UL subbands on SSB or type-0 PDCCH symbol, it may cause issue for legacy UE without SBFD capability. Therefore, SBFD operation on SSB or CORESET#0 symbol should be avoided. 
Proposal 10: Not support SBFD operation with UL subband on SSB symbol or CORESET #0 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.

Proposal 11: 
· 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.

2.2.4 Other aspects 
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. 
	[bookmark: _Toc29894870][bookmark: _Toc29899169][bookmark: _Toc29899587][bookmark: _Toc29917321][bookmark: _Toc36498195][bookmark: _Toc45699223][bookmark: _Toc106629470]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 12: Study SBFD impact on UL cancellation DCI format 2_4.

2.3 Cross-link interference for SBFD
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.

UE-to-UE inter-subband CLI 
In Rel-16 dynamic TDD, CLI-RSSI and SRS-RSRP measurement/reporting are supported for UE-to-UE inter-cell CLI management. However, only CLI-RSSI measurement and reporting is applicable for both inter-subband and intra-subband CLI, while SRS-RSRP is not applicable for inter-subband CLI (since legacy Rel-16 SRS-RSRP can be measured only in DL subband). Therefore, legacy SRS-RSRP measurement and reporting is not applicable for SBFD, and only CLI-RSSI measurement and reporting can be reused for SBFD.
Observation 1: Rel-16 legacy SRS-RSRP measurement and reporting is not applicable for SBFD.

Regarding possible enhancements for CLI-RSSI measurement/reporting for SBFD, enhancements like beam specific CLI measurement/reporting and Layer 1 based CLI measurement/reporting as discussed in companion contribution [3] in AI 9.3.3 are also applicable for SBFD. 
Observation 2: Enhancements like beam specific CLI measurement/reporting and Layer 1 based CLI measurement/reporting are also applicable for SBFD.

Some SBFD specific aspects can also be considered. For example, 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. 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. Therefore, multiple non-contiguous or contiguous subbands for CLI-RSSI measurement resource would be beneficial.

Proposal 13: Study CLI-RSSI measurement and reporting with multiple subbands for CLI-RSSI measurement resource.

Inter-gNB coordination
In Rel-16 inter-gNB coordination, TDD patterns can be exchanged. With SBFD operation, exchanging more detailed DL/UL subband allocation would be beneficial for interference mitigation. Therefore, DL/UL subband allocation information also needs to be exchanged.

Proposal 14: Support inter-gNB coordination enhancement with DL/UL subband allocation exchanged between gNBs.
3. Conclusion
In this contribution, we discussed subband non-overlapping full duplex. We have the following observations and proposals:
Observation 1: Rel-16 legacy SRS-RSRP measurement and reporting is not applicable for SBFD.
Observation 2: Enhancements like beam specific CLI measurement/reporting and Layer 1 based CLI measurement/reporting are also applicable for SBFD.

Proposal 1: 
· If guard band between DL and UL subband in SBFD symbol is required, either DL subband  frequency location or guard band size should be explicitly indicated.
· If guard band between DL and UL subband in SBFD symbol is not required, DL subband  frequency location can be implicitly determined based on UL subband frequency location.

Proposal 2:
· Study dynamic indication of DL/UL subband time domain location, at least for converting an SBFD symbol into non-SBFD symbol.
· NOT support dynamic indication of DL/UL subband frequency domain location.

Proposal 3: For a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, 
· DL receptions within UL subband(s) are NOT allowed in the symbol
· Support converting a SBFD DL symbol into non-SBFD DL symbol, by dynamic indication of SBFD subband time location.

Proposal 4:
· For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon and configured as DL in TDD-UL-DL-Dedicated, 
· support option 1 SBFD operation, and DL receptions outside DL subband(s) are not allowed in the symbol.
· For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon and configured as flexible in TDD-UL-DL-Dedicated, 
· support SBFD operation at least when SFI is not configured;
· support option 1 SBFD operation, and DL receptions outside DL subband(s) are not allowed in the symbol.

Proposal 5: For Rel-18 subband non-overlapping full duplex, at least for higher layer configured channels/signals, three alternatives can be considered:
· Alt 1: UE does not expect collision of higher layer configured DL reception or UL transmission with UL subband or DL subband in SBFD symbol. 
· Alt 2: Separate higher layer DL reception or UL transmission configuration for SBFD symbols and non-SBFD symbols, e.g. separate PDCCH monitoring configuration or PUCCH resource configuration.
· Alt 3: No separate configuration, but special handling is needed if higher layer configured DL/UL channel/signal colliding with UL/DL subband in SBFD symbol, e.g. the DL/UL channel/signal is canceled or rate matched around DL/UL subband, or different interpretations are applied for frequency resource allocation for SBFD symbol and non-SBFD symbol.

Proposal 6: Study SBFD impact on PUSCH repetition type B segmentation.
Proposal 7: Study SBFD impact on SPS HARQ-ACK deferring.

Proposal 8: Study possible enhancements on CSI-RS configuration and CSI reporting, including:
· Study non-contiguous RB allocation for CSI-RS or narrow band RB allocation for CSI-RS (e.g. smaller value than 24 for number of RBs).
· Study possible enhancements for CSI reporting overhead reduction for SBFD, e.g. to allow different frequency band configurations (i.e. different starting PRB and num-ber of RBs) for CSI-RS resources in the same CSI-RS resource set, or to associate different CSI-RS resources with different frequency band configurations and treat them as one “effec-tive CSI-RS”.
· Study whether to separately report CSI for non-SBFD symbol/slot and for SBFD symbol/slot.

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: Not support SBFD operation with UL subband on SSB symbol or CORESET #0 symbol.

Proposal 11: 
· 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 12: Study SBFD impact on UL cancellation DCI format 2_4.
Proposal 13: Study CLI-RSSI measurement and reporting with multiple subbands for CLI-RSSI measurement resource.
Proposal 14: Support inter-gNB coordination enhancement with DL/UL subband allocation exchanged between gNBs.
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