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Introduction
This contribution presents ETRI’s views on the followings:
· SBFD subbands indication
· DL receptions and UL transmissions in SBFD subbands
· CSI measurement and report for SBFD

Discussion
SBFD subbands indication
The new WID on SBFD provides the following objectives on SBFD subbands indication as in Table 1 and Table 2 captures the corresponding outcome from SI.

[bookmark: _Ref159231809]Table 1. WID objectives on SBFD subbands indication [1].
	· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded



[bookmark: _Ref159232291]Table 2. TR 38.858 on SBFD subbands indication [2].
	For indication of subband locations for SBFD operation, semi-static configuration of subband time and frequency location is studied as baseline. 
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. 
For semi-static configuration of subband frequency locations for SBFD operation, at least explicit indication of frequency location of UL subband is required. At least for semi-static SBFD, the following two options are viable solutions for frequency location configuration of DL subband(s) and guardband(s) if any.
-	Option 1: Frequency locations of DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
-	Option 2: The number of RBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
For semi-static SBFD, a SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband(s) that the UE is aware of. 
Furthermore, for the purpose of RAN1 study, the understanding is that for semi-static configuration of subband frequency locations for SBFD operation, frequency location of UL/DL subband is with reference to CRB grid. For semi-static configuration of subband location, same subband frequency resources across different SBFD symbols are considered as baseline.



Regarding the two options to indicate DL subband(s) and guardband(s) as highlighted by yellow in Table 2, we prefer explicit configuration on guardband(s), i.e., option 2. An explicit signalling of guard band provides clear SBFD operation from both gNB and UE perspectives at the cost of signalling overhead. Furthermore, although either of explicit configuration on DL subband or guardband is viable solution as clarified in Table 2, the explicit configuration on guardband can provide more efficient/clear methods to configure SBFD subbands due to the higher priority of guradband over DL/UL subbands, which is highlighted as cyan in Table 2. 

Proposal 1. RAN1 to agree the following option for guardband(s) and DL subband(s) indication:
· Option 2: The number of RBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).

For time and frequency indication of SBFD subbands, 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.
[image: ]
[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.

Proposal 2. RAN1 to consider the following options to indicate SBFD subband(s) time and frequency location:
· Alt. 1: Locations of SBFD symbols/slots are separately configured and override the legacy slot format configurations.
· Alt. 2: Extend the legacy slot format configuration to cover both SBFD and non-SBFD symbols by a single signalling.

Regarding the indication of time/frequency location of SBFD subbands in SIB as highlighted in Table 1, we think RRC-based time/frequency indication of SBFD subbands should be enough for Rel-19 given that all SBFD UE are assumed to be in RRC CONNECTED mode in Rel-19, unless it is agreed to support SBFD operation to UE in RRC_IDLE/INACTIVE mode for RA. 

Proposal 3. RAN1 to consider RRC-based SBFD subband(s) time and frequency resource indication as a baseline. 

DL receptions and UL transmissions in SBFD subbands
The new WID on SBFD provides the following objectives on DL receptions and UL transmissions in SBFD subbands as in Table 3.

[bookmark: _Ref159236473]Table 3. Objectives on DL receptions and UL transmissions in SBFD subbands [1].
	· [bookmark: _Hlk153407590]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol



The simplest way to support both TDD and SBFD without any potential collision would be to have exclusive configurations for all DL and UL channels and signals per duplex mode, respectively. Since such solution requires a burdensome signaling overhead, it has been a common understanding that a certain level of collision between SBFD DL/UL subband allocation and time/frequency resources configurations for channels/signals. For the collisions above, it seems that one among the following three options should be applied:
· 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.

Figure 4 provides an example of Option B (partial reception on DL transmission overlapping with UL subband). In Figure 4, 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 4. An example of valid DL reception in SBFD symbols based on Option 2.

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:
· Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols can be configured or defined. In an example, the separate valid resources can be enabled by two different frequency resource configurations in a CORESET. The exact mapping of frequencyDomainResources in DL subbands can be further studied. In another example, the separate valid resources can be enabled by exclude BD/CCE candidates those are not fully overlapping with DL subbands.
· Rate matching on the REG(s) of a PDCCH outside DL subband(s) REG is also a valid option, we think. PDCCH DM-RS can be mapped based on the REG and only the valid REG bundle(s) can be indexed.
· [bookmark: _Hlk135049676]PDCCH repetition across SBFD symbols and non-SBFD symbols is required for the same level of latency and/or reliability for PDCCH repetition at the legacy TDD operation. Otherwise (i.e., PDCCH repetition based on either of SBFD or non-SBFD symbols), it needs to be clarified that intra-slot PDCCH repetition from Rel-17 MIMO may not be supported in slots with both SBFD and non-SBFD symbols.

Proposal 4. RAN1 to consider the following options for PDCCH monitoring of SBFD-aware UE:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).

Figure 5 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 5. Uplink power consistency / phase continuity between SBFD resources and TDD resources.

Proposal 5. RAN1 to study enhancements of nominal/actual time domain window for DMRS bundling of PUCCH/PUSCH for SBFD-aware UE.

[image: ]
[bookmark: _Ref127370799]Figure 6. Guard band configurations for SSB slots and normal (non-SSB) slots.
Figure 6 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 6. 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 measurement and report for SBFD
The new WID on SBFD provides the following objectives on CSI measurement and report in SBFD subbands as in Table 4.

[bookmark: _Ref159236530]Table 4. objectives on CSI measurement and report in SBFD subbands [1].
	· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots



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 7 depicts an example of valid frequency resources for CSI derivation according to various duplex operation modes. In Figure 7, 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 7. An example of valid frequency resources for CSI derivation according to TDD/subband FD operation modes.

Proposal 7. 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 8. 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.
[image: ]
[bookmark: _Ref127372438]Figure 8. CMR, IMR, CSI reference resource, and PUSCH/PUCCH for a CSI report.

Figure 8 shows CMR, IMR, CSI reference resource and PUSCH/PUCCH resources for a CSI report and their relationships. As in Figure 8, 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 9. 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

Through the SI phase, RAN1 had discussed 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 9, 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. 
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 9. Examples of CPU occupation for SBFD CSI generation.

Observation 1. 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 10. RAN1 to clarify CPU occupation for SBFD CSI generation.
· A single CSI report configured with multiple frequency resources, and/or multiple CMRs/IMRs for multiple SBFD DL subbands occupies increased number of CPUs than the legacy CSI report for TDD.

Conclusion
In this contribution, ETRI’s views on SBFD were shown and the following observation and proposals were made:
Observation 1. 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 agree the following option for guardband(s) and DL subband(s) indication:
· Option 2: The number of RBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
Proposal 2. RAN1 to consider the following options to indicate SBFD subband(s) time and frequency location:
· Alt. 1: Locations of SBFD symbols/slots are separately configured and override the legacy slot format configurations.
· Alt. 2: Extend the legacy slot format configuration to cover both SBFD and non-SBFD symbols by a single signalling.
Proposal 3. RAN1 to consider RRC-based SBFD subband(s) time and frequency resource indication as a baseline. 
Proposal 4. RAN1 to consider the following options for PDCCH monitoring of SBFD-aware UE:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
Proposal 5. RAN1 to study enhancements of nominal/actual time domain window for DMRS bundling of PUCCH/PUSCH for SBFD-aware UE.
Proposal 6. 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 7. 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 8. 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 9. 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 10. RAN1 to clarify CPU occupation for SBFD CSI generation.
· A single CSI report configured with multiple frequency resources, and/or multiple CMRs/IMRs for multiple SBFD DL subbands occupies increased number of CPUs than the legacy CSI report for TDD.
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