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[bookmark: _Ref115276913]Introduction
This contribution presents ETRI’s views on SBFD enhancements focusing on the following topics:
· UL/DL subband configuration and indication for SBFD.
· Potential enhancements on DL reception and UL transmission for SBFD UEs.
· Potential enhancements on CSI feedback for SBFD.

Discussion
[bookmark: _Ref127350476]UL/DL subband configuration and indication for SBFD
[bookmark: _Ref118302131]Table 1. Agreements on SBFD resource configuration / indication [2], [3] .
	Agreement #1
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study the following options for SBFD aware UEs,
Option 1: 
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· FFS: Whether DL receptions outside DL subband(s) are allowed or not in the symbol
Option 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol for both options. For all RBs outside the UL subband, UE cannot use separate RBs for DL and UL simultaneously

Agreement #2
For dynamic SBFD,
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed
Dynamic SBFD should be compared with dynamic TDD and/or semi-static SBFD in terms of performance, implementation complexity, switching latency.
For each option, additional conditions may apply to determine whether the option is applicable.

Agreement #3
Study whether or not a slot can consist of both SBFD and non-SBFD symbols including
· Benefits
· Use cases
· Scheduling flexibility
· Implementation complexity 
· Compatibility with legacy TDD DL/UL configuration




We think at least two different flavors for the SBFD subband configuration are available, depending on its interaction with the slot format configuration:
· Alt. 1: No change in the legacy slot format configuration. The UL subband is separately signalled and it overrides the configured slot format.
· Alt. 2: Extend the slot format configuration to support to make SBFD symbols.
An example configuration for Alt. 1 is depicted in Figure 1. In this approach, the configured UL subband has higher priority than the resources determined by the slot format configuration, and it overrides a part of the DL and flexible symbols as illustrated in the figure. Since the DL and flexible subbands need not be indicated, indicating a single RB set corresponding to the UL subband frequency location is sufficient. For the time domain allocation, one or more SBFD durations consisting of a set of slots and/or symbols can be indicated. The periodicity of the SBFD durations can simply be the same as the periodicity of the slot format configuration, or can be separately configured if that separation is considered beneficial.
[image: ]
[bookmark: _Ref115439750]Figure 1. An example for Alt. 1.
For Alt. 2, the extension of the legacy slot format configuration can be achieved in several directions. One simple approach is to add a new symbol type, e.g., SBFD symbol (Alt. 2-1) on top of the existing DL, UL, and flexible symbol. In this approach, the subband pattern-related information may be configured together with the SBFD symbol location. For example, SBFD symbols with ‘D’ direction may correspond to {DUD}, {DU}, and {UD} subband patterns, and SBFD symbols with ‘F’ direction may correspond to {FUF}, {FU}, and {UF} subband patterns, depending on the UL subband location as shown in Figure 2.
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[bookmark: _Ref118454365]Figure 2. An example for Alt. 2-1.
Another approach is to configure multiple RB sets together with per-RB set slot format configuration information (Alt. 2-2), which is illustrated in Figure 3. For example, UE can be configured with three RB sets to form {XYZ} SBFD subband pattern and three slot format information each corresponding to each of the three RB sets. In this approach, symbols having different directions construct the SBFD symbols. At the expense of increased signalling overhead, this method can provide very large flexibility on DL/UL resource partitioning in use of the SBFD carrier. One clarification that may be needed in Alt. 2-2 is whether the way of determining the SBFD symbols in Alt. 2-2 falls into the “explicit” indication or implicit indication to judge whether this approach can be included in the agreed baseline scheme or not.
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[bookmark: _Ref115439780]Figure 3. Examples for Alt. 2-2.

We think the alternatives above need to be captured in the TR and should be revisited in the normative work item given that the starting point of each solution may determine the possible level of dynamic/flexible change between SBFD and non-SBFD operations by nature. For instance, SBFD subband configurations and indications may or may not be associated with the legacy dynamic TDD configurations and indications, which means that the SBFD operation may or may not be related with the legacy dynamic TDD operation (i.e., dynamic TDD operation is not a necessary condition for dynamic SBFD operation or for dynamic change between SBFD and non-SBFD operations).
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 1. RAN1 to study the following associations between SBFD subband location indication and slot format indication for the SBFD-capable UEs:
· Alt. 1: Time resources of DL/UL subbands are separately signalled and it overrides the configured slot format.
· Alt. 2: Extend the slot format configuration to cover both SBFD and non-SBFD symbols by a single signalling.

Proposal 2. RAN1 to study SFI enhancement for dynamic SBFD symbol allocation for a given time instance.

Regarding the agreement#1 in Table 1, we believe option 2 should be the baseline for future study given that option 1 limits configuration flexibility without clear benefits. From our understanding, the reason to configure flexible symbols in TDD-UL-DL-ConfigCommon is to further configure or indicate those symbols as downlink symbols or uplink symbols by TDD-UL-DL-ConfigDedicated or DCI format 2_0. And given that dynamic TDD and SBFD can be complementary features (e.g., adjust D-U ratio by dynamic TDD from cell-specific perspective and further refine D-U ratio by SBFD from UE-specific perspective) but does not need to be mutually exclusive to each other, there are no reason to have hard restriction on UL transmission outside UL subband or DL reception outside DL subband in case of flexible symbols.

Proposal 3. For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, RAN1 to consider option 2 as the baseline for SBFD aware UEs:
· Option 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol

We share our views on FFS points of option 2 as follows:
· Conversion to DL-only symbol: Per the modular design principle of 5G NR, we think it would be good to pursue enabling coexistence of multiple features for various purposes and environments. For the same reason, it should be possible to co-operate SBFD and dynamic TDD (including the legacy one and the enhanced version, which is being studied in the other agenda), we think. In this regard, conversion of flexible symbol in TDD-UL-DL-ConfigCommon, which may be configured with SBFD subband configurations, to either of UL-only or DL-only symbol is an essential feature to support SBFD operation and dynamic TDD simultaneously. Otherwise, it would be clarified that SBFD operation and dynamic TDD cannot be applied in the same symbol.
· Guard band signalling: As discussed in Section 2.1, an explicit signalling of guard band provides clear SBFD operation from both gNB and UE perspectives at the cost of signalling overhead. We think either of DL subband or guard band would be necessarily configured to avoid any ambiguity given that the required guard band may not be the same according to the type of channel/signal allocated in the DL/UL subband (see Figure 7 for detailed examples). However, it needs to be clarified that the configured guard band is not applicable when the symbol is converted to a UL-only (or DL-only) symbol.

Proposal 4. RAN1 to clarify the followings:
· Explicit signalling of guardband(s) is required for SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon.
· For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the symbol can be converted to a DL-/UL-only symbol.
· The configured guardband is not applicable for a DL-/UL-only symbol.

Per the discussions above, the agreement#2 in Table 1 can be refined as follows:
Proposal 5. For dynamic SBFD, DL receptions outside semi-statically configured DL subband(s) can be allowed in a symbol configured as DL in TDD-UL-DL-ConfigCommon.
Proposal 6. For dynamic SBFD, DL receptions outside semi-statically configured DL subband(s) are allowed in the symbol configured as flexible in TDD-UL-DL-ConfigCommon.
Proposal 7. For dynamic SBFD, UL transmissions outside semi-statically configured UL subband are allowed in the symbol configured as flexible in TDD-UL-DL-ConfigCommon.

Regarding the agreement#3 in Table 1, we prefer to specify a slot comprising both SBFD and non-SBFD symbols in Rel-19 based on the following observations:
· Benefits and use cases: A slot comprising SBFD and non-SBFD symbols enables partial SBFD operation within a slot (mixed slot). If we assume slot allocations such as {Slot#1(D only), Slot#2(D only), Slot#3(D only), Slot#4(DFU), Slot#5(U only)}, the mixed slot prevents SBFD UE from unintended switching between SBFD to non-SBFD in Slot#4.
· Scheduling flexibility: For the reasons above, the mixed slot makes the scheduler be simple.
· Implementation complexity: For the reasons above, we think the mixed slot lower the implementation complexity from both gNB and UE perspectives.
· Compatibility with legacy TDD DL/UL configuration: We think the time duration that can be managed by the same interference management scheme can be maximized by the mixed slot (e.g., the same scheme can be applied from Slot#1 to Slot#4 in the example above). Therefore, the mixed slot has good compatibility with legacy TDD DL/UL configuration.

Observation 1. A mixed slot comprising both SBFD and non-SBFD symbols provides the following characteristics:
· Benefits and use cases: A slot comprising SBFD and non-SBFD symbols enables partial SBFD operation within a slot (mixed slot). If we assume slot allocations such as {Slot#1(D only), Slot#2(D only), Slot#3(D only), Slot#4(DFU), Slot#5(U only)}, the mixed slot prevents SBFD UE from unintended switching between SBFD to non-SBFD in Slot#4.
· Scheduling flexibility: For the reasons above, the mixed slot makes the scheduler be simple.
· Implementation complexity: For the reasons above, the mixed slot lower the implementation complexity from both gNB and UE perspectives.
· Compatibility with legacy TDD DL/UL configuration: The time duration that can be managed by the same interference management scheme can be maximized by the mixed slot (e.g., the same scheme can be applied from Slot#1 to Slot#4 in the example above). Therefore, the mixed slot has good compatibility with legacy TDD DL/UL configuration.

[bookmark: _Ref118302360]DL reception and UL transmission for SBFD UEs

[bookmark: _Ref118302467]Table 2. Agreements on DL reception and UL transmission for SBFD UEs [1].
	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)



As captured in Table 1, 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 UEs. As a consequence 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.
The use cases above would be the answer to the previous agreements in Table 2.
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Figure 4. DL-UL direction change of an SBFD aware UE in SBFD symbols

Proposal 8. Capture the following use cases of DL-UL direction change for an SBFD aware UE in SBFD symbols in the TR:
· 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 9. Study semi-static and/or dynamic DL-UL direction change of an SBFD aware UE in adjacent 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
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.




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 10. 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 5 provides an example of Option B (partial reception on DL transmission overlapping with UL subband). In Figure 5, 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 5. An example of valid DL reception in SBFD symbols based on Option 2.

[bookmark: _Ref127371470]Table 3. Agreements on DL reception and UL transmission for SBFD UEs in [2], [3].
	Agreement
Study impact and potential enhancements for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, including at least the following:
· PDCCH, scheduled/configured PUCCH/PUSCH/PDSCH, without repetition in SBFD symbols and non-SBFD symbols
· Scheduled/configured SRS/CSI-RS in SBFD symbols and non-SBFD symbols
· Scheduled/configured TBoMS across SBFD symbols and non-SBFD symbols with or without repetition
· Multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols
· Scheduled/configured PDSCH/PUSCH/PUCCH with repetitions across SBFD symbols and non-SBFD symbols
Note: Inter-slot/intra-slot/inter-repetition/inter-group frequency hopping with DMRS bundling of PUSCH/PUCCH, if applicable, is considered.
Examples of potential enhancements include:
· Resource allocation in frequency domain including frequency hopping
· Resource allocation in time domain
· Power domain
· Spatial domain 
FFS: If the PUCCH/PUSCH/PDSCH/PDCCH can be mapped to SBFD and non-SBFD in the same slot if configured.

Agreement
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols)
· Study the following options for SBFD-aware UEs:
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
· PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH

Agreement
Study at least the followings for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots:
· Whether/how to have separate resources 
· Whether/how to have separate FH parameters
· Whether/how to have separate UL power control parameters 
· Whether/how to have separate beam/spatial relation 

Agreement
For SBFD-aware UEs, study the at least following options for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands. For an RBG that overlaps the subband boundary,
· Option 1: 
· Part of the DL RBG inside the DL subband can be used
· Part of the UL RBG inside the UL subband can be used
· Option 2: 
· Part of the DL RBG inside the DL subband cannot be used
· Part of the UL RBG inside the UL subband cannot be used
· FFS: The part of the RBG outside.




Table 3 shows the agreements on DL reception and UL transmission across SBFD and non-SBFD symbol boundary [2]. Figure 6 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.

[image: ]
[bookmark: _Ref115426672][bookmark: _Hlk115279830]Figure 6. Uplink power consistency / phase continuity between SBFD resources and TDD resources.

Observation 2. In case of UE with high capabilities, the channel coherence may be maintained longer than either of the allocated SBFD resource or TDD resource.

Similar with the above example, the following aspects can be considered to enable 1) PDCCH reception in SBFD symbols and 2) PDCCH reception across SBFD and non-SBFD symbols:
· The same CORESET configuration can be utilized for PDCCH monitoring on DL subbands
· Only the BD/CCE candidates fully overlapping with DL subbands are considered as vaild for PDCCH monitoring
· PDCCH repetition across SBFD symbols and non-SBFD symbols
· FFS, the exact mapping of frequencyDomainResources in DL subbands

Proposal 11. Consider the followings for PDCCH receptions in SBFD symbols.
· The same CORESET configuration can be utilized for PDCCH monitoring on DL subbands
· Only the BD/CCE candidates fully overlapping with DL subbands are considered as vaild for PDCCH monitoring
· PDCCH repetition across SBFD symbols and non-SBFD symbols
· FFS, the exact mapping of frequencyDomainResources in DL subbands

Similar with the above example, the following aspects can be considered to enable 1) PDSCH reception in SBFD symbols and 2) PDSCH reception across SBFD and non-SBFD symbols:
· The same frequency domain resource allocation [per the same PRB indexing] can be utilized for PDSCH scheduling on DL subbands
· Only the REs overlapping with DL subbands are considered as vaild for PDSCH reception
· FFS, puncturing and/or rate-matching on the invalid REs
· Consider to support SPS PDSCH allocation across SBFD symbols and non-SBFD symbols by UE capability

Proposal 12. Consider the followings for PDSCH receptions in SBFD symbols.
· The same frequency domain resource allocation [per the same PRB indexing] can be utilized for PDSCH scheduling on DL subbands
· Only the REs overlapping with DL subbands are considered as vaild for PDSCH reception
· FFS, puncturing and/or rate-matching on the invalid REs
· Consider to support SPS PDSCH allocation across SBFD symbols and non-SBFD symbols by UE capability

Similar with the above example, the following aspects can be considered to enable 1) PUCCH transmission in SBFD symbols and 2) PUCCH transmission across SBFD and non-SBFD symbols:
· Option 1: Separated PUCCH resource group configurations for non-SBFD symbols (e.g., covered by the 1st PUCCH resource group) and SBFD symbols (e.g., covered by the 2nd PUCCH resource group)
· Option 2: Single PUCCH resource configuration that can span across SBFD and non-SBFD symbols
· FFS, application timing of each PUCCH resource group in case of option 1
· Slot-level and/or symbol-level PUCCH resource group switching according to the duplex mode

Proposal 13. Consider the followings for PUCCH transmissions in SBFD symbols.
· Option 1: Separated PUCCH resource group configurations for non-SBFD symbols (e.g., covered by the 1st PUCCH resource group) and SBFD symbols (e.g., covered by the 2nd PUCCH resource group)
· Option 2: Single PUCCH resource configuration that can span across SBFD and non-SBFD symbols
· FFS, application timing of each PUCCH resource group in case of option 1
· Slot-level and/or symbol-level PUCCH resource group switching according to the duplex mode

Similar with the above example, the following aspects can be considered to enable 1) PUSCH transmission in SBFD symbols and 2) PUSCH transmission across SBFD and non-SBFD symbols:
· The same frequency domain resource allocation [per the same PRB indexing] can be utilized for PUSCH scheduling on UL subbands
· Only the REs overlapping with UL subbands are considered as vaild for PUSCH transmission
· FFS, puncturing and/or rate-matching on the invalid REs
· FFS, whether/how to support CG PUSCH allocation across SBFD symbols and non-SBFD symbols

Proposal 14. Consider the followings for PUSCH transmissions in SBFD symbols.
· The same frequency domain resource allocation [per the same PRB indexing] can be utilized for PUSCH scheduling on UL subbands
· Only the REs overlapping with UL subbands are considered as vaild for PUSCH transmission
· FFS, puncturing and/or rate-matching on the invalid REs
· FFS, whether/how to support CG PUSCH allocation across SBFD symbols and non-SBFD symbols

[image: ]
[bookmark: _Ref127370799]Figure 7. Guard band configurations for SSB slots and normal (non-SSB) slots.

Figure 7 depicts an example of guard band configurations for SSB slots and normal (non-SSB) slots. Given that the portion of SSB slots can be much larger than 10% per the network deployment scenario, the potential gain from SBFD operation would be limited, if the specification only supports TDM of SSB slots/symbols and SBFD slots/symbols. To enable FDM of SSB and SBFD DL/UL subband(s), the following aspects/features need to be considered in RAN1:
· Separated guard band configurations for FDMed and TDMed cases
· Dropping / puncturing / rate-matching rules for FDMed SSB and UL subbands
· Dropping / puncturing / rate-matching rules for FDMed SSB and DL subbands

Proposal 15. RAN1 to consider the following options for FDMed SSB and SBFD DL/UL subbands:
· Separated guard band configurations for FDMed and TDMed cases.
· Dropping / puncturing / rate-matching rules for FDMed SSB and UL subbands.
· Dropping / puncturing / rate-matching rules for FDMed SSB and DL subbands.

CSI feedback enhancements for subband FD
[bookmark: _Ref131515752]Table 4. Agreements on CSI feedback for SBFD UEs [1], [2], [3].
	Agreement#1
Study impact and potential enhancements of CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subbands.

Agreement#2
Study impact/potential enhancements for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency.

Agreement#3
Study the impact and benefits of potential enhancements to resource allocation in frequency-domain for SBFD operation, considering unaligned boundaries between resource block group(s)/reporting subband(s) and SBFD subbands, including at least the following:
· RBG for PDSCH RA type 0
· CSI reporting configuration
· CSI-RS resource configuration
· PRG of PDSCH

Agreement#4
Study the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs considering the following options:
· Option 1: Two contiguous CSI-RS resources that are linked
· Option 2: One CSI-RS resource
· Option 2-1: Non-contiguous CSI-RS resource allocation
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) 

Agreement#5
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS, at least, across SBFD symbols and non-SBFD symbols in different slots (each CSI-RS resource within a slot has either all SBFD or all non-SBFD symbols):
· Option 1: separate CSI reporting for SBFD symbols and non-SBFD symbols
· Option 2: same CSI reporting for SBFD symbols and non-SBFD symbols

Agreement#6
For SBFD-aware UEs, study at least the following issues for PDSCH:
· PRG(s) with size of 2 and 4 that overlaps with subband boundary 
· Wideband precoder in case of non-contiguous DL subbands



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 8 depicts an example of valid frequency resources for CSI derivation according to various duplex operation modes. In Figure 8, 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.
[image: ]
[bookmark: _Ref101860811]Figure 8. An example of valid frequency resources for CSI derivation according to TDD/subband FD operation modes.

Proposal 16. RAN1 to clarify that for a CSI report, a UE shall assume the duplex mode applied for the CSI reference resource of that CSI report.

Proposal 17. RAN1 to clarify that for a CSI report with a frequency resource configuration, only the frequency resources within the DL subband are considered as the valid frequency resources for that CSI report where the corresponding CSI reference resource contains SBFD symbols.
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[bookmark: _Ref127372438]Figure 9. CMR, IMR, CSI reference resource, and PUSCH/PUCCH for a CSI report.

Figure 9 shows CMR, IMR, CSI reference resource and PUSCH/PUCCH resources for a CSI report and their relationships. As in Figure 9, a CSI report shall be associated with 1) at least one CMR and/or IMR and 2) a CSI reference resource. It should be noted that the specification permits a UE to accumulate (or perform a weighted sum) measurements from multiple CMR/IMR occasions unless the CMR/IMR is configured with time-domain measurement restriction for the CSI report via higher-layer parameter timeRestrictionForChannelMeasurements or timeRestrictionForInterferenceMeasurements. It means that a CSI report based on the current version of specifications may be associated with different CMR/IMR occasions, which may be measured in either of SBFD symbol and non-SBFD symbol. Since it cannot be guaranteed that interferences in SBFD symbol and non-SBFD symbol will share the same pattern/tendency, the CSI accuracy in such cases also cannot be secured as well. Therefore, specification supports to align the duplex mode of CMR, IMR, and CSI reference resource for a CSI report would be beneficial to ensure accuracy of the CSI report.

Proposal 18. RAN1 to clarify that for a CSI report, a UE shall only consider the CMR and/or IMR, which shares the same duplex mode with the CSI reference resource.
· For a CSI report with CSI reference resource in SBFD symbols, UE does not take the CMR and/or IMR into account for CSI derivation, if the CMR and/or IMR is on the non-SBFD symbols
· For a CSI report with CSI reference resource in non-SBFD symbols, UE does not take the CMR and/or IMR into account for CSI derivation, if the CMR and/or IMR is on the SBFD symbols

As in the agreement#4 and #5 in Table 4, RAN1 has been discussing about adopting single or multiple CSI-RS and/or CSI report configurations considering multiple DL subbands for SBFD operation. One more aspect that need to be studied together is CPU occupation for such scenarios. It is worth to note that NR has provided various types of CPU occupation rules according to the number of CSI-RS / CSI-IM resources associated with a CSI report, or the type (e.g., aperiodic, semi-persistent, periodic) of a CSI report, etc. Therefore, it would be natural to start from the same design principle in case of SBFD CSI as well. As depicted by Figure 10, for instance, when the gNB configures multiple CSI reports (e.g., one CSI report per DL subband), the consequence would be multiple CPU occupation, which implies that the UE may have reduced number of CPUs for the other operation mode (e.g., for TDD) or for other BWP, cells, etc. On the other hand, if the gNB allocates a single CSI report across multiple DL subbands, the number of CPU occupation would be 1 (if the CSI report is associated with a single pair of CSI-RS and CSI-IM), regardless of the number of DL subbands. Having said that, it also needs to be noted that more CSI reports provide more accurate CSI for different DL subbands at the cost of overhead as aforementioned. For the reasons above, we think the listed options in the agreement#4 and #5 in Table 4 provides valuable trade-off points between overhead and performance to the network.
If we need to down-select a limited set of options for Rel-19 normative work, we recommend to start from the low overhead scheme (i.e., a single CSI-RS resource configuration and a single CSI report configuration across multiple DL subbands).

[image: ]
[bookmark: _Ref131516498]Figure 10. Examples of CPU occupation for SBFD CSI generation.

Observation 3. Per the number of CSI-RS/CSI-IM resources and the number of CSI reports for SBFD CSI, the required number of CSI occupations of a UE may be different.

Proposal 19. RAN1 to study CPU occupation for SBFD CSI generation.

Conclusion
In this contribution, ETRI’s views on subband non-overlapping FD were shown and the following observations and proposals were made:
Observation 1. A mixed slot comprising both SBFD and non-SBFD symbols provides the following characteristics:
· Benefits and use cases: A slot comprising SBFD and non-SBFD symbols enables partial SBFD operation within a slot (mixed slot). If we assume slot allocations such as {Slot#1(D only), Slot#2(D only), Slot#3(D only), Slot#4(DFU), Slot#5(U only)}, the mixed slot prevents SBFD UE from unintended switching between SBFD to non-SBFD in Slot#4.
· Scheduling flexibility: For the reasons above, the mixed slot makes the scheduler be simple.
· Implementation complexity: For the reasons above, the mixed slot lower the implementation complexity from both gNB and UE perspectives.
· Compatibility with legacy TDD DL/UL configuration: The time duration that can be managed by the same interference management scheme can be maximized by the mixed slot (e.g., the same scheme can be applied from Slot#1 to Slot#4 in the example above). Therefore, the mixed slot has good compatibility with legacy TDD DL/UL configuration.
Observation 2. In case of UE with high capabilities, the channel coherence may be maintained longer than either of the allocated SBFD resource or TDD resource.
Observation 3. Per the number of CSI-RS/CSI-IM resources and the number of CSI reports for SBFD CSI, the required number of CSI occupations of a UE may be different.

Proposal 1. RAN1 to study the following associations between SBFD subband location indication and slot format indication for the SBFD-capable UEs:
· Alt. 1: Time resources of DL/UL subbands are separately signalled and it overrides the configured slot format.
· Alt. 2: Extend the slot format configuration to cover both SBFD and non-SBFD symbols by a single signalling.
Proposal 2. RAN1 to study SFI enhancement for dynamic SBFD symbol allocation for a given time instance.
Proposal 3. For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, RAN1 to consider option 2 as the baseline for SBFD aware UEs:
· Option 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
Proposal 4. RAN1 to clarify the followings:
· Explicit signalling of guardband(s) is required for SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon.
· For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the symbol can be converted to a DL-/UL-only symbol.
· The configured guardband is not applicable for a DL-/UL-only symbol.
Proposal 5. For dynamic SBFD, DL receptions outside semi-statically configured DL subband(s) can be allowed in a symbol configured as DL in TDD-UL-DL-ConfigCommon.
Proposal 6. For dynamic SBFD, DL receptions outside semi-statically configured DL subband(s) are allowed in the symbol configured as flexible in TDD-UL-DL-ConfigCommon.
Proposal 7. For dynamic SBFD, UL transmissions outside semi-statically configured UL subband are allowed in the symbol configured as flexible in TDD-UL-DL-ConfigCommon.
Proposal 8. Capture the following use cases of DL-UL direction change for an SBFD aware UE in SBFD symbols in the TR:
· 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 9. Study semi-static and/or dynamic DL-UL direction change of an SBFD aware UE in adjacent SBFD symbols.
Proposal 10. 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 11. Consider the followings for PDCCH receptions in SBFD symbols.
· The same CORESET configuration can be utilized for PDCCH monitoring on DL subbands
· Only the BD/CCE candidates fully overlapping with DL subbands are considered as vaild for PDCCH monitoring
· PDCCH repetition across SBFD symbols and non-SBFD symbols
· FFS, the exact mapping of frequencyDomainResources in DL subbands
Proposal 12. Consider the followings for PDSCH receptions in SBFD symbols.
· The same frequency domain resource allocation [per the same PRB indexing] can be utilized for PDSCH scheduling on DL subbands
· Only the REs overlapping with DL subbands are considered as vaild for PDSCH reception
· FFS, puncturing and/or rate-matching on the invalid REs
· Consider to support SPS PDSCH allocation across SBFD symbols and non-SBFD symbols by UE capability
Proposal 13. Consider the followings for PUCCH transmissions in SBFD symbols.
· Option 1: Separated PUCCH resource group configurations for non-SBFD symbols (e.g., covered by the 1st PUCCH resource group) and SBFD symbols (e.g., covered by the 2nd PUCCH resource group)
· Option 2: Single PUCCH resource configuration that can span across SBFD and non-SBFD symbols
· FFS, application timing of each PUCCH resource group in case of option 1
· Slot-level and/or symbol-level PUCCH resource group switching according to the duplex mode
Proposal 14. Consider the followings for PUSCH transmissions in SBFD symbols.
· The same frequency domain resource allocation [per the same PRB indexing] can be utilized for PUSCH scheduling on UL subbands
· Only the REs overlapping with UL subbands are considered as vaild for PUSCH transmission
· FFS, puncturing and/or rate-matching on the invalid REs
· FFS, whether/how to support CG PUSCH allocation across SBFD symbols and non-SBFD symbols
Proposal 15. RAN1 to consider the following options for FDMed SSB and SBFD DL/UL subbands:
· Separated guard band configurations for FDMed and TDMed cases.
· Dropping / puncturing / rate-matching rules for FDMed SSB and UL subbands.
· Dropping / puncturing / rate-matching rules for FDMed SSB and DL subbands.
Proposal 16. RAN1 to clarify that for a CSI report, a UE shall assume the duplex mode applied for the CSI reference resource of that CSI report.
Proposal 17. RAN1 to clarify that for a CSI report with a frequency resource configuration, only the frequency resources within the DL subband are considered as the valid frequency resources for that CSI report where the corresponding CSI reference resource contains SBFD symbols.
Proposal 18. RAN1 to clarify that for a CSI report, a UE shall only consider the CMR and/or IMR, which shares the same duplex mode with the CSI reference resource.
· For a CSI report with CSI reference resource in SBFD symbols, UE does not take the CMR and/or IMR into account for CSI derivation, if the CMR and/or IMR is on the non-SBFD symbols
· For a CSI report with CSI reference resource in non-SBFD symbols, UE does not take the CMR and/or IMR into account for CSI derivation, if the CMR and/or IMR is on the SBFD symbols
Proposal 19. RAN1 to study CPU occupation for SBFD CSI generation.
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