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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#110 [1], subband non-overlapping full duplex was discussed and the following agreements were made
	Agreement
Study the following alternatives with Alt 4 prioritized, for SBFD operation at least for RRC_CONNECTED state.
· SBFD operation Alt 1:
· Time and frequency locations of subbands for SBFD operation are not known to UEs. 
· UE behaviors follow existing specifications without introducing new UE behaviors for SBFD operation at gNB side.
· SBFD operation Alt 2:
· Time and frequency locations of subbands for SBFD operation are not known to UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
· From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs
· SBFD operation Alt 3:
· Only time location of subbands for SBFD operation is 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 location of subbands for SBFD operation 
· 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.
UE capability discussion is held in work item phase.
Agreement
For indication of subband locations for SBFD operation, study semi-static configuration of subband time and frequency location as baseline.
Agreement
For semi-static configuration of subband location, consider same subband frequency resources across different SBFD symbols as baseline.
Working Assumption
For SBFD operation within a TDD carrier, study SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies as baseline. 
· FFS feasibility and potential benefit of SBFD scheme within a single configured DL and UL BWP pair with unaligned center frequencies
· FFS feasibility and potential benefit of SBFD scheme with more than one configured DL and UL BWP pair with aligned/unaligned center frequencies for a DL and UL BWP pair
Agreement:
For SBFD operation Alt 4, for an SBFD aware UE configured with an UL subband in an SBFD symbol, study the following options:
· Option 1: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband or to be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 2: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband and may be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 3: The SBFD aware UE does not expect to be scheduled with DL reception within the UL subband and may be scheduled with UL transmission outside the UL subband in the SBFD symbol
· Option 4: The SBFD aware UE may be scheduled with UL transmission outside the UL subband or DL reception within the UL subband in the SBFD symbol
Agreement:
Study the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for SBFD, at least includes:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB
Note: other enhancement(s) for gNB-to-gNB and UE-to-UE CLI handling specific for SBFD are not precluded.


In this contribution, we continue to discuss the potential solutions for SBFD, including resource allocation and indication, collision handling, interference handling at both sides of gNB and UE, etc.

2. Discussion on SBFD
2.1 Resource allocation and indication
Three issues are discussed in this section: SBFD operation across carriers, SBFD operation within a carrier, subband time-frequency resource allocation, and UL/DL resource indication.
2.1.1 SBFD operation across carriers
In RAN1#109-e [2], it was agreed to at least study SBFD operation within a carrier. For SBFD operation across carriers, it is equivalent to intra-band TDD CA with different TDD configurations as shown in Fig. 1. One CC can be regarded as one subband. Therefore, there is no need to introduce subband configurations since it is already possible to configure different TDD configurations on different carriers based on current specification. From gNB point of view, it can support simultaneous transmission and reception in different carriers within a band. For a given UE, it is still half duplex within the band, i.e. either transmit or receive in one symbol or slot. 
From deployment perspective, intra-band TDD CA is more suitable when there is a large bandwidth within one band. One typical use case is machine vision in indoor factories, which requires high uplink capability. Another use case is industrial IoT such as real time remote control, which requires low end-to-end latency. These two services may coexist in the same factory area, and CA based solution is a natural solution. And for industrial applications, the complexity to support carrier aggregation at the UE may also be less of a concern. 
In the Rel-16 UE half-duplex for TDD CA TEI, the UE behavior was specified for UEs not capable of simultaneous UL transmission and DL reception on the same symbol on different TDD carriers in the same band. According to the half-duplex rule, the UE can determine the link direction of the OFDM symbol with different UL/DL direction indications on different carriers. For SBFD operation, a semi-static rule is not proper because the gNB is operating with UL and DL on different carriers simultaneously. Therefore, it should allow the UE to be scheduled with either DL or UL on different carriers. This potential enhancement to collision handling is similar for SBFD operation within a carrier and across carriers as discussed in section 2.4.
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Fig. 1 SBFD operation across carriers.

In terms of interference, there is no fundamental difference for intra-band TDD CA with different TDD configurations compared to SBFD operation within a carrier. The interference types are illustrated in Fig. 2. The potential solutions to mitigate the gNB-gNB interference and UE-UE interference are common for SBFD operation within a carrier and across carriers.
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[bookmark: _Ref110087121]Fig. 2 Interference types for intra-band TDD CA with different TDD configurations.

Overall, the support of SBFD operation across carriers does not seem to require any specific standardization effort compared to the support of SBFD operation within a carrier. What is required is to apply the similar collision handling rule from single carrier to carrier aggregation. Therefore, they can be studied with equal priority.
Observation 1: SBFD operation across carriers does not require specific collision handling rules than the ones that also required by SBFD operation within a carrier.
Proposal 1: SBFD operation within a carrier and across carriers can be studied with equal priority.

2.1.2 SBFD operation within a carrier
In RAN1#110 [1], the following Working Assumption was obtained.
	Working Assumption
For SBFD operation within a TDD carrier, study SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies as baseline. 
· FFS feasibility and potential benefit of SBFD scheme within a single configured DL and UL BWP pair with unaligned center frequencies
· FFS feasibility and potential benefit of SBFD scheme with more than one configured DL and UL BWP pair with aligned/unaligned center frequencies for a DL and UL BWP pair


For the main bullet, our understanding is that the intention of the proposal is to ensure that the legacy BWP operation for TDD can be reused at the UE even when gNB is operating with SBFD. Although how SBFD subband should be configured is not explicitly mentioned, an RB-set based scheme seems to be compatible with this working assumption and also works fine with different UL and DL subband configurations, as shown in Fig. 3(a). So the working assumption can be confirmed with the above understanding.
For the first FFS, one possible configuration is shown in Fig. 3(b). In this case, the UE has to do RF retuning in case of switching between UL and DL. It can realize the BWP based SBFD operation, i.e., each subband is defined as one BWP and there are only UL or DL resources in the same symbol within a BWP. However, this method may not work well for the frame structure including both X slot and U slot, e.g., XXXXU and DXXXU. The UE may not make full use of the frequency resources in U slot. So the scheduling flexibility is limited and there is some additional UE complexity.
For the second FFS, it can improve the flexibility than the first FFS at the cost of additional UE complexity, e.g. support of multiple active BWP. As shown in Fig. 3(c), it is possible to configure frame structure with X slot and U slot at the same time by configuring two UL BWPs with aligned center frequency. As shown in Fig. 3(d), it is possible to configure frame structure with XXXXU by configuring two UL BWPs with unaligned center frequencies and two DL BWPs with unaligned center frequencies. However, one may need to study the potential performance impact of BWP switching delay, and the specification impacts such as non-contiguous RBs configuration within a BWP, a PUSCH/PDSCH scheduled on different BWPs, periodic BWP switching, and so on should be also be studied.
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Fig. 3 Potential subband configuration within a carrier.

As discussed above, the working assumption can be confirmed and how SBFD subband configuration is done based on RB-set as well as its relationship with the BWP can be studied further.
Proposal 2: Confirm the Working Assumption in RAN1#110, i.e., for SBFD operation within a TDD carrier, study SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies as baseline.
· FFS RB-set based subband configuration

2.1.3 Subband time-frequency resource allocation
The subband frequency-domain resource allocation was discussed in RAN1#109-e [2]. The controversy is how many DL and UL subbands need to be configured in the same symbol.
This issue relates to inter-operator co-existence. As shown in Fig. 4(a), there are three adjacent frequency bands belonging to three different operators, i.e., operator C, A, and B from left to right, respectively. Operator A is operating with SBFD, and operator B and C is operating with legacy TDD with DL transmission. To avoid strong gNB-gNB adjacent-channel CLI from operator B and C to operator A, it is better to configure the UL subband in the middle of the frequency band of operator A, and DL subband in the both sides of the frequency band of operator A. Similarly, if only one frequency band is located neighboring to operator A, e.g., operator C, as shown in Fig. 4(b), it is better not to configure the uplink subband in the left side of the frequency band of operator A. And if there is no other frequency band located neighboring to operator A, as shown in Fig. 4(c), the uplink subband can be configured in the both sides or in the middle of the frequency band.
Therefore, at most three subbands (two UL subbands and one DL subband, or one UL subband and two DL subbands) are sufficient for one operator, as shown in Fig. 4(a). If the number of subbands is too large and flexible, the design of gNB and UE will also be complex, e.g., more filters have to be used at transmitter to suppress the leakage interference, and more filters have to be used at receiver to suppress the blocking interferences.
As discussed above, the following proposal can be obtained.
Proposal 3: The number of subbands in the same symbol for SBFD depends on inter-operator co-existence.
· The transmission direction on a subband of an operator with SBFD should be same as that of another operator with legacy TDD, if the subband of the operator with SBFD is located neighboring to the operator with legacy TDD in frequency domain.
· At most three subbands are sufficient in the same symbol, where two UL subbands and one DL subband, or one subband and two DL subbands.
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Fig. 4 UL/DL subband frequency-domain allocation for inter-operator co-existence.

2.1.4 Link direction for UL/DL subband
In RAN1#110 [1], the SBFD operation Alt 4 was prioritized at least for RRC_CONNECTED state:
· 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.
In addition, for SBFD operation Alt 4, there are four candidate options need to be studied:
· Option 1: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband or to be scheduled with DL reception within the UL subband in the SBFD symbol.
· Option 2: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband and may be scheduled with DL reception within the UL subband in the SBFD symbol.
· Option 3: The SBFD aware UE does not expect to be scheduled with DL reception within the UL subband and may be scheduled with UL transmission outside the UL subband in the SBFD symbol.
· Option 4: The SBFD aware UE may be scheduled with UL transmission outside the UL subband or DL reception within the UL subband in the SBFD symbol.
To study these four options, one should first have a clear definition of UL subband and DL subband. In our view, the UL subband can be defined as a set of consecutive RBs which is only used for UL transmission, and the DL subband can be defined as a set of consecutive RBs which is only used for DL transmission. Among these four options, only option 1 is aligned with this definition.
Compared with option 1, option 2 to option 4 provide more flexibility to make better use of frequency domain resources by allowing DL transmission within the UL subband and/or UL transmission within the DL subband in SBFD symbols. But it deviates from the definition of UL subband and DL subband as above. This may unnecessarily complicate the specification as well as the SBFD operation in practice, e.g. if option 2 is allowed, there will be co-channel intra-subband gNB-gNB/UE-UE interference even when the subband configurations (in term of frequency resources) are aligned among different gNBs.
Overall, RAN1 can first agree on the definition of UL and DL subband and then study further how to enable flexible configuration as well as indication of DL and UL subband, i.e. target to achieve the scheduling flexibility of option 2 to 4, rather than discuss whether or not the link direction can be in violation of the definition of UL and DL subband. Therefore, we proposed the following
Proposal 4: Define the UL subband and DL subband as follows:
· UL subband should be defined as a set of consecutive RBs which is only used for UL transmission;
· DL subband should be defined as a set of consecutive RBs which is only used for DL transmission.
Proposal 5: Study the flexible configuration and indication of DL and UL subband to facilitate flexible scheduling of frequency domain resources.

2.2 Interference handling at gNB side
As discussed in RAN1#109-e [2], the gNB-gNB co-channel inter-subband and adjacent-channel CLI is serious so that the potential benefits of SBFD cannot be obtained, e.g., UL coverage enhancements, low latency, etc. Therefore, it is important to study potential solutions of interference handling at gNB side.
2.2.1 Advanced receiver
A potential solution to suppress the inter-site gNB-gNB co-channel/adjacent-channel inter-subband CLI is using advanced receiver, e.g., MMSE-IRC receiver.
Based on the interference modelling given in our contribution [3], the received signal at gNB of victim can be modeled as follows:

Assuming a MMSE-IRC receiver, the signal after MMSE-IRC receiver can be derived as follows:

where,
· ,  is the UL power transmitted from the target UE ,
· ,  is the UL power transmitted from the UE ,
·  is the legacy inter-cell UE interference,
· , as defined in [3].
· , as defined in [3].
The performance of the advanced receivers is highly dependent on the accuracy of channel estimation and interference covariance matrix estimation. However, it is difficult, if not impossible, to achieve accurate channel and interference measurement if there is strong interference on the measurement resources.

To measure the UL and DL channel without being contaminated by gNB-gNB and UE-UE co-channel and adjacent-channel inter-subband CLI, these CLI should be managed not to affect the channel estimation on UL DMRS and DL DMRS, respectively. So one potential way is to use orthogonal UL DMRS and DL DMRS in time domain. For example, the DL DMRS and UL DMRS are allocated in the third and fourth symbol, as shown in Fig. 5, and the REs in the third symbol in UL subband and the REs in the fourth symbol in DL subband are muted. So the UL and DL channel estimation will not be affected by the gNB-gNB and UE-UE co-channel and adjacent-channel inter-subband CLI. Meanwhile, the UL and DL inter-cell interference can also be measured in the UL DMRS and DL DMRS with a high precision.
To measure the gNB-gNB co-channel and adjacent-channel inter-subband CLI without being contaminated by UL interferences from UEs in other cells, the UL interferences should be managed not to affect the CLI estimation. One potential way is to define specific muting resources for the CLI measurement. Since the UL signal will not be transmitted on these muting resources from UE, and only the CLI is present on these muting resources, so the CLI can be accurately measured on these muting resources. An example is shown in Fig. 5. Some REs in the first/fifth symbol in UL subband are muted, and gNB can thus measure the gNB-gNB co-channel and adjacent-channel inter-subband CLI (PDSCH and PDCCH) in these muting REs with a high precision.
Proposal 6: Study the following aspects related to advanced IRC receivers in SBFD.
· Feasibility and performance of muting the REs on the DL subband in UL DMRS symbols and the REs on the UL subband in DL DMRS to improve channel estimation and inter-cell interference estimation and suppression.
· Feasibility and performance of specific CLI measurement resources to improve gNB-gNB and UE-UE co-channel and adjacent-channel inter-subband CLI estimation and suppression.
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Fig. 5 Interference management for interference suppression based on advanced receiver.

2.2.2 Blocking handling based on transmit beamforming
As analyzed in [3], there could be potential blocking when the receiver is using wideband filter. And the blocking may cause severe demodulation performance degradation at the receiver (there is a corresponding in-band block requirement in RAN4). This is because we are assuming a wideband filter to receive the UL signal on the SBFD slots, where the DL signal will fall into the receiving bandwidth of the UL receiver, as shown in Fig. 6. Although the DL signal and the UL desired signal are in different RBs, the strength of the DL signal is much higher than the UL desired signal, and the strong DL signal will have blocking effect to degrade the receiver performance.
[image: ]
Fig. 6 Illustration of the DL signal and UL signal assuming wideband UL front end filter.

To suppress the DL blocking signal, DL beamforming considering the interference to other BS could be used, e.g. if the channel between transmitter and receiver can be measured, the DL beamforming weights can be manipulated to avoid transmitting in the direction of the receiver by using coordinated beamforming (CBF) as discussed in [4]. Based on CBF, the null of transmit beam at gNB of aggressor will point to the gNB of victim as shown in Fig. 7, thus reducing the blocking power at the gNB of victim.
Proposal 7: Study the feasibility and performance of spatial domain coordination in SBFD to suppress blocking interference caused by DL signal transmitting from the aggressor in the direction of the victim, e.g., coordinated beamforming.

[image: ]
Fig. 7 CBF to suppress blocking interference.

2.2.3 Interference suppression based on analogue filter
Analogue filters are efficient to suppress both the linear and non-linear interference at the cost of additional hardware complexity. Two kinds of analogue filters may be applicable for SBFD operation, one is the filter at the transmitter and the other is the filter at the receiver. For the filter at the transmitter, it can help to reduce the leakage interference to the UL subband. For the filter at the receiver, it can help to reduce the blocking interference, so that the DL signal on the DL RBs will not fall into the receiving bandwidth, and the potential blocking issues can be alleviated. However, additional guard band will be needed for the filter, and the amount of the guard band may degrade the overall system performance. This study should be started by RAN4, and the performances should be provided to RAN1 to check the feasibility as well as the performance of SBFD.
Proposal 8: Study the feasibility and performance of applying filters at both transmitter and receiver sides in SBFD involving RAN4 on the following aspects.
· Filter at transmitter to suppress the leakage interference.
· Filter at receiver to suppress the blocking interference.
· Guard band for filters.

2.2.4 Interference management for inter-slot interference
In legacy TDD system, a UE is provided a value , a timing advance offset for a serving cell. It is used to reserve enough time for UL/DL switching, as shown in Fig. 8(a), where DL/UL switching is done during the GP in S slot.
In case of subband non-overlapping full duplex, from the base station point of view, a non-zero  will result in inter-slot interference. As shown in Fig. 8(b), the UL signals in UL slot and DL signals in DL slot are interfered by each other. To avoid the inter-slot interference, one potential solution is to configure .
Proposal 9: For subband non-overlapping full duplex, the timing advance offset  can be configured as 0 to avoid the inter-slot interference.
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(a) Legacy TDD.
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(b) Subband non-overlapping full duplex.
Fig. 8 Inter-slot interference for subband ono-overlapping full duplex.

2.3 Interference handling at UE side
In Rel-15/Rel-16, the co-channel intra-subband UE-UE CLI was studied and measurement and reporting mechanisms were specified based on L3 measurement and reporting. In practical deployment, the UE-UE cross link interference is more dependent on the large fading, i.e., the path loss, but not fast fading. This is because the beam of UE is much wider than that of gNB given that UE has less antenna port than gNB. So the rapid changes of channel has less impacts on the UE-UE cross link interferences. Then it seems that the L3 CLI measurement and reporting is somewhat sufficient. Further UE-UE interference measurement and report on L1 should be justified.
For FR2 UE-UE measurement, the problem may be the QCL relation for the measurement. However in Rel-16, according to the specification, a UE can assume the configured CLI measurement resources are QCLed with Type D to one of the latest received PDSCH and the latest monitored CORESET. This is reasonable, because the CLI will interfere with the PDSCH receiving, then the receiving spatial filter needs to be the same as the PDSCH to reflect the interference on the PDSCH. If the PDSCH and the CLI measurement are using different receiving spatial filter, then the interference may not be the same on the PDSCH.
Observation 2: It seems that the L3 based UE-UE CLI measurement and report is sufficient and L1 based solutions may need to be justified in the study as well as other enhancement on UE-UE measurement and reporting. 
2.4 Collision handling for SBFD
According to the SID, the UE is supposed to operate in half duplex mode. In Rel-15, how to handle the different UL/DL indicating signaling for the same OFDM symbol are defined for single carrier, e.g. the same symbol cannot be indicated as UL symbol by scheduling grant if this symbol is configured as DL symbol by tdd-UL-DL-ConfigurationCommon in SIB1.
In a Rel-16 TEI, the UE behavior is specified for UEs not capable of simultaneous UL transmission and DL reception on the same symbol on different TDD carriers. In the TEI, a UE capability to handle the conflict signaling of UL/DL indication of the same symbol is defined, as well as the UE behavior to decide the OFDM as DL or UL when conflict signaling is indicated in different cells for the same OFDM symbol. In SBFD, conflict signaling will happen, how to handle the conflict signaling should also be studied. 
Some UL/DL signal collisions with legacy actions are listed in Table 1, where the terminologies are defined as follows:
· Semi-U/Semi-D: UL/DL symbols/slots configured by tdd-UL-DL-ConfigurationCommon and/or tdd-UL-DL-ConfigurationDedicated.
· Any-D: any DL signals or channels scheduled by DCI and RRC, such as DG PDSCH, SPS PDSCH, PDCCH, SSB, etc.
· Any-U: any UL signals or channels scheduled by DCI and RRC, such as DG PUSCH, CG PUSCH, PUCCH, SRS, etc.
The legacy rules may be problematic for SBFD, e.g.,
· For legacy behavior, any DL signals or channels will be dropped in a symbol configured as semi-U. If it is reused for SBFD, the DL signals or channels cannot be transmitted on DL subband in the symbol configured as semi-U.
· For legacy behavior, any UL signals or channels will be dropped in a symbol configured as semi-D. If it is reused for SBFD, the UL signals or channels cannot be transmitted on UL subband in the symbol configured as semi-D.
· For legacy behavior, any UL signals or channels will be dropped in a symbol indicated to receive SSB. If it is reused for SBFD, the UL signals or channels cannot be transmitted on the UL subband in the symbol indicated to receive SSB on the DL subband even if the UE does not require to receive the SSB; it will increase the feedback delay.
· For legacy behavior, the SSB cannot be received in a symbol configured as semi-U. If it is reused for SBFD, it means SSB cannot be received on the DL subband in a symbol configured as semi-U. It limits the flexibility of SBFD.
· For legacy behavior, the valid PRACH cannot be transmitted in a symbol configured as semi-D. If it is reused for SBFD, the valid PRACH cannot be transmitted on the UL subband in a symbol configured as semi-D; it will degrade the initial access performance.
· For legacy behavior, CORESET 0 cannot be configured in a symbol configured as semi-U. If it is reused for SBFD, CORESET 0 cannot be configured on the DL subband in a symbol configured as semi-U; it will affect the flexibility of scheduler.
Proposal 10: UE half-duplex on handling conflict UL/DL indicating signaling for the same OFDM symbol should be studied, e.g.,
· Any DL signals or channels are indicated to transmit on the DL subband in a symbol configured as semi-U.
· Any UL signals or channels are indicated to transmit on the UL subband in a symbol configured as semi-D.
· Any UL signals or channels are indicated to transmit on the UL subband in a symbol indicated to receive SSB on the DL subband.
· SSB is indicated to receive on the DL subband in a symbol configured as semi-U.
· Valid PRACH is indicated to transmit on UL subband in a symbol configured as semi-D.
· CORESET 0 configured in the DL subband in a symbol configured as semi-U.

Table 1 UL/DL signal collision
	Signaling A
	Signaling B
	Legacy actions

	Semi-U
	Any-D
	Drop D

	Semi-D
	Any-U
	Drop U

	SSB
	Any-U
	Drop U

	SSB
	Semi-U
	Error case

	Valid PRACH
	Semi-D
	Error case

	CORESET 0
	Semi-U
	Error case



3. Conclusions
In this contribution, we provide our views on SBFD with following proposals:
Observation 1: SBFD operation across carriers does not require specific collision handling rules than the ones that also required by SBFD operation within a carrier.
Observation 2: It seems that the L3 based UE-UE CLI measurement and report is sufficient and L1 based solutions may need to be justified in the study as well as other enhancement on UE-UE measurement and reporting. 

Proposal 1: SBFD operation within a carrier and across carriers can be studied with equal priority.
Proposal 2: Confirm the Working Assumption in RAN1#110, i.e., for SBFD operation within a TDD carrier, study SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies as baseline.
· FFS RB-set based subband configuration
Proposal 3: The number of subbands in the same symbol for SBFD depends on inter-operator co-existence.
· The transmission direction on a subband of an operator with SBFD should be same as that of another operator with legacy TDD, if the subband of the operator with SBFD is located neighboring to the operator with legacy TDD in frequency domain.
· At most three subbands are sufficient in the same symbol, where two UL subbands and one DL subband, or one subband and two DL subbands.
Proposal 4: Define the UL subband and DL subband as follows:
· UL subband should be defined as a set of consecutive RBs which is only used for UL transmission;
· DL subband should be defined as a set of consecutive RBs which is only used for DL transmission.
Proposal 5: Study the flexible configuration and indication of DL and UL subband to facilitate flexible scheduling of frequency domain resources.
Proposal 6: Study the following aspects related to advanced IRC receivers in SBFD.
· Feasibility and performance of muting the REs on the DL subband in UL DMRS symbols and the REs on the UL subband in DL DMRS to improve channel estimation and inter-cell interference estimation and suppression.
· Feasibility and performance of specific CLI measurement resources to improve gNB-gNB and UE-UE co-channel and adjacent-channel inter-subband CLI estimation and suppression.
Proposal 7: Study the feasibility and performance of spatial domain coordination in SBFD to suppress blocking interference caused by DL signal transmitting from the aggressor in the direction of the victim, e.g., coordinated beamforming.
Proposal 8: Study the feasibility and performance of applying filters at both transmitter and receiver sides in SBFD involving RAN4 on the following aspects.
· Filter at transmitter to suppress the leakage interference.
· Filter at receiver to suppress the blocking interference.
· Guard band for filters.
Proposal 9: For subband non-overlapping full duplex, the timing advance offset  can be configured as 0 to avoid the inter-slot interference.
Proposal 10: UE half-duplex on handling conflict UL/DL indicating signaling for the same OFDM symbol should be studied, e.g.,
· Any DL signals or channels are indicated to transmit on the DL subband in a symbol configured as semi-U.
· Any UL signals or channels are indicated to transmit on the UL subband in a symbol configured as semi-D.
· Any UL signals or channels are indicated to transmit on the UL subband in a symbol indicated to receive SSB on the DL subband.
· SSB is indicated to receive on the DL subband in a symbol configured as semi-U.
· Valid PRACH is indicated to transmit on UL subband in a symbol configured as semi-D.
· CORESET 0 configured in the DL subband in a symbol configured as semi-U.
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