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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#110bis-e [1], subband non-overlapping full duplex was discussed and the following agreements were made.
	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, we continue to discuss the potential solutions for SBFD, including resource allocation and indication, potential enhancement for enabling SBFD operation, CLI handling, etc.

2. Discussion on SBFD
2.1 Resource allocation and indication
Two issues are discussed in this section: SBFD operation across carriers and subband time-frequency resource allocation for SBFD operation within one BWP pair.
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. 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 can be a natural solution. And for industrial applications, the complexity to support carrier aggregation at the UE may also be less of a concern. 
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Fig. 1 SBFD operation across carriers.

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.
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.
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.
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[bookmark: _Ref110087121]Fig. 2 Interference types for intra-band TDD CA with different TDD configurations.

2.1.2 Subband time-frequency domain resource configuration and indication
Three issues of subband time-frequency domain resource configuration and indication are discussed in this section: subband types and definition, subband frequency domain location indication, and subband time domain location indication.
· Subband types and definitions
In RAN1#109-e, the definition of a SBFD subband is clarified for discussion purpose.
	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. 


In RAN1#110 [3], the following four options were agreed to be studied regarding UL transmission and DL reception within/outside the UL subband in an SBFD symbol for UEs configured with an UL subband in an SBFD symbol.
	Proposed 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


During RAN1#110bis-e, there was a long discussion on configuring UL subband in symbols configured as DL and flexible in TDD-UL-DL-ConfigCommon as well as related UE behaviors within and outside the UL subband but no agreement can be reached. 
To facilitate further discussion on subband configurations and operations in a SBFD symbol, it is beneficial to first agree on the basic 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 the four options as listed in RAN1#110, only option 1 is in line with this definition. 
Compared with option 1, option 2, 3 and 4 provide more flexibility to make full use of frequency domain resource 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. In current specification, there are three types of symbols: DL symbols, UL symbols and flexible symbols. A UE cannot transmit UL in semi-statically configured DL symbols or receive DL in semi-statically configured UL symbols. A UE can transmit or receive in symbols which are semi-statically configured as flexible symbols. This principle can be extended to frequency domain when it comes to the discussion of subbands.
Therefore, three types of RB can be defined as follows:
· UL RB: the RB can only be used for UL transmission;
· DL RB: the RB can only be used for DL transmission;
· Flexible RB: the RB can be used for UL transmission, DL transmission, and guard band;
· The real transmission direction of flexible RB is determined based on scheduling;
· The flexible RB can be reconfigured as UL RB or DL RB by UE dedicated RRC and/or DCI.
And three types of subband can be defined accordingly, as follows:
· UL subband: a set of consecutive UL RBs;
· DL subband: a set of consecutive DL RBs;
· Flexible subband: a set of consecutive flexible RBs.
Based on the UL/DL traffic ratio, the flexible subband can be used for UL transmission or DL transmission from UE perspective, which depends on scheduling, as shown in Fig. 3. So it can achieve the benefit of option 2, 3 and 4 without deviating from the definition of UL subband and DL subband. It should also be noted that the explicit definition of guard band is also not needed since it can be covered by flexible subband. This is similar to the current specification where guard period is not explicitly defined in specification but covered by flexible symbols.
Observation 2: Introducing flexible subband can achieve flexible scheduling of option 2 to 4 without deviating from the definition of UL subband and DL subband.
Proposal 2: Define the UL subband, DL subband, and flexible subband as follows:
· UL subband is defined as a set of consecutive UL RBs, where the UL RB can only be used for UL transmission;
· DL subband is defined as a set of consecutive DL RBs, where the DL RB can only be used for DL transmission;
· Flexible subband is defined as a set of consecutive flexible RBs, where
· the flexible RB can be used for UL transmission, DL transmission, and guard band, and
· the flexible RB can be reconfigured as UL RB or DL RB by UE dedicated RRC and/or DCI.
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Fig. 3 Flexible configuration of subband frequency domain resource.

· Subband frequency domain location indication
In RAN1#110bis-e [1], it was agreed that the UL subband frequency domain location is explicitly indicated, and the frequency domain location of other subband types should be further discussed.
In our understanding, the subband frequency domain location indication can refer to the UL-DL slot format indication. For DL subband, it should be also explicitly indicated due to the existence of flexible subband and/or guard band. And further considering that the DL subbands are always allocated at the two sides of BWP/carrier, only indicating the length of DL subband may be enough. And then, the flexible subband can be implicitly indicated as a set of consecutive of RBs which are not indicated as UL RB and DL RB. The guard band is allocated in the flexible subband, which can be implicitly determined based on scheduling, i.e., the guard band consists of the RBs where the gNB does not schedule UL transmission and DL transmission. And then, the following proposal can be obtained.
Proposal 3: The frequency domain location indication of DL subband, flexible subband, and guard band are given as follows:
· DL subband should be explicitly indicated, at least for the length of DL subband;
· Flexible subband can be implicitly indicated as a set of consecutive of RBs which are not indicated as UL RB and DL RB;
· Guard band can be implicitly indicated based on scheduling, i.e., gNB will not schedule UL and DL transmission on guard band.

· Subband time domain location indication
In RAN1#110bis-e [1] and RAN1#110-e [2], it was agreed that the time domain location of subband is semi-statically configured as a baseline. However, a semi-static configuration of time domain location of subband will be inflexible, especially in the case of that the gNB-gNB CLI or UE-UE CLI dominates the interferences, where the performance of SBFD operation will be degraded dramatically. To solve this issue, the dynamic indication of time domain location of subband can be studied. It can modify the time domain position of subband or fallback the SBFD operation to the TDD operation in time to avoid the serious gNB-gNB CLI or UE-UE CLI, thus maintaining a better network performance.
Proposal 4: Study dynamic time domain location indication of subband for SBFD operation.

2.2 Potential enhancement for enabling SBFD
2.2.1 Frequency resource allocation enhancement for SBFD
· Frequency resource allocation type 0 enhancement
In legacy the RBG partition is based on the CRB. The number of RBs within an RBG e.g. the first RBG and the last RBG may be smaller than the RBG size due to overlapping with the edge of the active BWP. These RBGs can be scheduled for PDSCH and PUSCH transmission. For SBFD operation, in addition to the first RBG and the last RBG, there is also some RBGs with smaller number of RBs if the RBG overlaps with the boundary of the subband. These RBGs can also be scheduled for PDSCH and PUSCH transmission to improve the spectrum efficiency.
Proposal 5: Study RA type 0 enhancement for PDSCH and PUSCH transmission in a RBG overlapping partially with UL and DL subband boundary, respectively, for SBFD operation.

· Frequency resource allocation type 1 enhancement
RA type 1 can allocate a set of consecutive RBs for PUSCH and PDSCH transmission. So it cannot allocate PDSCH transmission across two DL subbands in the case of subband pattern {DUD}, because two DL subbands are not consecutive, as shown in Fig. 3 (slot#2). To solve this issue, one way is to use RA type 0 which can allocate non-consecutive RBGs for PUSCH transmission and PDSCH transmission, but it has following issues:
· The RBG which overlaps the UL subband and guard band cannot be used for PDSCH transmission, if RA type 0 is not enhanced.
· The size of guard band is at least a RBG if guard band is implicitly indicated. It will waste frequency resources especially in the case of RBG = 16RB.
· RA type 0 is not flexible than RA type 1 since the frequency domain scheduling granularity (i.e., RBG) of RA type 0 is larger than that (i.e., RB) of RA type 1.
· RA type 0 cannot be used for fallback DCI (DCI format 1_0), but RA type 1 can be used.
Another way is to use rate matching resources for PDSCH. However, a UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not available for PDSCH. As discussed above, RA type 1 enhancement should be studied for SBFD operation.
Proposal 6: Study RA type 1 enhancement for PDSCH transmission across DL subbands in the case of subband pattern {DUD} for SBFD operation.

2.2.2 PUSCH/PUCCH/PDSCH enhancement
· Multiple-slots PUSCH/PUCCH enhancement
For SBFD operation, the channel and interference environments for UL transmission are quite different on SBFD symbol and UL symbol. The best frequency resources, MCS, TBS, power control, and precoder scheduled for UL transmission on SBFD symbol and UL symbol will be quite different as well. Therefore, multiple-slots PUSCH/PUCCH transmission should not be allocated across different slot types. So the slot allocations for multiple-slots PUSCH/PUCCH transmission for SBFD operation should be studied, such as available slots determination for Rel-17 PUSCH repetitions and TBoMS PUSCH, and collision handling rules for Rel-15/16 PUSCH/PUCCH repetitions.
Proposal 7: Study multiple-slots PUSCH/PUCCH enhancement for SBFD operation to avoid multiple-slots PUSCH/PUCCH transmission across different slot types, including:
· Available slots determination for Rel-17 PUSCH repetitions and TBoMS PUSCH;
· Collision handling rules for Rel-15/16 PUSCH/PUCCH repetitions.

· PUSCH/PUCCH frequency hopping enhancement
In current spec, the PUSCH/PUCCH frequency hopping is designed within the UL BWP. However, the UL frequency range on SBFD symbol is the UL subband, but not UL BWP, e.g. UL subband can be within the UL BWP. So if we reuse the legacy PUSCH/PUCCH frequency hopping scheme, the frequency hopping on SBFD symbols may exceed the range of UL subband, as shown in Fig. 4. So it should be studied for SBFD operation to keep the PUSCH/PUCCH frequency hopping always within the UL subband on SBFD symbol.
Proposal 8: Study PUSCH/PUCCH frequency hopping for SBFD operation to keep the PUSCH/PUCCH frequency hopping always within the UL subband on SBFD symbol.
[image: ]
Fig. 4 PUSCH/PUCCH frequency hopping.
· PDSCH enhancement
For SBFD operation, when the frequency allocation of the PDSCH overlaps with the UL subband, whether to transmit the PDSCH with the PRBs within the UL subband is still under discussion. One way is to use the legacy RB-symbol RM pattern to inform the UE whether to use the PRBs within the UL subband or not. But in current spec, a UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not available for PDSCH, which is hard to achieve for SBFD operation. Alternatively, the allocation of UL subband can be introduced as a new RM pattern, which is allowed to overlap with PDSCH DM-RS REs. Other rules can also be studied for the new RM pattern which associated with UL subband.
Proposal 9: Study new RM pattern for PDSCH, which is associated with UL subband.

In current spec, the TBS for PDSCH is calculated according to the total PRBs indicated in the scheduling DCI or activated DCI for SPS. When the PDSCH overlaps with UL subband, if the PRBs within the UL subband are not available for PDSCH, the TBS calculated based on the total PRBs will be not suitable with the available resources of the PDSCH. Modifications for the TBS calculation are needed for SBFD operation. For example, the numbers of PRBs overlapped with UL subband can be substracted from the total number of PRBs indicated in the DCI when calculating the TBS.
Proposal 10: Study the enhancement for the TBS determination for SBFD operation.

2.2.3 CSI-RS measurement and report enhancement
In current spec, one CSI-RS resource can only allocate a set of consecutive RBs for CSI-RS transmission. Similar as the RA type 1 for PDSCH, it cannot be transmitted across two DL subbands in the case of subband pattern {DUD}. In addition, RBG based CSI-RS measurement and report can be used to obtain the wideband and subband CSI. However, some RBGs would contain both RBs in DL subband and UL subband. As a result, the CSI measurements on the RBGs are inaccurate.
To solve above issues, one potential solution is to configure two CSI-RS resources, where each one configures a set of consecutive RBs for CSI-RS transmission per DL subband, as shown in Fig. 5(a). However, this alternative limits the flexibility of CSI-RS configuration because the total number of CSI-RS resources are limited. To solve this issue, another alternative is to design non-consecutive CSI-RS frequency domain resources allocation across two DL subbands by one CSI-RS resource, as shown in Fig. 5(b). Besides, the third solution is to use the current CSI-RS resource configuration and update the RBG division mechanism to ensure that each RBG only contains DL RBs in the DL subband, as shown in Fig. 5(c). So the following proposal can be obtained.
Proposal 11: Study following potential enhancement of CSI-RS measurement and report for SBFD operation in the case of subband pattern {DUD}:
· Option 1: Configure two CSI-RS resources associated with a same CSI-RS report ID.
· Option 2: Configure non-consecutive CSI-RS frequency domain resources across DL subbands by one CSI-RS resource.
· Option 3: Update the RBG division mechanism to ensure that each RBG only contains DL RBs in the DL subband.
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(a)                                        (b)
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(c)
Fig. 5 CSI-RS measurement and report.

2.2.4 SBFD operation on SSB symbols
In current spec, the UL transmission is not allowed on the symbols which are configured as SSB symbols for half-duplex UE. However, the SSB is usually configured as a short period, such as 5ms to 20ms, to keep a better initial access and mobility management performance. Within a SSB period, the SSB duration can be 5ms at most. It means 25%-100% time within one SSB period cannot be used for SBFD operation; it severely degrades the performances of SBFD operation. But except the UEs which are under initial access or cell reselection, a short SSB measurement period is not necessary. So these UEs can perform the SBFD operation on SSB symbols to improve the performance of SBFD operation.
Proposal 12: Study potential enhancement of SBFD operation on SSB symbols.

2.2.5 Initial access enhancement
The main benefit of SBFD operation is that it has more UL resources than legacy TDD operation. So using SBFD operation during initial access, it can provide more UL resources to increase the RACH capacity to reduce the PACH collision and reduce the initial access latency. For example, more ROs allocated on UL subband can be achieved by SBFD operation than TDD operation, as shown in Fig. 6. On the other hand, more UL resources can also improve the UL coverage for MSG3 and PRACH via repetition which are specified and discussed in Rel-17 and Rel-18 coverage enhancement, respectively. As discussed above, the initial access for SBFD operation should be studied.
Proposal 13: Study potential enhancement of initial access enhancement for SBFD operation.

[image: ]
Fig. 6 Initial access enhancement for SBFD operation.
2.2.6 Collision handling enhancement
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 14: 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



2.3 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.
2.3.1 Resources muting for gNB-gNB co-channel CLI measurement
In RAN1#110bis-e [1], the following agreement about resources muting for gNB-gNB co-channel CLI measurement was achieved.
	Agreement
For gNB-to-gNB co-channel CLI measurement, the potential benefit of uplink resources muting can be studied further.
Note: Proponents of uplink resource muting are encouraged to provide evaluation result for comparison of performance between two cases when uplink resource muting based gNB-gNB CLI handling schemes including both UE transparent and non-UE transparent schemes is applied or not.


To measure the UL and DL channel without being contaminated by gNB-gNB and UE-UE co-channel 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. 7, 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 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 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. 7. Some REs in the first/fifth symbol in UL subband are muted, and gNB can thus measure the gNB-gNB co-channel CLI (PDSCH and PDCCH) in these muting REs with a high precision.
Proposal 15: Study the following aspects on gNB-gNB co-channel CLI measurement 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. 7 Resource muting for gNB-gNB co-channel CLI measurement.

Based on the above scheme, the accurate channel and interference covariance matrix can be measured. And these measurement quantities can be used to improve performance at the receiver, e.g. MMSE-IRC receiver, which can effectively suppress the gNB-gNB co-channel CLI. The signal model at receiver is given as follows, and the evaluation results are provided in our contribution [4].
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,
· .
· , where  is the power of co-site inter-sector gNB-gNB co-channel CLI,  is the power of self-interference, and  is the power of noise.

2.3.2 Beam nulling between gNBs
As analyzed in [4], 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. 8. 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.
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Fig. 8 Illustration of the DL signal and UL signal assuming wideband UL front end filter.

To suppress the DL blocking signal, beam nulling between gNBs, 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 nulling between gNBs, the null of transmit beam at gNB of aggressor will point to the gNB of victim as shown in Fig. 9, thus reducing the blocking power at the gNB of victim.
[bookmark: _GoBack]Proposal 16: Study the feasibility and performance of beam nulling for gNB-to-gNB CLI suppression with gNB-to-gNB channel.
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Fig. 9 CBF to suppress blocking interference.

2.3.3 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 17: 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.

2.3.4 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. 10(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. 10(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 18: For subband non-overlapping full duplex, the timing advance offset  can be configured as 0 to avoid the inter-slot interference.

[image: ]
(a) Legacy TDD;
[image: ]
(b) Subband non-overlapping full duplex;
Fig. 10 Inter-slot interference for subband non-overlapping full duplex.

2.4 Interference handling at UE side
For UE-UE co-channel CLI measurement, a potential enhancement for UE-UE CLI-RSSI measurement and report should be studied in the case of subband pattern {DUD}, in which non-consecutive CLI-RSSI measurement and report are required.
Similar as the CSI-RS measurement and report, it also has three potential solutions.
· Option 1: Configure two CLI-RSSI resources associated with a same CLI-RSSI report ID.
· Option 2: Configure non-consecutive CLI-RSSI frequency domain resources across DL subbands by one CLI-RSSI resource.
· Option 3: Define subband report mechanism for CSI-RSSI, where each subband only contains DL RBs in the DL subband.
Proposal 19: Study following potential enhancement of UE-UE CLI-RSSI measurement and report for SBFD operation in the case of subband pattern {DUD}:
· Option 1: Configure two CLI-RSSI resources associated with a same CSI-RS report ID.
· Option 2: Configure non-consecutive CLI-RSSI frequency domain resources across DL subbands by one CLI-RSSI resource.
· Option 3: Define subband report mechanism for CSI-RSSI, where each subband only contains DL RBs in the DL subband.
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: Introducing flexible subband can achieve flexible scheduling of option 2 to 4 without deviating from the definition of UL subband and DL subband.

Proposal 1: SBFD operation within a carrier and across carriers can be studied with equal priority.
Proposal 2: Define the UL subband, DL subband, and flexible subband as follows:
· UL subband is defined as a set of consecutive UL RBs, where the UL RB can only be used for UL transmission;
· DL subband is defined as a set of consecutive DL RBs, where the DL RB can only be used for DL transmission;
· Flexible subband is defined as a set of consecutive flexible RBs, where
· the flexible RB can be used for UL transmission, DL transmission, and guard band, and
· the flexible RB can be reconfigured as UL RB or DL RB by UE dedicated RRC and/or DCI.
Proposal 3: The frequency domain location indication of DL subband, flexible subband, and guard band are given as follows:
· DL subband should be explicitly indicated, at least for the length of DL subband;
· Flexible subband can be implicitly indicated as a set of consecutive of RBs which are not indicated as UL RB and DL RB;
· Guard band can be implicitly indicated based on scheduling, i.e., gNB will not schedule UL and DL transmission on guard band.
Proposal 4: Study dynamic time domain location indication of subband for SBFD operation.
Proposal 5: Study RA type 0 enhancement for PDSCH and PUSCH transmission in a RBG overlapping partially with UL and DL subband boundary, respectively, for SBFD operation.
Proposal 6: Study RA type 1 enhancement for PDSCH transmission across DL subbands in the case of subband pattern {DUD} for SBFD operation.
Proposal 7: Study multiple-slots PUSCH/PUCCH enhancement for SBFD operation to avoid multiple-slots PUSCH/PUCCH transmission across different slot types, including:
· Available slots determination for Rel-17 PUSCH repetitions and TBoMS PUSCH;
· Collision handling rules for Rel-15/16 PUSCH/PUCCH repetitions.
Proposal 8: Study PUSCH/PUCCH frequency hopping for SBFD operation to keep the PUSCH/PUCCH frequency hopping always within the UL subband on SBFD symbol.
Proposal 9: Study new RM pattern for PDSCH, which is associated with UL subband.
Proposal 10: Study the enhancement for the TBS determination for SBFD operation.
Proposal 11: Study following potential enhancement of CSI-RS measurement and report for SBFD operation in the case of subband pattern {DUD}:
· Option 1: Configure two CSI-RS resources associated with a same CSI-RS report ID.
· Option 2: Configure non-consecutive CSI-RS frequency domain resources across DL subbands by one CSI-RS resource.
· Option 3: Update the RBG division mechanism to ensure that each RBG only contains DL RBs in the DL subband.
Proposal 12: Study potential enhancement of SBFD operation on SSB symbols.
Proposal 13: Study potential enhancement of initial access enhancement for SBFD operation.
Proposal 14: 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.
Proposal 15: Study the following aspects on gNB-gNB co-channel CLI measurement 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 16: Study the feasibility and performance of beam nulling for gNB-to-gNB CLI suppression with gNB-to-gNB channel.
Proposal 17: 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 18: For subband non-overlapping full duplex, the timing advance offset  can be configured as 0 to avoid the inter-slot interference.
Proposal 19: Study following potential enhancement of UE-UE CLI-RSSI measurement and report for SBFD operation in the case of subband pattern {DUD}:
· Option 1: Configure two CLI-RSSI resources associated with a same CSI-RS report ID.
· Option 2: Configure non-consecutive CLI-RSSI frequency domain resources across DL subbands by one CLI-RSSI resource.
· Option 3: Define subband report mechanism for CSI-RSSI, where each subband only contains DL RBs in the DL subband.
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