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The following agreements on SBFD operations had been made in RAN1#110 meeting [1]:
	
Agreement #1
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 #2
For indication of subband locations for SBFD operation, study semi-static configuration of subband time and frequency location as baseline.

Agreement #3
For semi-static configuration of subband location, consider same subband frequency resources across different SBFD symbols as baseline.

Working Assumption #1
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 #4
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 #5
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.



This contribution presents ETRI’s views on SBFD enhancements focusing on the following topics:
· (Baseline) SBFD support for legacy UEs.
· UL/DL subband configuration for SBFD.
· Potential enhancements on DL reception and UL transmission for SBFD UEs.
· Potential enhancements on CSI feedback for SBFD.

Discussion
SBFD operations for legacy UEs (SBFD operation Alt.1)
As aforementioned the uplink coverage of a TDD system can be inherently degraded according to the given DL:UL ratio of that TDD system compared with that of FDD system due to the relatively short time duration for uplink transmission. In the case with DL-heavy traffic where DL dominant D/U configuration (e.g., DL:UL=4:1) is required for most of UEs, longer UL transmission period (e.g., DL:UL=1:4) would be preferable for cell-edge UEs who suffer from the limited uplink transmission power.
In the situations above, the subband non-overlapping full duplex operation provides a good trade-off between DL throughput from network perspectives and UL coverage from cell-edge UEs. Figure 1 shows an example of DL/UL resource allocations for subband non-overlapping full duplex from network perspective. In Figure 1, half duplex (HD) operation periods and full duplex (FD) periods appear alternately. In the FD period, a DL signal/channel (e.g., DL #2) and a UL signal/channel (e.g., UL #1) can be transmitted simultaneously in each subband with a guard band in between. The guard band is essential to mitigate UL-to-DL interference. UE would still perform HD operation, that is, either transmit or receive at a time.
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[bookmark: _Ref101812742]Figure 1. An example of DL/UL resource allocations for subband non-overlapping full duplex from network perspectives.

Legacy (e.g., Rel-15/-16) UEs need to fully rely on the gNB implementations to be applied with the DL/UL resource allocations for subband non-overlapping full duplex. For instance, two different Rel-15 UEs can be configured with two different UE-specific slot configurations, as depicted by Figure 2. In this case, each UE is not aware of FD operations but just follow the legacy HD operations and requirements. Since there is no FD-specific CLI specification supports in Rel-15, gNB need to secure a huge frequency gap between DL #2 and UL #1, e.g., to protect the reception of DL #2 at the UE #2.
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[bookmark: _Ref101813339]Figure 2. An example of DL/UL resource allocations for subband non-overlapping full duplex 
from UE perspectives (Rel-15).

There are more options for Rel-16 UEs to mitigate the potential CLI with an explicit guard band. As shown by Figure 3, for instance, RB set and intra-cell guard band were introduced in Rel-16 NR-U to support subband-wise LBT operation in a wideband carrier. For this feature, UE may perform transmit and receive RF filtering fitted to scheduled RB set(s) to supress interference to non-transmitted RB set(s). However, it should be noted that the Rel-16 RB set and intra-cell guard band need to be enhanced for subband FD considering various operation scenarios. For instance, given that all RB sets are set to the same transmission direction at each time in Rel-16, dynamic and flexible DL/UL allocation may be limited for subband FD relying on the Rel-16 RB set.
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[bookmark: _Ref101814271]Figure 3. An example of DL/UL resource allocations for subband non-overlapping full duplex 
from UE perspectives (Rel-16).

Observation 1. DL/UL resource allocations for subband non-overlapping full duplex operation are applicable for Rel-15/-16 UEs by gNB implementations at the cost of uncertain level of guard band or less flexible DL/UL direction configuration/indication.

UL/DL subband configuration for SBFD (SBFD operation Alt.4)
In both agenda 9.3.1 and 9.3.2, introduction of multiple SBFD subbands at a given time instance (e.g., D-U-D subbands in an SBFD symbol) has been discussed from evaluation and specification perspectives. As an outcome of the discussions, UE behaviours on DL reception and/or UL transmissions on the SBFD symbols were categorized (e.g., from option 1 to option 4 in Agreement #4 in Section 1). For more clear understanding on the potential enhancements in the follow-up WI, we would like to clarify that these Multiple SBFD subbands with different D-U directions can be configured on a given time instance from a UE perspective as well as from the network perspective.

Proposal 1. Multiple SBFD subbands with different D-U directions can be configured on a given time instance from a UE perspective.

Given that the time and frequency location of subbands for SBFD operations can be configurable as agreed in RAN1#110 meeting (Agreement #2 in section 1), a solution to define the subband locations should be investigated. From our perspective, an explicit indication on the subband locations is preferred over the implicit ones to avoid any potential misalignment on those locations at gNB and UE sides. For instance, it can be proposed to extend the Rel-16 RB set configuration to allow different transmission directions at different RB sets. For the RB set-based approach, we see there are at least two different flavors:
· Alt. 1: Keep the legacy slot format configuration, and add a UL subband time-frequency resource indication signalling for overriding.
· Alt. 2: Modify or extend the slot format configuration to allow SBFD symbols.
In Alt. 1, a SBFD-capable UE can basically share the cell-specific slot format configuration with other UEs, and a configured UL subband is overridden on it to form SBFD symbols as depicted in Figure 4. In this approach, a single RB set is sufficient to determine the UL subband’s frequency location. For the time location, configuring one or multiple time durations can be considered, where the periodicity may be assumed to be the same as the slot format periodicity or can be separately configured if a better flexibility is considered beneficial.
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[bookmark: _Ref115439750]Figure 4. An example for Alt. 1.

For Alt. 2, several variants can be considered. One simple extension to the slot format configuration is to add a new symbol type, e.g., SBFD symbol (Alt. 2-1). The SBFD subband pattern which is configured by a separate signalling can be applied to a set of SBFD symbols. In order to support both a {F,U} subband pattern and {D,U} subband pattern by a single slot format configuration, , multiple sets of SBFD symbols can be configured. For example, as shown in Figure 5(a), UE may be configured with two sets of SBFD symbols, each set having D-U-D and F-U-F patterns.
Another method is to apply the slot format configuration for each RB set independently based on the explicit configuration of multiple RB sets (Alt 2-2), which is illustrated in Figure 5(b). For example, UE may be configured with three RB sets and the slot format for each of the three RB sets. Symbols where transmission directions across RB sets are not aligned build up SBFD symbols. This method can provide almost full flexibility on DL/UL resource partitioning under a given RB sets configuration at the expense of increased signalling overhead. However, if Agreement #3 in Section 1 is interpreted as “only a single UL subband location is supported in an active BWP or a carrier”, such flexibility may be less meaningful.
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[bookmark: _Ref115439780]Figure 5. Examples for Alt. 2

Since the preferred ratio of HD periods and FD periods can be varied according to various aspects, such as the number of cell-edge UEs, DL/UL traffic situations, etc., enhancements on DCI-based framework, e.g., by using SFI or rate matching resource, to enable dynamic D-U allocations across multiple RB sets can be considered for subband non-overlapping FD.

Proposal 2. RAN1 to study the following aspects of resource allocation for subband non-overlapping FD:
· Support of UL/DL subband allocation based on explicit RB set and guard band configuration.
· Detailed signaling methods for UL/DL subband allocation considering interaction with slot formation configuration.
· SFI enhancement for dynamic SBFD symbol allocation for a given time instance.

DL reception and UL transmission for SBFD UEs
In RAN1#110 meeting, it was agreed to study UE behaviors of SBFD aware UEs in an SBFD symbol where both time and frequency locations of subbands for SBFD operation are known to those (agreement #1 and #4 in section 1). Under the assumption that multiple SBFD subbands with different D-U directions can be configured on a given time instance from a UE perspective (proposal 1 of this contribution), DL-UL direction change of an SBFD aware UE across SBFD symbols can be beneficial for the following use cases:
· Use case #1 (allocation of cell-specific signals / channels): Without DL-UL direction switch during the (consecutive) SBFD symbols, the network may suffer from the lack of DL or UL resources to allocate cell-specific signals and/or channels, such as SSB, type-0 PDCCH, SIBs, CSI-RS, PRACH, or SRS, etc. However, by allowing DL-UL direction switch during the (consecutive) SBFD symbols for a UE, this issue can be resolved at least in the time domain perspective while the frequency resource allocations for the cell-specific signals and/or channels still need to be handled, carefully.
· Use case #2 (Latency reduction): Since DL-UL direction switch during the (consecutive) SBFD symbols can make more flexible timing gaps between multiple DL receptions and/or UL transmissions, it could be helpful to reduce latency for UL/DL beam indication, channel measurement, or CSI feedback, during the SBFD operation periods.
· Use case #3 (co-existence with legacy UEs): For the similar reason in use case #1, the SBFD-aware UE may be able to follow legacy UE behaviour (e.g., paging procedure, etc.) in SBFD operation durations as well as in TDD operation durations.
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Figure 6. DL-UL direction change of an SBFD aware UE in SBFD symbols

Observation 2. DL-UL direction change of an SBFD aware UE in SBFD symbols is beneficial for the following use cases
· Use case #1: Ease of planning on cell-specific signals / channels
· Use case #2: Latency reduction for UL/DL beam indication, channel measurement, CSI feedback, etc.
· Use case #3: Ease of co-existence with legacy UEs

Proposal 3. Study semi-static and/or dynamic DL-UL direction change of an SBFD aware UE in SBFD symbols.

For the resource allocation in SBFD symbols, RAN1 discussed high-level principles during the last meeting and the Agreement #4 in the following has been made:
	Agreement #4
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



In our view, it is essential to first identify what the baseline operation is for the SBFD symbols. The current specification describes rules for DL reception in semi-static UL symbols and vice versa as follows:
· For a set of symbols of a slot that are indicated to a UE as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, the UE does not receive PDCCH, PDSCH, or CSI-RS when the PDCCH, PDSCH, or CSI-RS overlaps, even partially, with the set of symbols of the slot.
· For a set of symbols of a slot that are indicated to a UE as downlink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, the UE does not transmit PUSCH, PUCCH, PRACH, or SRS when the PUSCH, PUCCH, PRACH, or SRS overlaps, even partially, with the set of symbols of the slot.

According to the above statement, UE drops the whole DL transmission if it collides with semi-static UL symbols and vice versa. Extending this principle to frequency domain in SBFD symbols, the following operation can be considered:
· Option A: UE does not receive a DL transmission if the DL transmission overlaps, even partially, with a UL subband (and potentially corresponding guard band(s)), and UE does not transmit a UL transmission if the UL transmission overlaps, even partially, with a DL subband (and potentially guard band(s)).
We think the above option may work as a baseline operation and suggest to consider it for the resource allocation discussion. However, based on the current categorization in Agreement #4, it is not clear which option covers Option A above. In view that UE can anyway be scheduled DL (or UL) in a UL subband (or a DL subband), it may belong to Option 4, however, in our understanding dropping the whole scheduled DL or UL transmission is not the intention of Option 4 (and Option 2, 3 as well). We think this aspect needs to be clarified clearly for the future discussions. In this regard, the agreed options, i.e., from Option 1 to Option 4, can be recategorized as follows with the understanding that Option A is considered as baseline:
· Option A: UE does not receive a DL transmission if the DL transmission overlaps, even partially, with a UL subband (and potentially corresponding guard band(s)), and UE does not transmit a UL transmission if the UL transmission overlaps, even partially, with a DL subband (and potentially guard band(s)).
· Option B: If a DL transmission partially overlaps with a UL subband (and potentially corresponding guard band(s)), the UE can receive the non-overlapped DL transmission.
· Option C: If a UL transmission partially overlaps with a DL subband (and potentially corresponding guard band(s)), the UE can transmit the non-overlapped UL transmission.

Proposal 4. Consider the following options for SBFD aware UEs.
· Option A (baseline): UE does not receive a DL transmission if the DL transmission overlaps, even partially, with a UL subband (and potentially corresponding guard band(s)), and UE does not transmit a UL transmission if the UL transmission overlaps, even partially, with a DL subband (and potentially guard band(s)).
· Option B: If a DL transmission partially overlaps with a UL subband (and potentially corresponding guard band(s)), the UE can receive the non-overlapped DL transmission.
· Option C: If a UL transmission partially overlaps with a DL subband (and potentially corresponding guard band(s)), the UE can transmit the non-overlapped UL transmission.

Figure 7 provides an example of Option B (partial reception on DL transmission overlapping with UL subband). In Figure 7, a scheduled PDSCH may overlap with a UL subband (or guard band) in SBFD symbols. Based on Option B, UE may still receive the PDSCH partially on the two DL subbands, for example, by applying a rate matching around the UL subband (or guard band). Similarly, a CORESET (or a PDCCH MO) may overlap with a UL subband in SBFD symbols. Then, it may be clarified that the UE shall take the non-overlapped BD/CCE candidates only into account as the valid BD/CCE candidates for PDCCH reception in that PDCCH MO (although this clarification may not exactly fall into Option B).
[image: ]
[bookmark: _Ref115440570]Figure 7. An example of valid DL reception in SBFD symbols based on Option 2.
SBFD operations are motivated to increase UL resources and we think that the UL time domain resource allocation can include both SBFD symbols and UL symbols. Figure 8 shows an example for UL resource allocations across SBFD/UL symbols. In some sense, the SBFD symbols and the UL symbol may have different pre/post-processing and those might cause the event to break the channel coherence for the UL signal at either/both UE or gNB, in which case the antenna port assumption does not hold. However, some implementations of high capability UEs may not allow such events.
In addition, the previous release specified DM-RS bundling of PUCCH/PUSCH, in which case a UE should maintain the power consistency/phase continuity during UL repetitions. The specification formulates a nominal/actual time domain window and describes events to break the power consistency/phase continuity. If those events occur, then an actual time domain window(s) may restart keeping the power consistency/phase continuity depending on UE capabilities. If any UL transmission with possible further repetitions spans across SBFD/UL symbols, then similar issues regarding time domain windows can be discussed.
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[bookmark: _Ref115426672][bookmark: _Hlk115279830]Figure 8. Uplink power consistency / phase continuity between SBFD resources and TDD resources.

Observation 3. In case of UE with high capabilities, the channel coherence may be maintained longer than either of the allocated SBFD resource or TDD resource.

Proposal 5. Study the potential specification impact to support power consistency and/or phase continuity of UL transmission(s) across SBFD operation boundary.

CSI feedback enhancements for subband FD
As aforementioned, flexible/dynamic resource allocations for both TDD and subband FD operations are beneficial, e.g., for co-existence of legacy (Rel-15/-16/-17) and new (Rel-18 and beyond) UEs. An accurate and proper CSI feedback would be one of the key aspects to realize such flexible/dynamic DL/UL resource allocations across multiple RB sets. Given that frequency resources for a CSI report are configured by higher-layer parameters in CSI report setting (so, there would be no explicit association between CSI report and duplex mode without CSI feedback enhancements), the frequency resources for the duplex operation mode and those for CSI feedback may or may not be identical to each other at a given time instance. 
Figure 9 depicts an example of valid frequency resources for CSI derivation according to various duplex operation modes. In Figure 9, it is clear that the bandwidth configured for the corresponding CQI report does not cause any ambiguity (e.g., any configured bandwidth can be applied for both wideband/subband CSI derivations) for CSI reference resources with TDD. On the other hands, since the bandwidth configured for the corresponding CQI report can be wider than the bandwidth for subband FD, TBS derived by the bandwidth configured for the corresponding CQI report and TBS derived by the actual available DL resources for subband FD may not be aligned. These two different TBS values can be quite different and thus the derived CQI indexes could be different as well.
Therefore, to support accurate CSI feedback for various duplex operation modes, it should be clarified that the valid frequency resources for CSI feedback can be affected by the frequency resources allocated for the duplex operation mode associated with the CSI feedback.
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[bookmark: _Ref101860811]Figure 9. An example of valid frequency resources for CSI derivation according to TDD/subband FD operation modes.

Proposal 6. RAN1 to study CSI feedback enhancement for subband non-overlapping FD.

Conclusion
In this contribution, ETRI’s views on subband non-overlapping FD were shown and the following observations and proposals were made:
Observation 1. DL/UL resource allocations for subband non-overlapping full duplex operation are applicable for Rel-15/-16 UEs by gNB implementations at the cost of uncertain level of guard band or less flexible DL/UL direction configuration/indication.
Observation 2. DL-UL direction change of an SBFD aware UE in SBFD symbols is beneficial for the following use cases
· Use case #1: Ease of planning on cell-specific signals / channels
· Use case #2: Latency reduction for UL/DL beam indication, channel measurement, CSI feedback, etc.
· Use case #3: Ease of co-existence with legacy UEs
Observation 3. In case of UE with high capabilities, the channel coherence may be maintained longer than either of the allocated SBFD resource or TDD resource.

Proposal 1. Multiple SBFD subbands with different D-U directions can be configured on a given time instance from a UE perspective.
Proposal 2. RAN1 to study the following aspects of resource allocation for subband non-overlapping FD:
· Support of UL/DL subband allocation based on explicit RB set and guard band configuration.
· Detailed signaling methods for UL/DL subband allocation considering interaction with slot formation configuration.
· SFI enhancement for dynamic SBFD symbol allocation for a given time instance.
Proposal 3. Study semi-static and/or dynamic DL-UL direction change of an SBFD aware UE in SBFD symbols.
Proposal 4. Consider the following options for SBFD aware UEs.
· Option A (baseline): UE does not receive a DL transmission if the DL transmission overlaps, even partially, with a UL subband (and potentially corresponding guard band(s)), and UE does not transmit a UL transmission if the UL transmission overlaps, even partially, with a DL subband (and potentially guard band(s)).
· Option B: If a DL transmission partially overlaps with a UL subband (and potentially corresponding guard band(s)), the UE can receive the non-overlapped DL transmission.
· Option C: If a UL transmission partially overlaps with a DL subband (and potentially corresponding guard band(s)), the UE can transmit the non-overlapped UL transmission.
Proposal 5. Study the potential specification impact to support power consistency and/or phase continuity of UL transmission(s) across SBFD operation boundary.
Proposal 6. RAN1 to study CSI feedback enhancement for subband non-overlapping FD.
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