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In last RAN1 meeting, the following agreements and conclusions were made [1]:
Agreement
Study whether/how to inform the UE of the time and/or frequency location of subbands that gNB would use for SBFD operation.
Agreement
Study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation.
Agreement
At least study SBFD operation within a TDD carrier
Conclusion
For discussion purpose only, SBFD symbols is defined as symbols with subbands that gNB would use for SBFD operation. 
Conclusion
For discussion purpose, for SBFD operation within a TDD carrier, a SBFD subband consists of 1 RB or a set of consecutive RBs for the same transmission direction.
Agreement
The time and frequency location of subbands within a TDD carrier are not fixed in the specification.
· Subject to any RAN4 guidance on minimum or maximum subband and guardband size and subband location within TDD carrier. 
· Note that whether the time and/or frequency location of subbands are informed to UE is separately discussed.

In this contribution, the possible solutions, feasibility, and impact to legacy operation of subband non-overlapping full duplex will be discussed.
Subband non-overlapping full duplex scheme
In this section, some general aspects of SFBD will be discussed, including potential SBFD subband configurations, methods to enable Rel-18 SBFD operation and support the coexistence between Rel-15/16/17/18 UEs without SBFD capability and Rel-18 UEs with SBFD capability in the same SBFD network.
SBFD subband configurations
[bookmark: _Hlk100579889]Compared with conventional TDD operation, the key characteristic of SBFD is to allow the simultaneous FDMed downlink and uplink operation in a TDD carrier which can provide enhanced UL coverage, reduced latency and improved system capacity. To support such operation, at least in some slots, at least one UL subband and at least one DL subband need to be simultaneously supported. The suitable SBFD subbands partitioning depends on the concrete deployment scenario of the TDD carrier. Two SBFD subband configurations have been agreed in last meeting for SBFD evaluation.
[bookmark: _Hlk101374115]SBFD subband configuration#1 
SBFD subband configuration#1 with {DUD} pattern means one SBFD slot consists of one UL subband at the center of the channel bandwidth and two DL subbands at two sides of the channel bandwidth.
This SBFD subband configuration is more suitable for the case that three operators coexist in three adjacent carriers in the same TDD band as illustrated in Figure 1, in which the carrier in the middle is deployed with SBFD operation while the two adjacent carrier at two sides are deployed with legacy TDD operation. This subband configuration is beneficial for operator A to reduce the gNB-to-gNB adjacent channel CLI from operator B and C since the DL subband of operator A can be used as a natural guard band. From UE’s perspective, this subband configuration is also beneficial for operator B and C to reduce the UE-UE adjacent channel CLI from the UL subband of operator A. In this subband configuration, two guard bands may be needed between UL subband and DL subbands, which may cause larger guard band overhead.
[image: ]
[bookmark: _Ref101511148]Figure 1  SBFD subband configuration#1.
SBFD subband configuration#2 
SBFD subband configuration#2 with {DU} pattern means one SBFD slot consists of one UL subband at one side of the channel bandwidth and one DL subband at the other side of the channel bandwidth.
This SBFD subband configuration is more suitable for the case that the carrier deploying SBFD operation is at one side of the TDD band or at one side of the frequency range supported by the RF filter of gNB, as illustrated in Figure 2, in which the UL subband of SBFD carrier is more reasonable to be arranged as far from the other carriers as possible, so that the gNB-gNB adjacent channel CLI and UE-UE adjacent channel CLI can be reduced as much as possible. In this configuration, only one guard band may be needed between the UL subband and DL subband for the SBFD carrier, which cause less guard band overhead compared with SBFD subband configuration#1.
[image: ]
[bookmark: _Ref101511161]Figure 2  SBFD subband configuration#2.
Proposal 1: Both SBFD subband configurations should be taken into account for study of SBFD operation.

Subband time-frequency location indication
Single carrier vs. multi-carrier SBFD operation
In last RAN1 meeting, four subband time-frequency location indication schemes to realize SBFD operation are listed in FL summary [2] and at least SBFD operation within a TDD carrier was agreed to be studied. Some brief analysis of four schemes from our side are listed in Table 1.
Table 1 Analysis of SFBD operation schemes
	SBFD operation scheme
	Analysis

	
	Performance impact
	Pre-requisite UE capability
	Additional RAN4 work

	[bookmark: _Hlk110497461][bookmark: _Hlk110496918]Scheme #1: RB-set based SBFD
	
	No SUL or CA capability is needed
	

	Scheme #2: SUL based SBFD
	Impact due to Tx switching delay between NUL and SUL
	UE needs to support SUL capability
	More SUL operating bands may need to be defined

	[bookmark: _Hlk110496926]Scheme #3: BWP based SBFD
	Impact due to BWP switching delay
	UE may need to support multiple simultaneous active BWPs with different TDD frame structure configurations
	

	Scheme #4: CA based SBFD
	
	UE needs to support CA capability
	More intra-band CA combinations may need to be defined



From the table we can observe that scheme#1 is the baseline of SBFD operation, which doesn’t require UE to support SUL/CA capability or multiple active BWPs, and it doesn’t introduce additional RAN4 spectrum-related work, and it can also avoid performance loss due to Tx/BWP switching delay. Therefore, we think the Rel-18 SBFD should focus on RB-set based SBFD operation and other schemes can be further studied if time allows.
Proposal 2: Focus on RB-set based SBFD operation first, and SUL/CA/BWP based SBFD can be further studied after RB-set based SBFD design is clearer. 

Time and/or frequency location of subbands indication
As the discussion in section 2.2.1, we think the RB-set based SBFD operation scheme should be the baseline of Rel-18 SBFD SI, and the discussion of time and/or frequency location of subbands indication in this section is also based on the RB-set based SBFD operation scheme.
In the SBFD network, gNB can simultaneously perform transmission and reception in the DL subband and UL subband, respectively, but half duplex UEs can only either transmit in the UL subband or receive in DL subband at the same time. If SBFD operation is finally supported in Rel-18 or Rel-19, we assume there will be some specification enhancements for SBFD, and we also assume a separate UE capability will be introduced for the SBFD feature. In the following discussions, we classified the UEs into two categories: one is for the UEs without SBFD capability and the other is for the UEs with SBFD capability. In the SBFD network, it is expected both these two types of UEs should be supported.
In order to enable the SBFD operation and support the co-existence of SBFD capable UEs and SBFD in-capable UEs in the same SBFD network, we can consider two general methods:
Method 1: Transparent subband time-frequency location indication
1) General description: The SBFD subbands’ locations are invisible/transparent to SBFD capable UEs and SBFD in-capable/legacy UEs. gNB broadcasts cell-specific TDD UL/DL configuration with flexible slots in SIB1, and it is based on legacy Rel-15~17 L1 scheduling DCI or UE-specific TDD UL/DL configuration RRC signalling or SFI for UE to further determine UL/DL in these flexible slots via gNB implementation. 

2) Operation details: Since this method is transparent, the operation details are common for SBFD capable UEs and SBFD in-capable/legacy UEs.
· DL: The most important issue for DL reception in a flexible slot is how to ensure the UE performing reception only in the DL subband although the SBFD subbands locations are invisible to the UE. This can be done by some gNB’s implementations, e.g., for PDCCH reception, the CORESET can be configured using 6RB bitmap to avoid using the frequency resources of UL subband, and for PDSCH reception, semi-static PDSCH rate-matching set configuration can be used to fulfil this condition, and for CSI-RS configuration, two narrower bandwidth CSI-RS resources can be configured within the two DL subbands instead of configuring a wideband CSI-RS resource in SBFD slots, etc. 
· Comments: This gNB implementation method for DL reception in flexible slots may have impacts on the other functionalities, e.g., if the current PDSCH rate-matching set configuration is used to avoid UE receiving PDSCH in UL subband, it cannot be used for other purposes any longer, and if two narrower bandwidth CSI-RS resources are used instead of a wideband CSI-RS, it may cause more severe limitation of the number of CSI-RS resources, etc. 
· UL: In order to make sure UE perform UL transmission only in UL subband in flexible slots while perform UL transmission in the whole carrier bandwidth in fixed UL slots, following implementation methods can be used: 
· Opt 1: the UE is configured with one UL BWP which equals to the whole carrier and it is based on gNB’s scheduling to ensure UE transmitting on UL subband frequency resource in flexible slots.
· Comments: Restriction exists for the configuration/usage of PUCCH/SRS/CG PUSCH with this method. For example, for PUCCH configuration, due to the restriction of maximum number of PUCCH resources in one PUCCH resource set, gNB may need to configure a part of PUCCH resources within the UL subband frequency resource and the other part of PUCCH resources with the whole carrier bandwidth. That means only part of the PUCCH resources can be used in flexible slots. In another example for SRS/CG PUSCH configuration, gNB needs to make sure the SRS/CG PUSCH resources configured in a flexible slot should be confined within the UL subband to avoid UE transmitting in DL subband.
· Opt 2: the UE is configured with two UL BWPs, in which one equals to UL subband and the other equals to the whole carrier bandwidth. gNB indicates UE to switch between two UL BWPs in flexible slots and fixed UL slots.
· Comments: UE needs to support two BWPs and there will be BWP switching delay.



Opt 1                           Opt 2
Figure 3  Method 1 to enable SBFD operation.

3) Pros: The significant advantage of this method is that the legacy signaling can be maximumly reused. 

4) Cons: 
· As discussed in above, the implementation methods to realize DL reception in DL subband and UL transmission in UL subband in flexible slots may cause some flexibility degradation for the configuration or usage of DL/UL physical channel/signals.
· There may be a risk by using this method that the commercial UE may encounter interoperation problems when flexible slots are configured by cell-specific TDD UL/DL configuration. In current specification, it is mandatary that UE support cell specific RRC configured UL/DL assignment for TDD and dynamic UL/DL determination based on L1 scheduling DCI with/without cell specific RRC configured UL/DL assignment according to UE feature 5-1, which means it is mandatory that UE supports that some slots are configured as flexible slots by cell-specific TDD UL/DL configuration signalling. However, in current commercial network, it seems no flexible slot is applied in cell-specific TDD UL/DL configuration signalling yet, e.g., in CMCC’s network, DDDDDDDSUU (S: 6D:4G:4U) is used for 2.6GHz, in which the 4 flexible symbols in special slot are used for GP and not for dynamic scheduling. We are not sure whether commercial UEs will encounter interoperation problems or not when the network changes the legacy cell specific TDD UL/DL configuration to a include flexible slots. 

Observation 1: The transparent subband time-frequency location indication scheme is feasible based on the assumption that legacy UE fully support flexible slots/symbols, but may cause some flexibility degradation for the configuration or usage of DL/UL physical channel/signals.

Method 2: Non-transparent subband time-frequency location indication
1) General description: The SBFD subbands’ locations are invisible/transparent to legacy UEs and SBFD incapable UEs, but visible/non-transparent to SBFD capable UEs. 

2) Operation details:
Frequency resource indication: For UEs with SBFD capability, a new signalling can be introduced to configure an SBFD UL frequency region for SBFD symbols. 
· DL: The SBFD UL frequency region can be treated as common rate-matching pattern for all DL channels/signals for UE to avoid performing DL reception in this region in SBFD symbols. 
· UL: The SBFD UL frequency region can be treated as the available resources in the active UL BWP for UL transmission in SBFD symbols. Additional PUCCH/SRS/CG PUSCH/power control parameters configurations can be configured in the SBFD UL frequency region to increase the flexibility of the configuration/usage for PUCCH/SRS/CG PUSCH/power control, e.g., separate PUCCH resource sets can be configured within the SBFD UL frequency region in SBFD symbols and within the whole UL BWP in fixed UL slots. 
Time resource indication:
· Method 2-1: gNB broadcasts legacy cell-specific TDD UL/DL configuration with no flexible slot in SIB1. This method doesn’t have risk for the legacy UEs that do not fully support UL transmission and DL reception in flexible symbols that we discussed in method 1. For SFBD capable UEs, gNB uses a new signalling to indicate SBFD slots/symbols which can override the fixed DL/UL slots/symbols in cell-specific TDD UL/DL configuration.
· Method 2-2: gNB broadcasts legacy cell-specific TDD UL/DL configuration with flexible slots in SIB1 which is the same as method 1, if we are confident that there is not the potential risk for commercial UEs to support the flexible slots. In this method, the flexible slots in the cell-specific TDD UL/DL configurations are used for SBFD, and it is based on gNB’s implementation to schedule UE on DL subband or UL subband in flexible slots/symbols, but the difference from method 1 is the SBFD subband location is visible to SBFD capable UEs as the elaboration above.


Figure 4  Method 2 to enable SBFD operation.

3) Pros: 
· The non-transparent SBFD subbands locations indication method is feasible regardless whether the cell-specific TDD UL/DL configuration includes flexible slot or not. The potential risk for commercial UEs in method 1 can be avoided in method 2-1.
· The potential restrictions on the flexibility of configuration/usage of DL/UL channel/signals can be relaxed, and no BWP switching is needed for UE to switch between SBFD symbols and fixed UL slots.

4) Cons: Larger specification impact is envisioned compared with method 1.

Observation 2: The non-transparent subband time-frequency location indication scheme can provide more flexibility for configuration/usage of DL/UL channel/signals and may also avoid BWP switching delay. 

A brief summary of pros and cons for the three methods is listed in Table 2.
[bookmark: _Ref100320235]Table 2  Summary of three SBFD operation methods
	
	Method 1
	Method 2-1
	Method 2-2

	Cell-specific TDD UL/DL configuration
	Includes flexible slots
	Not include flexible slots
	Includes flexible slots

	SBFD subbands locations indication
	No
	SBFD UL frequency region indication:
· [bookmark: _Hlk110264040]UL: used as available UL transmission resource in SBFD symbols
· DL: used as common rate matching pattern in SBFD symbols

	SBFD slots/symbols indication
	No
	New signalling to override fixed DL/UL slots/symbols in cell-specific TDD UL/DL configuration
	No (the flexible slots in the cell-specific TDD UL/DL configurations are used for SBFD)

	Pros
	Less specification impact
	· The potential risk for commercial UEs in method 1 can be avoided
· The potential restrictions on the flexibility of configuration/usage of DL/UL channel/signals can be relaxed, and no BWP switching is needed for UE to switch between SBFD symbols and fixed UL slots
	The potential restrictions on the flexibility of configuration/usage of DL/UL channel/signals can be relaxed, and no BWP switching is needed for UE to switch between SBFD symbols and fixed UL slots

	Cons
	· Potential risk that commercial UEs may encounter interoperation problems
· Potential flexibility degradation for the configuration or usage of DL/UL physical channel/signals.
	Larger specification impact



Proposal 3: At least inform SBFD capable UE of the frequency location of subbands that gNB would use for SBFD operation.
Proposal 4: A SBFD UL frequency region can be configured for SBFD capable UE:
-	UL: the SBFD UL frequency region is used as available UL transmission in SBFD symbols.
-	DL: the SBFD UL frequency region is used as a common rate matching pattern for all DL signals/channels in SBFD symbols.

UE collision handling between DL and UL
Collision of UL transmission in SSB symbols
In the current spec for operation in licensed spectrum, the time domain positions of the transmitted SS/PBCH blocks is indicated via system information, and UE does not perform UL transmission if the UL transmission is overlapped with SS/PBCH blocks in time-domain.
	[TS 38.213, Clause 11.1]
For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.


For SBFD operation, it needs to be discussed whether the SBFD symbols can overlap with the symbols that are indicated for reception of SS/PBCH blocks or not. If it is allowed, the UE-UE inter-subband CLI may impact the SSB measurement of IDLE/INACTIVE UEs, which cannot be controlled by network since network does not know which UE will perform SSB measurement on these symbols. From this point of view, it is safer to not allow the SBFD symbols overlap with the symbols that are indicated for reception of SS/PBCH blocks.


Figure 5  Time-domain overlapping between SSB and UL transmission.
Proposal 5: It is preferred to not allow the SBFD symbols overlap with the symbols that are indicated for reception of SS/PBCH blocks.

Collision of DL reception in PRACH symbols
Similar to the UL transmission restriction in SSB symbols, there is also DL reception restriction in PRACH symbols, but if the RO is only configured in fixed UL slots in cell-specific TDD DL/UL configuration, it doesn’t have such collision. Therefore, the collision of DL reception in PRACH symbols only exists when RO is configured in SBFD symbols as in Figure 6. 


Figure 6  Time-domain overlapping between RO and DL reception.
[bookmark: _Hlk110267131]Companies provided some motivations to configure RO in UL subband in SBFD symbols including reduce the latency of random access, improve PRACH coverage and offload random access from fixed UL slots to SBFD slots, but these aspects still need more analysis and justification. If RO is allowed to be configured in SBFD symbols, when the aggressor UE transmits PRACH, the UE-UE inter-subband CLI will impact the DL reception of the victim UE. For contention-base RACH, due to the uncertainty of UE transmitting PRACH, it is hard or not possible for gNB to mitigate the UE-UE inter-subband CLI. But for contention-free RACH, the PRACH transmission is controlled by gNB and the UE-UE inter-subband CLI can be avoided and mitigated by gNB’s proper scheduling. Therefore, we think if ROs are allowed to be  configured in UL subband in SBFD symbols, they can be used for contention-free RACH but not for contention-based RACH.
Proposal 6: ROs for contention-free RACH can be configured in UL subband in SBFD symbols. ROs for contention-based RACH cannot be configured in UL subband in SBFD symbols.
Collision of higher layer configured UL transmission and DL reception in the same symbol
The third category of DL/UL collision is higher layer configured UL transmission and DL reception cannot be configured in the same flexible symbol in current NR design which is illustrated in Figure 7, e.g., the periodic CSI-RS and periodic SRS can not be overlapped in the same flexible symbol. 


Figure 7  Time-domain overlapping between higher layer configured UL transmission and DL reception.
As the discussion in section 2.2.2, one potential method to realize SBFD operation is gNB broadcasting flexible slots and using DCI to dynamically change the DL or UL direction of flexible slots. Based on this method, it should be allowed that some higher layer configured UL channel/signals and DL channel/signals can be configured in the same flexible/SBFD symbols. When higher layer configured UL channel/signals and DL channel/signals are configured in the same flexible/SBFD symbols, some handling rules need to be defined, e.g., the priority can be defined or indicated between higher layer UL channel/signals and DL channel/signals. Similar priority configuration/indication has been introduced in some features, such as URLLC and MBS. 
Proposal 7: Higher layer configured UL channel/signals and DL channel/signals can be configured in the same SBFD symbols, and some handling rules can be defined for such cases.
Interference handling
Self-interference (SI) handling
For self-interference handling, it’s up to RAN4 to determine the antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression. In this contribution, some preliminary considerations are shown for information.
In our view, antenna domain, RF domain, and digital domain interference isolation mechanisms may be jointly used to handle self-interference.
Antenna domain isolation
For antenna domain SI isolation, separate-Tx/Rx antenna pattern as shown in Figure 8 can be considered.


[bookmark: _Ref100236412]Figure 8  Separate-Tx/Rx antenna model.
When the Tx antenna and Rx antenna are spaced in the vertical direction with a spacing of , separate-Tx/Rx antenna pattern may provide 45~55dB interference isolation in FR1 according to state-of-art.
Furthermore, the antenna isolation may be further enhanced by placing Bed of Nails (BON), Metallic Fence, etc., between the Tx antenna and the Rx antenna, as shown in Figure 9, which may provide additional 10~20 dB interference isolation according to state-of-art [3].


   
(a) Bed of Nails (BON)																		(b) Metallic Fence
[bookmark: _Ref101691246]Figure 9  Further enhancement on separate-Tx/Rx antenna [4].
[bookmark: _Ref101710845]RF domain isolation
To avoid low-noise amplifier (LNA) and/or analog-to-digital converter (ADC) saturation, RF domain isolation methods can be considered with the following approaches:
· Approach 1: Insert frequency fixed or frequency tunable subband analog filters after PA and before LNA
As shown in Figure 10 (a), to mitigate the inter-subband self-interference in case of SBFD Subband configuration#1 with DUD pattern, a frequency fixed or frequency tunable band-reject subband analog filter is inserted between PA and Tx antenna, and a frequency fixed or frequency tunable band-pass subband analog filter is inserted between Rx antenna and LNA. Approach 1 may provide ~30dB interference isolation according to state-of-art.
· Pros: 
· Given predefined SBFD Subband configuration(s), subband analog filters can be well designed with low cost.
· Work well in rich multipath environment, e.g., indoor, factory, etc.
· This approach can also be used to mitigate inter-gNB inter-subband CLI.
· Cons: 
· Subband analog filter may involve additional insertion loss in the receiver, which may shrink the UL coverage performance.
· [bookmark: _Hlk102051768]Approach 2: Use analogue adaptive RF circuits between PA and LNA
As shown in Figure 10 (b), a multi-tap tunable RF circuit is inserted between PA and LNA to reconstruct SI channel from direct leakage and multipath reflections. Each tap consists of a delay line (), an attenuator (), and a phase shifter (). Approach 1 may provide 20-40 dB interference isolation according to state-of-art [4].
· Pros: 
· Uplink coverage will not be affected since no additional insertion loss in the receiver.
· Cons: 
· May be unfeasible if the number of transmitters and receivers is large, i.e., massive MIMO system
· Higher cost for multi-tap tunable RF circuit.
· Needs for training stage. Note that the aim of analog cancellation is to avoid the ADC saturation. Therefore, at the training stage, the SI signal is transmitted at weak power to carry out optimization while avoiding ADC saturation. After the parameters are tuned, full-duplex transmission is performed.
· Susceptible to fast-changing multipath environment, e.g., indoor, factory, etc. Analogue RF adaptive filter needs training time to catch the changed multipath environment.
· This approach cannot be used to mitigate inter-gNB inter-subband CLI.


  
(a) Subband analog filters approach					(b) Analogue adaptive RF circuits approach [5]
[bookmark: _Ref101694708]Figure 10  RF domain isolation.
A brief summary of pros and cons for the two approaches is listed in Table 3.
[bookmark: _Ref101708414]Table 3  Summary of pros and cons of two RF domain isolation approaches.
	
	Subband analog filters approach
	Analogue RF adaptive filter approach

	Pros
	· Low cost
· Work well in rich multipath environment
· Can also be used to mitigate inter-gNB inter-subband CLI.
	· Uplink coverage will not be affected.

	Cons
	· Additional insertion loss in the receiver may cause uplink coverage degradation
	· May be unfeasible for massive MIMO
· Higher cost
· Needs for training stage
· Susceptible to fast-changing multipath environment, e.g., indoor, factory, etc.
· Cannot be used to mitigate inter-gNB inter-subband CLI.

	Potential scenarios
	· Rich multipath environment and UL coverage insensitive scenarios, such as indoor, factory, etc.
	· gNB has limited number of transmitters and receivers 
· Less multipath environment and UL coverage sensitive scenarios, such as Urban Macro, Rural, etc.


Proposal 8: To avoid low-noise amplifier (LNA) and/or analog-to-digital converter (ADC) saturation, RF domain isolation methods can be considered with the following approaches:
· Approach 1: Insert frequency fixed or frequency tunable subband analog filters after PA and before LNA.
· Approach 2: Insert analogue adaptive RF circuits between PA and LNA.

Digital domain isolation
At least the gNB-gNB per-carrier-ACIR value defined in TR 38.828 as illustrated in Table 4 can be reused for deriving the frequency isolation value due to non-overlapped DL subband and UL subband.
[bookmark: _Ref102036241]Table 4  ACIR following TR 38.828
	
	FR1
	FR2

	ACIR BS-BS (per carrier)
	43 dB
	22.2 dB

	ACIR UE-UE (per carrier)
	28 dB
	16.0 dB


Advanced digital SI cancellation, e.g., spline-based nonlinear digital cancellation to estimate and cancel the nonlinear impact of PA [3], can be further considered to cancel the residue SI interference.
gNB-gNB co-channel inter-subband CLI handling
For co-channel operation, there are two types inter-gNB CLI in SBFD, including: inter-cell gNB-to-gNB inter-subband CLI and inter-cell gNB-to-gNB intra-subband CLI.
As the guidance in last RAN1 meeting, AI 9.3.2 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for SBFD and AI 9.3.3 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD. Therefore, in this contribution, we focus on solutions for co-channel inter-cell gNB-to-gNB inter-subband CLI handling as the following:
· Subband analog filters: As discussed in section 3.1.2, subband analog filters (i.e., RF domain isolation approach 1) can be used to mitigate gNB-to-gNB inter-subband CLI.
· Inter-gNB coordination in time-domain, frequency-domain, spatial-domain, and power domain. Backhaul signalling enhancement may be needed to support inter-vendor cooperation.
Proposal 9: For inter-gNB inter-subband CLI handling, the following methods can be further study:
· Subband analog filtering.
· Inter-gNB coordination in time-domain, frequency-domain, spatial-domain, and power domain.
· Backhaul signalling enhancement may be needed to support inter-vendor cooperation.

UE-UE co-channel inter-subband CLI handling
For co-channel operation, there are two types inter-UE CLI in SBFD, including: intra-cell/inter-cell UE-to-UE inter-subband CLI and inter-cell UE-to-UE intra-subband CLI. In this contribution, we focus on solutions for intra-cell/inter-cell UE-to-UE inter-subband CLI handling.
In Rel-16 CLI, we only consider the inter-cell UE-UE intra-subband interference. In SBFD, we need to additionally consider co-channel inter-subband CLI which can be from intra-cell or inter-cell. Therefore, some enhancements are needed.
The first direction of the enhancement is what quantity should be used for the inter-subband CLI measurement and report. In Rel-16 CLI, victim UE can measure the CLI-SRS RSRP or RSSI within its DL active BWP. But in SBFD, aggressor UE usually transmits SRS in UL subband in SBFD symbols while victim UE usually receives in DL subband in SBFD symbols. Two options of inter-subband CLI measurement quantity can be considered:
· Opt 1: victim UE measures CLI-SRS RSRP in UL subband in SBFD symbols
· Opt 2: victim UE measures SINR/RSSI in DL subband in SBFD symbols
Opt 1 is similar to Rel-16 CLI-SRS RSRP measurement, but victim UE needs to measure the interference signal power in its UL subband not DL subband due to aggressor UE can only transmit CLI-SRS in UL subband. Victim UE can derive the inter-subband CLI based on the measurement of CLI-SRS RSRP and report it to the network and also report the CLI-SRS index to help gNB identify the strongest aggressor UE. This option may need UE to receive in DL subband and measure CLI in UL subband simultaneously to avoid the performance degradation.
In Opt 2, victim UE can measure SINR or RSSI directly in its DL subband, which can reflect the experienced UE-UE inter-subband CLI. Inter-gNB coordination may be needed for network to identify which aggressor UE the inter-subband CLI comes from.
[bookmark: _Hlk110333258]The second direction of enhancement is using L1 based measurement and report to reflect accurate and immediate cross-link interference compared with L3 based measurement and report, especially considering the inter-subband interference in SBFD is complicated and dynamic including both inter-cell and intra-cell interference.
The third direction of enhancement is the backhaul signalling used to exchange necessary information to help network identify which aggressor UE the inter-subband CLI comes from, e.g., exchanging the neighboring cell’s CLI-SRS configuration for Opt 1 measurement quantity, exchanging the neighboring cell’s scheduling information in Opt 2 measurement quantity, etc.
Proposal 10: For inter-UE inter-subband CLI measurement and report in SBFD, consider the following aspects:
· Inter-subband CLI measurement quantity:
· Opt 1: victim UE measures CLI-SRS RSRP in UL subband in SBFD symbols
· Opt 2: victim UE measures SINR/RSSI in DL subband in SBFD symbols 
· L1 based measurement and report.
· Backhaul signalling to exchange necessary information.
Conclusions
In this contribution, the possible solutions, coexistence with legacy operation and interference handling of SBFD are discussed and the following observations and proposals are made.
Observation 1: The transparent subband time-frequency location indication scheme is feasible based on the assumption that legacy UE fully support flexible slots/symbols, but may cause some flexibility degradation for the configuration or usage of DL/UL physical channel/signals.
Observation 2: The non-transparent subband time-frequency location indication scheme can provide more flexibility for configuration/usage of DL/UL channel/signals and may also avoid BWP switching delay. 

Proposal 1: Both SBFD Subband configurations should be taken into account for study of SBFD operation.
Proposal 2: Focus on RB-set based SBFD operation first, and SUL/CA/BWP based SBFD can be further studied after RB-set based SBFD design is clearer. 
Proposal 3: At least inform SBFD capable UE of the frequency location of subbands that gNB would use for SBFD operation.
Proposal 4: A SBFD UL frequency region can be configured for SBFD capable UE:
-	UL: the SBFD UL frequency region is used as available UL transmission in SBFD symbols.
-	DL: the SBFD UL frequency region is used as a common rate matching pattern for all DL signals/channels in SBFD symbols.
Proposal 5: It is preferred to not allow the SBFD symbols overlap with the symbols that are indicated for reception of SS/PBCH blocks.
Proposal 6: ROs for contention-free RACH can be configured in UL subband in SBFD symbols. ROs for contention-based RACH cannot be configured in UL subband in SBFD symbols.
Proposal 7: Higher layer configured UL channel/signals and DL channel/signals can be configured in the same SBFD symbols, and some handling rules can be defined for such cases.
Proposal 8: To avoid low-noise amplifier (LNA) and/or analog-to-digital converter (ADC) saturation, RF domain isolation methods can be considered with the following approaches:
· Approach 1: Insert frequency fixed or frequency tunable subband analog filters after PA and before LNA.
· Approach 2: Insert analogue adaptive RF circuits between PA and LNA.
Proposal 9: For inter-gNB inter-subband CLI handling, the following methods can be further study:
· Subband analog filtering.
· Inter-gNB coordination in time-domain, frequency-domain, spatial-domain, and power domain.
· Backhaul signalling enhancement may be needed to support inter-vendor cooperation.
Proposal 10: For inter-UE inter-subband CLI measurement and report in SBFD, consider the following aspects:
· Inter-subband CLI measurement quantity:
· Opt 1: victim UE measures CLI-SRS RSRP in UL subband in SBFD symbols
· Opt 2: victim UE measures SINR/RSSI in DL subband in SBFD symbols 
· L1 based measurement and report.
· Backhaul signalling to exchange necessary information.
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