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In RAN1 112 meeting, the following agreement and conclusions were made for subband non-overlapping full duplex (SBFD) [1]: 
	Agreement
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
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

Agreement
For inter-UE inter-subband CLI measurement, study at least the following methods:
· Method#1: victim UE measures RSSI within DL subband
· FFS: Whether SINR can be measured
· Method#2: victim UE measures RSRP of aggressor UE within UL subband
· Method#3: victim UE measures RSSI within UL subband 
· Note: the restriction in Rel-16 that CLI is only measured within DL BWP does not forbid UE to measure CLI in UL subband when UL subband is confined within DL BWP.

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
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.

Agreement
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

Agreement:
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:
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:
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 


In this contribution, we present our views on various issues for SBFD operation. Initial evaluation for SBFD operation is provided in our companinon contribution [2]. 
Basic assumptions for SBFD operation 
SBFD operation in cell-specific DL and flexible symbol 
For SBFD operation with UL subband, it was widely acknowledged that it can be configured at least in cell-specific DL symbol and cell-specific flexible symbol configured by tdd-UL-DL-ConfigurationCommon, though companies held different views for how to support SBFD operation in DL and flexible symbols, if dynamic SBFD operation is supported. 
If only semi-static subband configuration is allowed, i.e., no dynamic change of subbands, SBFD operation is same for DL and flexible symbol (option 1 in agreement in RAN1 112), i.e., UL transmission/DL reception in an SBFD symbol should be confined to UL subband/DL subband respectively if the symbol is semi-statically configured as SBFD symbol. 
Additionally, if dynamic subband configuration such as dynamic time location + semi-static frequency location is allowed, resource utilization according to variable DL/UL traffic can be improved compared with semi-static subband operation. Compared to legacy dynamic TDD, dynamic subband operation can adjust DL/UL resources with finer granularity. 
Observation 1: Dynamic SBFD can improve overall performance, comparing with semi-static SBFD or dynamic TDD, with more flexible DL/UL resource adaptation in response to variable DL/UL traffic. 
To support dynamic subband operation, 5 cases listed below can be studied, depending on UL subband configured in a DL symbol or Flexible symbol. 
Case A: A semi-static SBFD symbol dynamically switches to a full DL symbol
Case B: A semi-static full DL symbol dynamically switches to a SBFD symbol
Case C: A semi-static SBFD symbol dynamically switches to a full UL symbol 
Case D: A semi-static SBFD symbol dynamically switches to a full flexible symbol 
Case E: A semi-static flexible symbol dynamically switches to a SBFD symbol

If UL subband is configured for a legacy DL symbol, case A and case B can be studied.
· For case A, gNB may reserve more UL resources than needed and rely on dynamic switch to DL to utilize semi-static UL subband for DL reception on need. 
· For case B, gNB may reserve less UL resources and rely on dynamic switch to SBFD symbol for additional UL subband resource for UL transmission on need.

For both case A and case B, either gNB performing dynamic switch or neighbour gNB would suffer dynamic variation of intra-subband CLI. The mechanism to manage intra-band CLI is discussed in our companion tdoc [3]. For filtering, case A does not change UL RF filtering at gNB side, while case B may require UL RF filter adaptation, which depends on the default UL RF filtering state (e.g., whether set the bandwidth same as UL BWP or UL subband for a symbol which may be used for SBFD operation) and the number of UL RF filters (e.g., one UL RF filter with full bandwidth and another UL RF filter with UL subband bandwidth) by implementation. If case B is to be supported, the frequency subband location should not dynamically vary, i.e., the frequency location is still determined by semi-static configuration. 
If UL subband is configured for a legacy flexible symbol, case A, case C, case D and case E can be studied.
· For case A & C, similar to legacy flexible symbol which can be dynamically switched to DL or UL symbol, a SBFD symbol in semi-static flexible symbol may be dynamically switched to full DL or UL symbol. Then, SBFD-aware UE as well as legacy UE can be served with full bandwidth as in legacy TDD system. 
In previous RAN1 meetings, there was some debate on whether only support case A which is same as SBFD operation in DL symbol or support both case A and case C to enable full bandwidth for UL transmission as legacy flexible symbol. On the one hand, it seems simpler if unified behaviour is performed for both DL and flexible symbol configured with UL subband, i.e., only case A is supported (option 2 in agreement in RAN1 112). On the other hand, without support of case C, gNB would either (1) not configure UL subband for a flexible symbol to ensure similar flexibility of resources to accommodate dynamic UL traffic as legacy flexible symbol or (2) gNB would sacrifice opportunities for full UL transmission in flexible symbols configured with UL subband. Apparently, for (1), though gNB may perform SBFD operation in a transparent way in the flexible symbol not configured with UL subband, the performance of SBFD operation degrades, which conflicts with initial motivation to support non-transparent SBFD operation for this SI. For (2), with limited resource for UL transmission, UL performance degrades, which also conflicts with initial motivation to support SBFD operation. Therefore, case C should be supported, i.e., option 3 in agreement in RAN1 112.
· For case D, on one hand, the full flexible symbol may be finally used either for full UL or full DL, thus it seems case D is redundant, in addition to case A and case C. On the other hand, to keep similar function of flexible symbol indicated by legacy SFI, e.g., to cancel some higher layer-configured channel/signal, case D may be considered. Further discussions may be needed to establish the necessity of case D.  
· For case E, similar to case B, gNB may reserve more resources for full DL or full UL scheduling by such semi-static flexible symbol, e.g., for legacy UE, and rely on dynamic switch to SBFD symbol for finer resource adjustment. 
For case A, case C, case D and case E, either gNB performing dynamic switch or neighbour gNB would suffer dynamic variation of intra-band CLI. The mechanism discussed in our companion tdoc [3] can be applied to handle the intra-band CLI. For filtering, cases C, D and E may require UL RF filter adaptation, e.g., bandwidth switch from UL subband to full UL bandwidth or from full UL bandwidth to UL subband. However, note this such switching and associated timeline can be specific to gNB implementation and entirely under gNB control, and gNB can always ensure sufficient time for the switch if gNB intends to indicate such dynamic switching. 

Observation 2: Comparing with semi-static SBFD, dynamic SBFD suffers intra-subband CLI, which may require inter-cell interference coordination. 

Observation 3: Comparing with semi-static SBFD, dynamic SBFD may require UL RF filter adaptation, if a semi-static full DL/UL/Flexible symbol can dynamically switch to a SBFD symbol or a semi-static SBFD symbol can dynamically switch to a full UL symbol, but the complexity and switching delay can be specific to gNB implementation and entirely under gNB control since the timeline for such switching is up to gNB implementation.

Proposal 1: Support dynamic SBFD configuration with dynamic time location + semi-static frequency location. 
· For SBFD operation in a symbol configured as DL in TDD-UL-DL-ConfigCommon, if dynamic SBFD configuration is supported, at least Case A (option 2 in RAN1 112 agreement) is supported.  
· Case A: A semi-static SBFD symbol in legacy DL symbol dynamically switches to a full DL symbol. Therefore, DL receptions within & outside semi-static DL subband(s) are allowed in the symbol.
· For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, if dynamic SBFD configuration is supported, at least Case A and Case C (option 3 in RAN1 112 agreement) is supported. 
· Case A: A semi-static SBFD symbol in legacy flexible symbol dynamically switches to a full DL symbol. Therefore, DL receptions within & outside semi-static DL subband(s) are allowed in the symbol. 
· Case C: A semi-static SBFD symbol in legacy flexible symbol dynamically switches to a full UL symbol. Therefore, UL transmission within & outside semi-static UL subband(s) are allowed in the symbol. 

Proposal 2: Further study case B and case E for dynamic SBFD configuration. 
· Case B: A semi-static full DL symbol dynamically switches to a SBFD symbol
· Case E: A semi-static flexible symbol dynamically switches to a SBFD symbol

To enable dynamic time location of subband, gNB may explicitly or implicitly indicate a SBFD symbol or full DL/UL/Flexible symbol. 
· For explicit indication, a dedicated signaling for dynamic symbol type indication can be considered. 
If only dynamic switch from a SBFD symbol is allowed while dynamic switch to a SBFD symbol is not allowed, existing SFI may be sufficient. If dynamic switch to a SBFD symbol is also allowed, new signaling type of SBFD symbol is to be added to legacy full DL/UL/flexible symbol in SFI. 
Similar to legacy SFI, the explicit indication is applicable to both dynamic scheduled and configured channels/signals. Since the indication is carried by PDCCH, the consequence of miss-detection of the PDCCH should be carefully considered. For example, if a UE is configured with CG PUSCH in UL subband in a SBFD symbol, and the UE miss-detects the PDCCH indicating dynamic switch from SBFD symbol to full DL symbol, the mechanism to ensure the UE drop the CG PUSCH is needed. Otherwise, the collision of UL transmission and DL reception in the same time and frequency resource among different UEs would happen. To address this, UE behaviour defined in case of missed DCI 2_0 can be utilized for configured channels/signals. However, for dynamically scheduled channels/signals, the miss-detection of dynamic SBFD indication may cause confusion on how to determine frequency resource for the channel/signals. For example, assuming gNB schedules a PDSCH in SBFD symbols and a separate dynamic indication switches the symbols to legacy full DL symbol, if UE miss-detects the dynamic indication, UE would determine PRBs for PDSCH based on PRBs indicated in the DL assignment and DL subband, e.g., perform rate matching around UL subband as discussed in section 3.2.1, but gNB may expect UE to receive PDSCH on allocated PRBs without rate matching, because the symbol is switched to a legacy full DL symbol. 
Another mechanism for explicit indication is to add new bit field in DL assignment/UL grant to indicate whether      symbols of scheduled PDSCH/PUSCH are switched between SBFD and non-SBFD symbol. The confusion of frequency domain resource discussed above can be avoided, but it may not be applicable to configured channels/signals. 

· For implicit indication, gNB may implicitly indicate dynamic switch between full DL/UL/Flexible symbol and SBFD symbol by frequency resource allocation in DL assignment/UL grant.
For the implicit indication, gNB should ensure scheduling of UEs does not lead to dynamic frequency location change of subbands, i.e., if at least one UE is scheduled DL in UL subband or UL in DL subband, remaining PRBs in the UL subband should not be used for UL scheduling or remaining PRBs in the DL subband should not be used for DL scheduling.
For SBFD symbol to full DL/UL symbol switch, gNB may dynamically schedule a DL reception overlapping with semi-static UL subband in a semi-static DL or flexible symbol, or dynamically schedule a UL transmission overlapping with semi-static DL subband in a semi-static flexible symbol. However, UE may not know how to interpret the indicated frequency resource allocation. As discussed in section 3.2, with same FDRA indication, actually allocated PRBs for a channel/signal may be different for SBFD and non-SBFD symbols. 
In case of full DL/Flexible symbol switch to SBFD symbol, gNB may dynamically schedule a UL transmission and UE may identify the switch if the UE is scheduled a UL transmission in semi-static DL symbol. 
The implicit indication may be applicable to dynamic scheduling case (but how to interpret FDRA discussed above needs further study) while it may not ensure proper operation for configured scheduling. Additional mechanism to adjust configured channel/signal is required, e.g., how to cancel a CG PUSCH in semi-static UL subband in semi-static DL symbol if the symbol is switched to full DL symbol for another UE. 
Based on discussion above, whether to only support explicit and/or implicit indication for dynamic time location switch and how to support the dynamic indication can be further studied. 
For ease of exposition, in following sections, a semi-static subband in a SBFD symbol is denoted as invalid subband if the symbol is switched to a full DL/UL/Flexible symbol (by explicit or implicit indication), while a subband in a SBFD symbol actually used for SBFD operation is denoted as valid subband. 

Observation 4: Dynamic time location switch for subband can be achieved by both explicit and implicit indication. 
· Explicit indication using dedicated signaling for symbol type indication can enable proper operation for both dynamic and configured channel/signal, but there would be confusion if the DCI for dynamic switch indication is miss-detected by UE. 
· Explicit indication for symbol type indication by a new bit field in DL assignment or UL grant can enable proper operation for dynamic channel/signal but may not support operation for configured channel/signal.
· Implicit indication based on FDRA in DL assignment or UL grant can enable proper operation for dynamic channel/signal but it may lead to confusion on the actual allocated for some cases, and it may not support operation for higher layer configured channel/signal.

Proposal 3: Further study methods for explicit indication and implicit indication for dynamic scheduling. Mechanism(s) to avoid miss-aligned resource allocation caused by miss-detection of the indication should be considered.  
DL/UL/Flexible Subband in a SBFD symbol  
RAN1 already agreed to support up to one UL subband in a carrier (excluding legacy UL symbol) and the UL subband can be located at one side of the carrier or at the middle part of the carrier. In addition to DL/UL subband, there was some discussion on flexible subband, which can be used either for UL transmission or DL transmission, to support dynamic switch between SBFD symbol to a full UL or full DL symbol. 
	[image: ]
	               [image: ]

	Flexible subband in Flexible symbol
	Flexible subband in DL symbol


Figure 1 Flexible resource in flexible or DL symbol
Based on discussion in section 2.1, dynamic switch can be supported without introduction of new subband type of ‘flexible subband’. Instead, semi-statically configured DL & UL subband with dynamic indication which explicitly/implicitly switches the semi-static DL/UL subband to a temporal UL/DL subband for full UL/DL symbol can be sufficient. 
Observation 5: Flexible subband which can be used either for UL transmission or DL transmission can be achieved by dynamic switch between a semi-static DL/UL subband and temporal UL/DL subband in case of dynamic switch between full UL/DL and SBFD symbol. 
Proposal 4: Do not introduce new subband type of ‘flexible subband’ for SBFD operation.  
Guard band between DL/UL subbands 
Guard band between DL and UL subbands for filter rolloff is likely needed to reduce the interference from DL subband to UL subband and vice versa. The minimum guard band size is expected to be provided by RAN4, with the consideration of practical implementation. From RAN1’s point of view, RAN1 needs to study whether to support explicit or implicit indication of guard band and the interaction between the guard band and DL/UL signals/channels. gNB can explicitly configure DL and UL subband and the PRBs between DL and UL subband is implicitly determined as guard band. Alternatively, gNB explicitly configures UL subband and guard band so that DL subband is implicitly derived by the remaining PRBs. Regarding the interaction between guard band and DL/UL signals/channels, it depends on whether a SBFD symbol is dynamically switched to a full DL/UL symbol. If the symbol is finally used as a full DL/UL symbol, DL/UL signals/channels can be transmitted on PRBs of guard band, otherwise, the PRBs of guard band should be reserved to avoid interference. 
Proposal 5: Study methods for explicit/implicit indication of guard bands between DL and UL subbands to a UE and related UE behaviour. 
Resource allocation and L1 procedure with impact of DL/UL subband
 RAN1 agreed to study potential enhancements for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, including enhancement for PUCCH/PUSCH/PDSCH/PDCCH/CSI-RS/SRS. In this section, basic assumption that whether a slot can consist of both SBFD and non-SBFD symbols are firstly discussed, and then, how to support enhancements for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols based on the basic assumption is discussed.  
Whether a slot can consist of both SBFD and non-SBFD symbols
Option 1: Slot-level SBFD configuration, i.e., all symbols in a slot belong to the same symbol type (SBFD or non-SBFD symbol).
The slot-level SBFD configuration imposes restriction for SBFD operation. For example, self-contained frame structure which includes both DL symbol and UL symbol (also flexible symbol) in a slot is unavailable for SBFD operation, because UL symbol is always a non-SBFD symbol. As another example, if the symbol for SSB cannot be configured as SBFD symbol, then the whole slot is unavailable for SBFD operation. Consequently, the resources for SBFD operation would be limited with slot-level SBFD configuration. 

Option 2: Symbol-level SBFD configuration, i.e., some of symbols can be SBFD symbol while other symbols can be non-SBFD symbol in a slot. 
Symbol-level SBFD configuration achieves better flexibility than slot-level SBFD configuration and it is compatible with legacy TDD DL/UL configuration (self-contained slot). Symbol-level SBFD configuration may or may not increase complexity, depending on whether a UL transmission/DL reception can map to both SBFD and non-SBFD symbols in a slot. For avoid any confusion, a UL transmission/DL reception is corresponding to one transmission/reception occasion of a signal/channel, and UL transmissions/DL receptions are corresponding to multiple transmission/reception occasions of a signal/channel. For example, for a PUSCH without repetition scheduled by single-PUSCH DCI, the PUSCH has only one transmission occasion, and the PUSCH is one UL transmission. For another example, for a PUSCH with repetition or a configured PUSCH without repetition, the PUSCH is associated with multiple transmission occasions. As analyzed in section 3.2, if a UL transmission or a DL reception is only within single symbol type (SBFD or non-SBFD symbol), the complexity is similar to the case of slot-level SBFD configuration.

Observation 6: Symbol-level SBFD configuration achieves better flexibility than slot-level SBFD configuration and it is better compatible with legacy TDD DL/UL configuration and NR slot formats. The complexity to support symbol-level SBFD configuration is similar to slot-level SBFD configuration as long as a single UL transmission/DL reception is within symbols with single symbol type (SBFD or non-SBFD symbols).

Proposal 6: Support a slot consisting of both SBFD and non-SBFD symbols.

Whether a UL transmission/DL reception can be mapped to SBFD and non-SBFD in the same slot if configured
This section discusses whether one transmission/reception occasion can overlap with both SBFD and non-SBFD symbols in the same slot. 

If one PUCCH/PUSCH/PDSCH/PDCCH occasion maps to both SBFD and non-SBFD symbols, it would lead to different performance in different symbols within one PUCCH/PUSCH/PDSCH/PDCCH which degrades the performance and complicates link adaptation and the overall transmission/reception procedure. As discussed in previous meetings, different parameters such as frequency resource, power and spatial parameters can be configured for SBFD and non-SBFD case. If one PUCCH/PUSCH/PDSCH/PDCCH occasion maps to both SBFD and non-SBFD symbols, either UE determines a reference symbol type to select corresponding parameter which is applied to all symbols of one PUCCH/PUSCH/PDSCH/PDCCH occasion or UE applies different parameter for different symbols of one PUCCH/PUSCH/PDSCH/PDCCH occasion. If a single set of parameters is applied for one PUCCH/PUSCH/PDSCH/PDCCH occasion, the performance may not be optimal because the parameter is not optimized for all the symbols considering different available resource and different interference for SBFD and non-SBFD symbols of the PUCCH/PUSCH/ PDSCH/PDCCH occasion. If separate parameters are applied for different symbols of one PUCCH/PUSCH/PDSCH/PDCCH occasion, it incurs new challenge for implementation, e.g., how to support non-constant power for a transmission, how to support beam switching for different symbols without gap, how to support different frequency resources, and potential impact on channel estimation, link adaptation, etc. Furthermore, depending on gNB/UE implementation, if a switch gap between SBFD and non-SBFD symbols are needed, new mechanism is needed to generate the gap within one UL transmission. 
To achieve balance between flexibility and complexity, it is desirable to support symbol-level SBFD configuration while avoiding the mapping of a PUCCH/PUSCH/PDSCH/PDCCH occasion to both SBFD and non-SBFD symbols. Same restriction can be applied to SRS, CSI-RS, and PRACH. 
For scheduled transmission/reception without repetition or multi-slot scheduling, it would be easy for gNB to properly allocate time domain resource for a PDSCH/PUSCH/PUCCH occasion to avoid mapping to both SBFD and non-SBFD symbols. 
For configured transmission/reception or scheduled transmission/reception with repetition or multi-slot scheduling, the avoidance of mapping to both SBFD and non-SBFD symbols would be quite restrictive for resource allocation. Similar to existing handling for PDSCH/PDCCH colliding with UL symbol or PUSCH/PUCCH colliding with DL symbol, a PUCCH/PUSCH/PDSCH/PDCCH occasion may overlap with both SBFD and non-SBFD symbol and the corresponding transmission/reception can be dropped/postponed if such cases may occur. 

Proposal 7: A slot can consist of both SBFD and non-SBFD symbol, but UE does not expect to transmit a PUSCH/PUCCH/SRS in one occasion or receive a PDSCH/PDCCH/CSI-RS in one occasion overlapping with both SBFD and non-SBFD symbols.  
· For scheduled transmission/reception without repetition, UE does not expect to be scheduled with transmission/reception of a PUSCH/PUCCH/PRACH/PDSCH/SRS/CSI-RS that may be mapped to both SBFD and non-SBFD symbols. 
· For configured transmission/reception or scheduled transmission/reception with repetition/multi-slot scheduling/TBoMS, the resource for a PDSCH/PUSCH/PUCCH/PDCCH/CSI-RS/SRS can map to both SBFD and non-SBFD symbols. UE drops or postpones the transmission/reception, if the transmission/reception occasion map to both SBFD and non-SBFD symbols. 
Whether different UL transmissions/DL receptions can be mapped to SBFD and non-SBFD symbols 
One UL transmission/DL reception occasion should be confined within symbols with same symbol type as discussed in section 3.2, while whether the restriction should be applied for different occasions needs further discussion. 
In RAN1 112 meeting, RAN1 agreed to study enhancement 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). With the restriction of each transmission/reception occasion confined within symbols with same symbol type as discussed in section 3.2, potential enhancement for different occasions across SBFD symbols and non-SBFD symbols in different slots or in different symbols within a slot can be a unified solution. There are two options,  
· Option 1: All transmission/reception occasions associated with a signal/channel are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: Different transmission/reception occasions associated with a signal/channel can be in SBFD symbols and non-SBFD symbols

For Option 1, firstly, the intended symbol type for all transmission/reception occasions should be determined, e.g., gNB can provide the symbol type for higher-layer configured DL reception/UL transmission or indicate the symbol type in a DCI scheduling DL reception/UL transmission, or a rule should be defined to determine the symbol type. Secondly, within a given symbol type, gNB may carefully allocate resources to ensure all transmission/reception occasions are confined to the given symbol type. Alternatively, resource configuration may allow one occasion in SBFD symbols and another occasion in non-SBFD symbols, but only the occasions in symbols with given symbol type can be valid occasions. Consequently, compared with option 2, coverage would degrade or latency would increase, thereby obviating some of the benefits from SBFD.
Assuming DXXXU with a periodicity of 5ms, where X is SBFD slot, available UL resource for a SBFD UE is degraded by 25%, if all transmission occasions of a PUSCH with repetitions are restricted to SBFD symbols, though utilization ratio for UL transmission is still much better than legacy TDD system. For DL reception, available DL resource for a SBFD UE is degraded by 25%, if all reception occasions of a PDSCH with repetitions are restricted to SBFD symbols, and resource utilization ratio is degraded by 75%, if all reception occasions of the PDSCH with repetitions are restricted to legacy DL symbols only. Thus, resource utilization ratio for DL reception would be much worse than legacy TDD system. Although gNB may utilize both SBFD and non-SBFD symbol for a SBFD UE, e.g., by increasing the number of SPS PDSCH/CG PUSCH configurations or by separate DCI for dynamically scheduled PDSCH/PUSCH, for SBFD and non-SBFD symbols respectively, it incurs larger signaling overhead and more complicated processing timelines. 
On the other hand, option 1 can simplify implementation for some cases. Since all valid occasions are restricted to one symbol type, gNB can allocate single set of parameters for frequency resource, power control and beam/spatial relation for all the occasions, and UE simply uses the parameters as existing way. By option 2, gNB may allocate two sets of parameters for SBFD and non-SBFD symbols respectively and UE may need to identify the proper set for a transmission/reception occasion according to SBFD or non-SBFD symbols, e.g., one repetition in SBFD symbol with frequency hopping offset 1 and another repetition in non-SBFD symbol with frequency hopping offset 2, and signaling overhead for resource allocation may be increased, e.g., if two FDRA bit fields in a DCI is supported. 
It can be seen that, proper option for different channels/signal may be different, with consideration of impact on coverage, latency, scheduling flexibility, signaling overhead, gNB/UE implementation complexity and standard effort. 
Proposal 8: For UL transmissions and DL receptions associated with multiple occasions which are across SBFD symbols and non-SBFD symbols (each transmission/reception occasion has either all SBFD or all non-SBFD symbols), further study following options with consideration of achievable coverage/latency gain, scheduling flexibility, signaling overhead, gNB/UE implementation complexity and standardization effort:
· Option 1: All transmission/reception occasions associated with a signal/channel are restricted to SBFD symbols only or non-SBFD symbols only 
· FFS how to determine a symbol type (SBFD or non-SBFD) for the signal/channel
· FFS how to determine valid occasions of the signal/channel for the determined symbol type 
· Option 2: Different transmission/reception occasions associated with a signal/channel can be in SBFD symbols and non-SBFD symbols
· FFS whether/how to support different parameters for different occasions for the signal/channel for SBFD and non-SBFD symbols 
· Different option may be applied for different signal/channel
Potential enhancements for resource allocation and L1 procedure
DL signals/channels and L1 procedure
PDSCH
RAN1 agreed to study impact and potential enhancements of RA type 0 in case of unaligned boundary between RBG/PRG and DL/UL subbands. In RAN1 112 meeting, two options were discussed. Option 1 allows resource allocation of a RBG overlapping with the subband boundary and PRBs of the RBG in DL/UL subband can be used for DL reception/UL transmission. Option 2 forbids gNB to allocate a RBG overlapping with the subband boundary. Considering RBG size can be up to 16 PRBs, option 2 is not preferred due to non-negligible resource waste. To support option 1 for PDSCH, the simplest way would be rate matching around the UL subband. Whether to introduce new mechanism for rate matching, e.g., UE performs rate matching around UL subband which is similar to rate matching around SSB or enable rate matching around UL subband by existing rate matching pattern, can be further studied. For both options, the restriction of no rate matching around PDSCH DMRS REs should be relaxed. 
In addition to enhancement for RA type 0, enhancement for RA type 1 can be considered. Though RA type 0 can support non-contiguous resource allocation which is sufficient to support PDSCH across non-contiguous DL subbands, there are still some cases which only relies on RA type 1, e.g., by fallback DCI. For RA type 1, similar mechanism for RA type 0 can be applied. 
For a DL RBG overlapping the subband boundary, only PRBs of the RBG in DL subband is received. Consequently, only some of PRBs of a PRG is received. UE assumes the same precoding is applied for these PRBs. In case of wideband precoder configured for UE, gNB can only allocate continguous PRBs for PDSCH based on existing rule, which leads to restriction of PDSCH in only one DL subband. To enable a PDSCH mapped to two non-contiguous DL subbands using same precoder, the restriction of contiguous resource allocation can be relaxed to allow 2 cluster of PRBs in two DL subbands and each cluster consists of contiguous PRBs. 
Proposal 9: For PDSCH reception in SBFD symbols, 
· Support an allocated RBG overlapping the subband boundary for RA type 0. 
· Support an allocated RB overlapping with UL subband for RA type 1. 
· For both RA type 0 and type 1, rate matching around UL subband can be applied. 
· For a PRG, same precoding is assumed for PRBs of the PRG which are within the DL subbands. 
· 2 clusters of PRBs in two non-contiguous DL subbands wherein each cluster consists of contiguous PRBs can be considered, when wideband precoder is configured.   

For PDSCH with single transmission occasion, i.e., scheduled PDSCH without repetition or multi-PDSCH scheduling, or PDSCH with multiple transmission occasions and all valid occasions are restricted to one symbol type (option 1 as discussed in section 3.3), gNB can appropriately control the intended resource for the PDSCH. If the indicated FDRA overlaps with UL subband, gNB expects reasonable performance/coding rate after rate matching around UL subband. But for PDSCH with multiple occasions in both SBFD and non-SBFD symbols (option 2 as discussed in section 3.3), for some cases, it may be more difficult for gNB to ensure proper resource for each PDSCH. Then, whether still simple rate matching around UL subband for each PDSCH is sufficient or a separate mechanism is desirable needs further study. For example, separate FDRA determination for a PDSCH in SBFD symbols and a PDSCH in non-SBFD symbols can be considered. To reduce excessive increase of signaling overhead caused by separate FDRA for SBFD and non-SBFD case, single FDRA configuration/indication with different interpretation based on available DL resources in SBFD and non-SBFD symbols can be studied. Furthermore, in case of separate FDRA determination, whether the PDSCH may still overlap with a UL subband needs further discussion, e.g., whether it is an error case or it is a valid case and UE drops the PDSCH, as is discussed in Section 3.3.   
Proposal 10: For PDSCH reception with multiple reception occasions, further study following options:
· Option 1: Single frequency resource allocation with rate matching around UL subband for SBFD and non-SBFD case, if different reception occasions associated with the PDSCH can be in SBFD symbols and non-SBFD symbols, or all valid reception occasions associated with the PDSCH are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: Different frequency resource derived by single FDRA indication according to DL BWP and DL subband for SBFD and non-SBFD case, if different reception occasions associated with the PDSCH can be in SBFD symbols and non-SBFD symbols. 

CSI-RS resource determination & CSI-RS based L1 procedure
RAN1 agreed to study impact and potential enhancements of CSI-RS resource frequency resource allocation across non-contiguous DL subbands and unaligned boundaries between CSI-RS resource (with granularity of 4 PRBs) and UL/DL subbands. RAN1 also agreed to study periodic and semi-persistent CSI-RS with multiple occasions across SBFD and non-SBFD symbols.
For CSI-RS resource in SBFD symbols, one option is to configure two contiguous CSI-RS resources that are linked, another option is single CSI-RS resource with non-contiguous resource allocation or existing contiguous resource allocation. 
· Option 1: Two contiguous CSI-RS resources (each is within one DL subband) can be applicable to non-contiguous DL subbands, but it may not well address the unaligned boundaries unless the resource allocation granularity is reduced to 1 PRB. Furthermore, to enable one measurement result based on the two CSI-RS resources, new mechanism to link the CSI-RS resources is needed. 
· Option 2-1: Single CSI-RS resource with non-contiguous PRBs can be applicable to non-contiguous DL subbands, but it may not well address the unaligned boundaries unless the granularity is reduced to 1 PRB. Non-contiguous resource allocation requires new signaling with larger overhead, though increase of RRC signaling overhead would be acceptable.  
· Option 2-2: Single CSI-RS resource with existing configuration of contiguous PRBs can be applicable to non-contiguous DL subbands, as well unaligned boundaries case, with simple adaptation to UE behavior such that UE receives CSI-RS in configured PRBs by excluding PRBs outside DL subband (s), as shown in figure 2.

For CSI-RS with single reception occasion, i.e., aperiodic CSI-RS, gNB may easily trigger the CSI-RS in SBFD or non-SBFD symbols per need. For CSI-RS with multiple reception occasions, i.e., periodic or semi-persistent CSI-RS, some occasions of the CSI-RS may be in SBFD symbol while other occasions of the CSI-RS may be in non-SBFD symbol. 
· For option 1 in section 3.3, gNB may configure a CSI-RS resource with a symbol type (SBFD or non-SBFD), and only occasions in symbols with the configured symbol type are valid occasions. gNB may configure multiple CSI-RS resources with different symbol types for a UE. Then, Options 1, 2-1 and Option 2-2 for CSI-RS resource discussed above can be applicable for a CSI-RS resource configured for SBFD, and existing CSI-RS resource configuration/reception is applicable for a CSI-RS resource configured for non-SBFD. 
· For option 2 in section 3.3, gNB may configure a CSI-RS resource and both occasions in SBFD symbols and occasions in non-SBFD symbols are valid. Though the total number of CSI-RS resources could be reduced, comparing with separate CSI-RS resources for SBFD and non-SBFD case, the complexity for CSI processing is comparable or even more complicated, because UE anyway needs to separately measure/combine/store CSI for CSI-RS occasions in SBFD and non-SBFD symbols respectively. Also, gNB may need to configure two different frequency resources for one CSI-RS resource, e.g., if option 1 or option 2-1 for CSI-RS resource configuration and reception discussed above is adopted for SBFD symbols while existing CSI-RS resource configuration and reception is reused for non-SBFD symbols. Furthermore, gNB may need to configure two different QCL or power parameters for one CSI-RS resource, e.g., if different number of antenna element/panel is used for SBFD and non-SBFD symbols. 
Therefore, separate CSI-RS resources for SBFD and non-SBFD case respectively is preferred for a clean and simple design. 
It is noted, the mechanism for CSI-RS configuration/reception can also be applied to NZP CSI-RS for channel measurement or interference measurement, and for CSI-IM configuration for interference measurement. 

Proposal 11: For CSI-RS configuration and reception, 
· Separate CSI-RS resource is configured for SBFD and non-SBFD. 
· Only occasions of the CSI-RS in symbols with same type (SBFD or non-SBFD) as configured for the CSI-RS resource are valid occasions. 
· For a CSI-RS resource configured for SBFD,  
· CSI-RS frequency resource is configured contiguously as existing way. In a valid occasion, UE receives CSI-RS in the configured PRBs excluding PRBs outside DL subbands (i.e., option 2-2 in RAN1 112 agreement). 
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	Figure 2   UE reception of CSI-RS in DL subbands (option 2-2)
	Figure 3   Mismatch between CSI reporting subband and DL/UL subbands



RAN1 agreed to study CSI reporting configuration across non-contiguous DL subbands and unaligned boundaries between CSI reporting subband and UL/DL subbands. Furthermore, RAN1 agreed to study same or separate CSI reporting for SBFD and non-SBFD symbols.

Existing CSI reporting configuration supports contiguous and non-contiguous subset of subbands for CSI reporting, which may support CSI reporting across non-contiguous DL subbands, but the boundary of CSI reporting subband may not align with DL/UL subbands, which leads to mismatch between CSI reporting and CSI-RS resource. As shown in Figure 3, there are 5 CSI reporting subbands. For both CSI subband #2 &#4, the CSI subband overlaps with both DL and UL subbands. Based on the CSI-RS reception mechanism discussed above, CSI subband #2 &#4 contains PRBs without CSI-RS resource. 
To align CSI-RS reception and CSI subband, 
· Option 1: UE does not expect to be configured with a CSI reporting subband which overlaps with DL/UL subband boundary. For example, gNB should not indicate ‘1’ for subband 2 and subband 4 in figure 3. Though option 1 can work without any additional standard effort, CSI in PRBs near DL/UL subband boundary may not be available. The impact from this could be non-negligible in case of larger subband sizes.
· Option 2: A CSI reporting subband based on existing mechanism can overlap with DL/UL subband boundary.  For example, gNB can indicate ‘1’ for subband 2 and subband 4 in figure 3. UE derives CSI report for the CSI subband based on available CSI-RS resource received by the UE. Comparing with option 1, more accurate CSI can be obtained with minor modification.
· Option 3: Introduce new mechanism for CSI reporting subband configuration, e.g., gNB can configure starting and ending PRBs for CSI subband and gNB ensures the configured CSI subband boundary is aligned with DL/UL subband. Comparing with option 1 and option 2, larger standardization effort may be expected. 

Regarding whether single or separate CSI reporting for SBFD and non-SBFD symbols, separate CSI reporting is preferred. gNB can obtain CSI for SBFD and non-SBFD symbols by different CSI reporting, which can be directly used as reference for adaptive scheduling for PDSCH with single reception occasion or PDSCH with multiple reception occasions confined within one symbol type. gNB can also combine CSI for SBFD and non-SBFD symbols, if gNB wants to schedule PDSCH with multiple reception occasions in both SBFD and non-SBFD symbols. On contrary, by single CSI reporting for both SBFD and non-SBFD case, the usefulness of CSI would be quite limited. For example, gNB has to rely on time domain restriction to obtain CSI for SBFD or non-SBFD from last CSI-RS occasion. 

If separate CSI reporting is configured for SBFD and non-SBFD symbols, it is more natural to configure different CSI-RS resource for each CSI reporting, where the CSI reporting and the CSI-RS resource should be associated with same symbol type. Though single CSI-RS resource for two CSI reporting for different symbol type is also workable, i.e., UE derives CSI for a CSI reporting for SBFD symbols and a CSI reporting for non-SBFD symbols based on occasions in SBFD symbols and occasions in non-SBFD symbols respectively, it would complicate the CSI feedback framework and increase implementation complexity. If single CSI reporting is configured, the only reasonable way is to configure single CSI-RS resource for both SBFD and non-SBFD symbols for the CSI reporting. 

It is also noted that, if separate CSI reporting is configured, for each CSI reporting, different CSI reporting subband can be configured, all options for CSI reporting subband discussed above can be applicable, e.g., option 3 above can be applied for CSI reporting subband configuration for SBFD and existing CSI reporting subband configuration for non-SBFD. If single CSI reporting is configured for both SBFD and non-SBFD symbols, by option 1 or option 3 above, gNB can only configure CSI reporting subband confined with DL subbands, which cannot provide full CSI information for non-SBFD case, while option 2 above can still work. 

Another aspect for CSI reporting is whether enhancement for reference CSI resource is needed. For a CSI reporting configured for SBFD symbols, time domain definition of CSI reference resource may require a valid slot with SBFD symbol, and frequency domain definition of the CSI reference resource may need consider the fact that smaller bandwidth of available CSI-RS in a configured CSI reporting subband.  

Proposal 12: For CSI reporting, 
· CSI reporting for SBFD and non-SBFD symbols is separately configured. Separate CSI-RS resources are configured for separate CSI reporting with same type as that configured for CSI reporting.  
· For CSI subband reporting
· For CSI reporting in non-SBFD symbol, legacy mechanism is applied. 
· For CSI reporting in SBFD symbol, following options can be considered, 
· CSI subband is configured based on existing mechanism, UE derives CSI report for the CSI subband based on CSI-RS resource within DL subband. 
· New CSI subband configuration with configurable starting and ending PRBs for each CSI subband is introduced to align CSI subband boundary with DL/UL subband boundary, UE derives CSI report for the CSI subband based on CSI-RS resource within the CSI subband. 
· FFS enhancement for reference CSI resource.  

PDCCH 
Similar to PDSCH resource allocation with RBG and CSI-RS resource allocation with granularity of 4 PRBs which may be unaligned with subband boundary, PDCCH CORESET resource allocation with granularity of 6 PRBs with unaligned boundary also needs attention. CORESET configurations are semi-statically provided. If single search space is configured for SBFD and non-SBFD symbols, PDCCH MOs may fall in regular DL or SBFD symbols. It would be undesirable if the CORESET configuration is conservatively set in view of SBFD symbols, thereby increasing PDCCH blocking even in regular DL symbols. Solutions based on defining UE behaviour which does not change REG or CCE structure of a PDCCH should be studied. The standard impact/additional complexity is minor, e.g., a PDCCH candidate can overlap with UL subband but the PDCCH candidate is dropped, which is similar to the case of collision between a PDCCH candidate and SSB in Rel-15. Alternatively, separate CORESET can be configured for SBFD and non-SBFD case, but it may increase total number of CORESETs supported by UE. 
Proposal 13: Enhancement for PDCCH monitoring in CORESET overlapping with UL subband without change of REG/CCE structure can be considered. 
· UE drops a PDCCH candidate if the PDCCH candidate overlaps with UL subband. 
SSB 
RAN1 agreed to study whether SBFD operation is allowed in SSB symbol. On one hand, SBFD operation in SSB symbol may degrade SSB detection performance and inter-UE coordination to reduce CLI impact on SSB would be quite challenge considering uncertainty of SSB measurement by a UE.  On the other hand, if SBFD operation in SSB symbol is not allowed, it would be difficult to support contiguous UL subband resource in time domain (especially when the number of SSBs is relatively large) which leads to frequent switch between DL and SBFD symbols thus almost useless for UL repetition for coverage improvement. RAN1 should further evaluate the feasibility of SBFD operation in SSB symbol.
No matter whether SSB is supported in a SBFD symbol or not, the resource mapping of SSB should not be impacted by DL/UL subband. 
Proposal 14: Further study whether/how to support SSB in a SBFD symbol. 
UL signals/channels and L1 procedure 
PUSCH
For PUSCH transmission, no enhancement for RA type 1 is needed, considering only single UL subband in a SBFD symbol and the granularity of RA type 1 is single PRB. For RA type 0, similar to RA type 0 for DL, the boundary of RBG and DL/UL subband is aligned. Rate matching around DL subband can be considered. However, considering limited use case for RA type 0, i.e., only 'almost contiguous allocation' defined by RAN4 is allowed for RA type 0 in FR1 and RA type 0 in FR2 is not supported, the study for enhancement of RA type 0 can be deprioritized. 
In case of PUSCH with multiple transmission occasions or single transmission occasion with frequency hopping, similar to PDSCH discussion in section 3.4.1, whether same FDRA or separate FDRA determination for each PUSCH for these two cases can be studied, depending on whether all valid PUSCH occasions are confined within same symbol type or not as discussed in section 3.3. For the case of PUSCH occasions in both SBFD and non-SBFD symbols, if same FDRA is applied and if PRBs of a PUSCH overlaps with DL subband, the simplest way is to drop the PUSCH, or perform rate matching around DL subband. If separate FDRA is applied, e.g., separate FDRA determination for 1st and 2nd hop when frequency hopping is configured, the starting PRB for each hop with same or different offset can be derived within UL BWP and UL subband respectively for these two cases. It is noted that, even without frequency hopping, with separate FDRA determination based on UL BWP and UL subband (or equivalently, single FDRA based on UL BWP with or without frequency offset for SBFD and non-SBFD symbols) may artificially cause frequency hopping between different PUSCH transmission occasions, which may impact UL channel estimation, e.g., when the UE is configured with DMRS bundling. When frequency hopping is configured, due to different interpretation according to UL subband or UL BWP, it may be quite complicated at gNB side to allocate a proper starting symbol and frequency offset for hopping to achieve the intended hopping distance for both the case in SBFD symbol and the case in non-SBFD symbol. Furthermore, gNB needs carefully FDRA allocation to avoid non-contiguous PRBs for a UL transmission, e.g., a split of a PUSCH between upper and lower part of a UL subband, or cases wherein the indicated FDRA spans a bandwidth that is larger than that of the UL SB. In summary, for PUSCH transmission, separate interpretation of a FDRA for SBFD and non-SBFD symbol would be more challenge than that for PDSCH reception. 
Furthermore, for PUSCH transmissions with available slot counting, whether/how to enhance for SBFD symbol can be studied. For example, if all PUSCH occasions should be confined within SBFD symbols, a legacy UL slot would be counted as unavailable slot. If PUSCH occasions can be in both SBFD and non-SBFD symbols, the relation between FDRA determination and available slot determination needs further study, e.g., whether first determines frequency resource and then check available slot. 

Proposal 15: For PUSCH transmission with multiple transmission occasions, further study following options:
· Option 1: Single frequency resource allocation with or without rate matching around DL subband for different case, if different transmission occasions associated with the PUSCH can be in SBFD symbols and non-SBFD symbols, or all transmission occasions associated with the PUSCH are restricted to SBFD symbols only or non-SBFD symbols only.
· Option 2: Different frequency resource derived by single FDRA indication for different case, if different reception occasions associated with the PDSCH can be in SBFD symbols and non-SBFD symbols. 
· Further study the impact of ‘artificial’ frequency hopping between different PUSCH transmissions in SBFD and non-SBFD symbols, even when frequency hopping is not configured. 
· Further study the complexity for FDRA determination from gNB side, to avoid unintended consequences, such as non-proper hopping distance, non-contiguous transmission with PRBs split between upper and lower part of the UL subband, etc.
· For both options, further study available slot counting. 


PUCCH
For PUCCH transmission, similar to PUSCH transmission, separate FDRA can be determined for transmissions in SBFD and non-SBFD symbols. One option is to reuse same mechanism as PUSCH, e.g., single FDRA configuration while derive different frequency resources for PUCCHs according to UL subband and UL BWP for SBFD and non-SBFD symbols. Another option is to separately configure two sets of PUCCH resources. Different from scheduled PUSCH or CG PUSCH type 2 which indicates FDRA by UL grant, PUCCH resources for HARQ-ACK for scheduled PDSCH or HARQ-ACK for SPS PDSCH/CSI/SR are all firstly configured by RRC signaling. Separate configuration of PUCCH resources does not incur increased DCI overhead and provides better flexibility than single FDRA configuration with different interpretation. In case of PUCCH with frequency hopping, both first PRB before and after frequency hopping can be separately configured for each set of PUCCH resources. 
For PUCCH with repetition, each PUCCH repetition can use PUCCH resources from corresponding PUCCH resource set, if same number of REs for PUCCH resources from different PUCCH resource set is the same. Otherwise, deferral of PUCCH repetition can be considered. If DMRS bundling is configured, the impact of different PUCCH resources for different PUCCH repetitions in SBFD and non-SBFD symbols needs further study. 
Another aspect of PUCCHs across SBFD and non-SBFD symbols is the impact of UCI multiplexing procedure. For example, how to determine a set of PUCCH resource for PUCCH multiplexing. 
Proposal 16: For PUCCH transmissions with or without frequency hopping for SBFD case and non-SBFD case, further study separate PUCCH resource sets configuration for two cases and impact of UCI multiplexing procedure. 

SRS
For SRS transmission, similar to CSI-RS, separate SRS configuration for SBFD case and non-SBFD case can be considered. For SRS transmission configured with available slot counting, similar to PUSCH with available slot counting or PUCCH with repetition, enhancement for available slot counting can be studied. 
Proposal 17: For SRS transmissions, separate SRS configuration for SBFD and non-SBFD symbols and enhancement for available slot counting can be studied. 
PRACH
PRACH transmission can be contention based or contention free transmission.  Considering similarity for contention based PRACH in RRC connected and idle state, enhancement for contention based PRACH highly depends on the conclusion of whether SBFD is supported for RRC idle/inactive state, which is discussed in section 5.  For contention free PRACH, PRACH transmission in a SBFD symbol can be supported with controllable self-interference and intra-cell CLI by gNB proper scheduling.  Similar to SRS, different parameters can be configured for contention free PRACH for SBFD and non-SBFD symbols. 
Proposal 18: At least for contention free PRACH, separate configuration for SBFD and non-SBFD symbols can be studied. 
UL power control 
For all UL signals/channels, separate UL power control for UL transmission in SBFD and non-SBFD symbols can be supported to accommodate different self-interference as well as CLI in SBFD and non-SBFD symbols. Though existing UL power control already supports multiple sets of open-loop and close-loop parameters, the linkage between different symbol types may still require new mechanism, e.g., how to support different set of power control parameters for CG PUSCHs of one CG PUSCH configuration in SBFD and non-SBFD symbols respectively. 
Proposal 19: Study separate UL power control for UL transmissions in SBFD and non-SBFD symbols.

Beam/spatial relation determination
For all UL signals/channels, separate beam determination for different occasions in SBFD and non-SBFD symbols can be supported to accommodate different CLI in SBFD and non-SBFD symbols, as well as different antenna configuration at gNB side in SBFD and non-SBFD symbols (e.g., half number of antenna panel is used for UL reception in SBFD symbol compared with full UL symbol). 
Proposal 20: Study separate beam/spatial relation for UL transmissions in SBFD and non-SBFD symbols.

Timing issue 
Timing alignment for SBFD operation was discussed in previous meetings, which was formulated in the way that DL/UL timing may be un-aligned due to non-zero  value which leads to inter-slot interference and complicated SIC in SBFD symbol at gNB side. 
One approach to address this issue is to configure  =0, which is already supported from Rel-15 ( value is configurable for both TDD and FDD case). The consequence is the gap for UL-to-DL switching may disappear, thus gNB has to rely on proper scheduling such as no UL signal/channel in last symbol in UL slot or no DL signal/channel in first symbol in DL slot to generate the gap. Such an implementation-based scheme is supported by NR resource allocation, though one symbol overhead for the gap is larger than the gap that may be realized using a non-zero . Another approach is, gNB can indicate a larger  value with non-zero  which can align the symbol boundary for DL and UL with different symbol index so that the gap is also effectively generated with at least one symbol overhead. These approaches do not require additional standardization efforts either, but would always incur larger switching gaps for both DL-to-UL and UL-to-DL.  Yet another direction is to introduce two values of  for SBFD and non-SBFD symbols respectively. With  for SBFD symbol, DL/UL timing is aligned, and with non-zero   for non-SBFD symbol, the gap between legacy UL and DL symbol can be ensured as legacy TDD system. However, two  values may lead to overlaps between UL transmission in a SBFD symbol and next UL transmission in a non-SBFD symbol, etc. 
Furthermore, for a SBFD aware UE, the gap for DL/UL switching is also needed between SBFD symbols, or between DL symbol and SBFD symbol, e.g., if the UE is scheduled for DL in first SBFD symbol and then UL in next SBFD symbol. The gap cannot be generated by any  value. How to ensure such gap and the impact on back-to-back DL and UL signals/channels should be studied, e.g., avoid scheduling any DL/UL signals/channels in the gap or perform drop/puncture/rate matching for one of DL/UL signals/channels. Furthermore, the impact on PUCCH/PUSCH repetitions or TBoMS should also be considered. 
Proposal 21: Study UL timing and handling of back-to-back DL/UL signals/channels without sufficient switching time or overlapped UL transmissions.
UE Collision handling between DL and UL 
In legacy TDD system, a set of rules are defined to handle the collision between DL reception/UL transmission as well as collision between DL reception/UL transmission and UL/DL symbol. For SBFD, collision between DL reception/UL transmission and UL/DL subband should also be considered. Since SBFD operation for RRC idle/inactive mode is still controversial after several meetings, RAN1 can first focus on RRC connected mode to identify the cases. 
One aspect for collision handling is, whether frequency resource collision between channels/signals and subband in different directions are allowed. To avoid any confusion, the subband means valid subband, which is not overridden for dynamic time location change as discussed in section 2. In other words, if a SBFD symbol is dynamically switched to a full DL or UL symbol, the DL/UL subband is invalid, and not considered for the discussion here. 
· Whether frequency resource overlaps between semi-statically configured channel/signal and subband in different directions are allowed
· In general, similar to possible collision between semi-statically configured channel/signal and legacy DL/UL symbol in opposite directions, the resource collision between semi-statically configured channel/signal and subband in opposite directions can be allowed. But whether resource collision still exists after enhancement of resource allocation and L1 procedure as discussed in section 3 needs further discussion. For example, in case of separate configuration for SPS PDSCH in SBFD or non-SBFD symbol, the collision between configured SPS PDSCH resource and UL subband in SBFD symbol may be avoided, while if only single configuration for all symbols is allowed and UE may perform rate matching around the subband, the collision between the configured SPS PDSCH resource (before rate matching) and UL subband in SBFD symbol may happen. 
No matter the resource collision is allowed or not, UE can only transmit within valid UL subband or receive within valid DL subband, e.g., after rate matching or dropping. 
· Besides, for semi-statically configured resource for CLI measurement, e.g., for CLI-RSSI or CLI-RSRP, the CLI resource can be in DL or UL subband and UE may perform measurement for the CLI resources in DL or UL subband as Rel-16. Such case is not considered as collision. 
· Whether frequency resource overlaps between dynamically scheduled channel/signal and subband in different directions are allowed
· Similar to discussion above, whether resource collision is allowed depends on enhancement in section 3. No matter the resource collision is allowed or not, UE can only transmit within valid UL subband or receive within valid DL subband, e.g., after rate matching or dropping.
· Besides, for a dynamic scheduling with repetition or TBoMS or multi-PDSCH/PUSCH scheduling, the occasions other than 1st transmission/reception occasion can be treated similar to semi-statically configured channel/signal case above. 
Another aspect for collision handling is, whether time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE is allowed. In RAN1 #110b-e meeting, RAN1 agreed to first 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, and then, study how to resolve the collision for the allowed case.
· Whether time-overlaps between dynamic DL channel/signals and dynamic UL channel/signals in different directions are allowed
· Similar to legacy TDD, at least time-overlaps can be avoided by proper gNB scheduling for dynamic scheduled DL reception/UL transmission.
· Whether resource collision between semi-statically configured DL channel/signals and semi-statically configured UL channel/signals in different directions are allowed
· For the case of UE-specific configured DL vs. UE-specific configured UL (at least for the case without repetition, or without multi-PDSCH/PUSCH operation), on one hand, time-overlaps can be avoided by proper gNB configuration similar to legacy TDD operation, on the other hand, more flexibility can be achieved by allowing such time-overlaps. 
· Time-overlaps may be allowed for cases requiring additional flexibility, e.g., time-overlaps between different priorities (LP/HP), time-overlaps for channels/signals with or without repetition, time-overlaps between PDCCH and UL channels/signals. 
· If at least one configured DL/UL is cell-specific signal/channel, time-overlaps may be allowed and UE behavior for conflict resolution may be defined.
· SSB vs. UE-specific UL signal/channel
As discussed in section 3.2.1,  RAN1 should carefully evaluate the feasibility of SBFD operation in SSB symbol first (UE to receive SSB and UE to transmit UL can be different UEs), and then, decide whether allow time-overlaps between SSB and UE-specific UL signal/channel for a UE. 
· UE-specific DL signal/channel vs. PRACH
It is noted that UE in RRC connected mode may also transmit PRACH. RAN1 needs to first determine whether PRACH can be transmitted in a SBFD symbol. If any PRACH is not allowed, time-overlaps between configured DL vs PRACH does not exist, otherwise, such time-overlaps can be allowed.   
· SSB vs. PRACH
Due to uncertainty of both SSB reception and PRACH transmission, it is more practical to forbid collision between SSB and PRACH in the same symbol to avoid unpredictable interference.   
· CORESET #0 vs. UE specific UL signal/channel 
In legacy TDD, gNB avoids such time-overlaps by proper configuration, except for PUSCH type-B repetition. Similar restriction can be assumed for SBFD, or relaxed restrictions can be considered. 
· CORESET #0 vs. PRACH 
In legacy TDD, such overlaps are not expected by a UE. If such time conflicts may be allowed in SBFD symbols, careful consideration of UE behavior for collision resolution needs to be considered.  

· Whether time-overlaps between semi-statically configured channel/signal and dynamically scheduled channel/signal in different directions are allowed
· For the case of UE-specific configured DL vs. UE-specific scheduled UL, or UE-specific configured UL vs. UE-specific scheduled DL, such time-overlaps can be supported, and dynamically scheduled channel/signal can be prioritized.
· If configured DL/UL is cell-specific signal/channel, time-overlaps can be allowed, UE behavior for conflict resolution may be defined. 
Proposal 22: For frequency domain confliction of channels/signals and valid subband (not overridden for dynamic time location of subband) in different directions, whether resource collision is allowed depends on detailed enhancement of resource allocation and L1 procedure in section 3. 
· Irrespective of whether resource collision is allowed or not, UE may only transmit within valid UL subband or receive within valid DL subband.
Proposal 23: For time domain confliction of DL/UL channels/signals 
· Do not support time domain confliction of dynamic DL channel/signals and dynamic UL channel/signals in different directions in the same SBFD symbol for SBFD-aware UE.
· The following cases may be considered as valid case with time domain confliction of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE
· semi-statically configured DL channel/signals and semi-statically configured UL channel/ signals in different directions,
· if at least one configured DL/UL is cell-specific signal/channel
· if at least one configured DL/UL is with repetition or multi-PDSCH/PUSCH repetition
· if configured DL is PDCCH 
· if DL and UL is with different priorities (LP and HP)
· semi-statically configured channel/signal and dynamically scheduled channel/signal signals in different directions
RRC idle/inactive mode
SBFD operation in RRC idle/inactive mode, e.g., for initial access, was discussed in RAN1 meetings without consensus. On one hand, the latency and capacity for initial access can be improved if initial access in UL subband can be supported. On the other hand, inter-subband interference avoidance would be more challenging for Msg 1 PRACH/PUSCH than other UL channels, considering uncertainty of PRACH transmission thus it would be more difficult to avoid intra-cell UE-to-UE inter-subband interference by proper scheduling. However, with proper beam coordination and power setting, the interference may be manageable, which can be further studied.  Furthermore, PUSCHs or PUCCH during initial access in UL subband is still beneficial, e.g., Msg 3 PUSCH repetition in UL subbands in SBFD symbols, towards reducing control plane latency. Therefore, it is desirable to further study SBFD in RRC idle/inactive mode. 
Proposal 24: Study SBFD operation for RRC idle/inactive mode. 
· Study Msg 1 PRACH/PUSCH in UL subband with consideration of challenge for UE-to-UE CLI handling caused by uncertainty of UE transmitting Msg 1 PRACH/PUSCH. 
· Study PUSCH/PUCCH in UL subband scheduled by gNB, e.g., Msg 3 PUSCH and PUCCH for Msg 4 PDSCH. 
[bookmark: _Ref52481833]Interference management for SBFD
For deployment with gNB operating SBFD, both inter-gNB and inter-UE CLI can occur, including intra-subband CLI and inter-subband CLI. Intra-subband CLI comes from inter-cell interference, which also appears in dynamic TDD system. Inter-subband CLI may happen among UEs from same serving cell, or among UEs from neighbouring serving cell, or among neighbouring gNBs.  
As per earlier decision on segregation of agenda items, interference handling commonly applied to SBFD and dynamic TDD (including L1/L2 enhancement for CLI) is discussed in our companion contribution [3], and this paper focuses on SBFD specific mechanism. It is noted that advanced Tx/Rx subband filtering is also one efficient way for inter-subband CLI handling for SBFD, further discussion can be perused after getting feedback from RAN4.    

For inter-subband CLI measurement, energy detection would be more feasible than sequence detection, considering the measurements would be on frequency resources that are not same as those used for actual signal transmission. Therefore, RAN1 could focus on CLI-RSSI like measurements by SBFD-aware UEs in DL subbands (Method #1 in RAN1 112 agreement). One FFS point is SINR in DL subband. If ‘S’ is the signal strength of desired DL transmitted by serving gNB, UE may derive SINR based on RS transmitted by serving gNB in DL subbands and configured resource for interference from other gNB/UEs including CLI in DL subbands. 

In addition to CLI-RSSI, RS-RSRP measurements in UL subband (Method #2 in RAN1 112 agreement) may be used to estimate the level of coupling between two UEs (a potential aggressor UE and potential victim UE) and decide on whether certain cross-links may be co-scheduled at a given time and/or minimum separation in frequency if scheduled in SBFD symbols. However, not only would such an approach lead to increased UE complexity for a measuring UE, this would lead to typically more conservative estimates than reality since it would not capture the true nature of leakage interference for inter-subband interference with non-overlapping SBFD operation.  In this regard, with an RSSI type metric, further addition of RS-RSRP type metric may not be necessary. 

Proposal 25: For inter-UE inter-subband CLI measurement, the study should focus on CLI-RSSI measurements within DL subband. 
For UE-to-UE inter-subband CLI measurement, considering interference varies with distance between DL and UL resources, the mechanism to enable separate measurement for different PRBs in a subband would be desirable. As shown in Figure 4-1, gNB may configure two CLI measurement resources within a DL subband for a UE. The UE may observe larger interference in CLI measurement resource 1 and smaller interference in CLI measurement resource 2, thus gNB may schedule UE in frequency region of CLI measurement resource 2. It is noted that existing configuration for L3 CLI-RSSI measurement resource already supports multiple resources in different frequency regions, which can be directly reused. On the other hand, considering interference would be similar for DL resources in different DL subbands with same distance between DL and UL resources, the mechanism to enable single measurement for different PRBs in the different DL subband would be desirable. As shown in Figure 4-2, gNB may configure single CLI measurement resource in two DL subbands for a UE. The single CLI measurement resource consists of two blocks of PRBs in two DL subbands, which may suffer similar inter-subband interference. Currently, only contiguous PRBs can be configured for a CLI measurement resource. Enhancement of configuration for non-contiguous PRBs for a CLI measurement resource can be studied. 
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	Figure 4-1 Two CLI measurement resources in a DL subband

	Figure 4-2 Single CLI measurement resource in two DL subbands


Proposal 26: Study single CLI resource configuration/determination over non-contiguous DL subbands.
Other mechanisms to support SBFD operation 
BWP-based SBFD 
Legacy TDD UL/DL configuration signalling structure can be reused with enhancement to support separate configuration for each configured BWP (existing specification does not support different TDD configuration for different BWPs). In this scheme, UE only observes one direction (either UL or DL) within a BWP. To support operation in different subbands, BWP switching applies. Since there is only one direction in a symbol within a BWP, UE can work properly based on existing specification without new UE behaviour to resolve the collision between UL/DL signal and DL/UL subband, and no need of SFI to avoid such collision. 
However, if the BWP switching delay is non-negligible, e.g., 1 slot as legacy BWP switching, the spectrum efficiency would barely improve or even worse than legacy TDD or transparent SBFD. Besides, due to BWP switching, SPS PDSCH/type-2 CG PUSCH of previous BWP is released and SPS PDSCH/type-2 CG PUSCH in the new active BWP is usable only after new activation DCI is received, which increases DL control overhead and latency. And BWP switching leads to HARQ-ACK dropping for PDSCHs in previous BWP, which degrades DL performance. Furthermore, repetition transmission across different BWPs are not supported yet, thus coverage gain may not be fully achieved (e.g., only up to 3 repetitions though 4 slots provide UL resource). 
It is noted that, BWP-based SBFD may not work for a UE incapable of multiple BWPs, because supporting multiple BWPs is an optional UE feature. 
Considering still several aspects to be studied for single-carrier based SBFD operation which leaves limited time for any enhancement for BWP to enable efficient SBFD operation based on BWP, it is suggested to not further consider BWP-based SBFD in Rel-18 SI phase. 
CA-based SBFD 
Legacy TDD UL/DL configuration signalling structure can be reused with enhancement to support different configuration for each CC within the same band to realize DL and UL subband in adjacent component carriers, i.e., intra-band CA. It seems standard effort is marginal. 
However, for intra-band CA case, UE still cannot simultaneously transmit and receive in different carriers. To resolve the direction collision between different carriers, existing mechanism for Rel-16 half duplex TDD CA UE for inter-band CA may not work properly, because the rule to determine a reference cell and the prioritization between reference cell and other cells when collision happens may not be sufficient for SBFD operation. Moreover, CA based SBFD operation suffers retransmission restriction in the same carrier and repetition transmission across carriers is not supported, thus coverage gain of SBFD may not be fully achieved. 
It is noted that, CA-based SBFD may not work for a UE only capable of single cell operation, because CA is an optional UE feature. 
Considering still several aspects to be studied for single-carrier based SBFD operation which leaves limited time for any enhancement for CA operation to enable efficient SBFD operation based on CA, it is suggested to not further consider CA-based SBFD in Rel-18 SI phase. 
Proposal 27: BWP-based SBFD or CA-based SBFD are not considered further in Rel-18 SI phase.  
Conclusions
In this contribution, we presented our views on potential enhancements on subband non-overlapped full duplex. Further, we summarize the observations and proposals as follows:
Observation 1: Dynamic SBFD can improve overall performance, comparing with semi-static SBFD or dynamic TDD, with more flexible DL/UL resource adaptation in response to variable DL/UL traffic. 
Observation 2: Comparing with semi-static SBFD, dynamic SBFD suffers intra-subband CLI, which may require inter-cell interference coordination. 
Observation 3: Comparing with semi-static SBFD, dynamic SBFD may require UL RF filter adaptation, if a semi-static full DL/UL/Flexible symbol can dynamically switch to a SBFD symbol or a semi-static SBFD symbol can dynamically switch to a full UL symbol, but the complexity and switching delay can be specific to gNB implementation and entirely under gNB control since the timeline for such switching is up to gNB implementation.
Observation 4: Dynamic time location switch for subband can be achieved by both explicit and implicit indication. 
· Explicit indication using dedicated signaling for symbol type indication can enable proper operation for both dynamic and configured channel/signal, but there would be confusion if the DCI for dynamic switch indication is miss-detected by UE. 
· Explicit indication for symbol type indication in DL assignment or UL grant can enable proper operation for dynamic channel/signal but may not support operation for configured channel/signal.
· Implicit indication based on FDRA in DL assignment or UL grant can enable proper operation for dynamic channel/signal but it may lead to confusion on the actual allocated for some cases, and it may not support operation for configured channel/signal.
Observation 5: Flexible subband which can be used either for UL transmission or DL transmission can be achieved by dynamic switch between a semi-static DL/UL subband and temporal UL/DL subband in case of dynamic switch between full UL/DL and SBFD symbol. 
Observation 6: Symbol-level SBFD configuration achieves better flexibility than slot-level SBFD configuration and it is better compatible with legacy TDD DL/UL configuration and NR slot formats. The complexity to support symbol-level SBFD configuration is similar to slot-level SBFD configuration as long as a single UL transmission/DL reception is within symbols with single symbol type (SBFD or non-SBFD symbols).

Proposal 1: Support dynamic SBFD configuration with dynamic time location + semi-static frequency location. 
· For SBFD operation in a symbol configured as DL in TDD-UL-DL-ConfigCommon, if dynamic SBFD configuration is supported, at least Case A (option 2 in RAN1 112 agreement) is supported.  
· Case A: A semi-static SBFD symbol in legacy DL symbol dynamically switches to a full DL symbol. Therefore, DL receptions within & outside semi-static DL subband(s) are allowed in the symbol.
· For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, if dynamic SBFD configuration is supported, at least Case A and Case C (option 3 in RAN1 112 agreement) is supported. 
· Case A: A semi-static SBFD symbol in legacy flexible symbol dynamically switches to a full DL symbol. Therefore, DL receptions within & outside semi-static DL subband(s) are allowed in the symbol. 
· Case C: A semi-static SBFD symbol in legacy flexible symbol dynamically switches to a full UL symbol. Therefore, UL transmission within & outside semi-static UL subband(s) are allowed in the symbol. 

Proposal 2: Further study case B and case E for dynamic SBFD configuration. 
· Case B: A semi-static full DL symbol dynamically switches to a SBFD symbol
· Case E: A semi-static flexible symbol dynamically switches to a SBFD symbol

Proposal 3: Further study methods for explicit indication and implicit indication for dynamic scheduling. Mechanism(s) to avoid miss-aligned resource allocation caused by miss-detection of the indication should be considered.  
Proposal 4: Do not introduce new subband type of ‘flexible subband’ for SBFD operation.  
Proposal 5: Study methods for explicit/implicit indication of guard bands between DL and UL subbands to a UE and related UE behaviour. 
Proposal 6: Support a slot consisting of both SBFD and non-SBFD symbols.
Proposal 7: A slot can consist of both SBFD and non-SBFD symbol, but UE does not expect to transmit a PUSCH/PUCCH/SRS in one occasion or receive a PDSCH/PDCCH/CSI-RS in one occasion overlapping with both SBFD and non-SBFD symbols.  
· For scheduled transmission/reception without repetition, UE does not expect to be scheduled with transmission/reception of a PUSCH/PUCCH/PRACH/PDSCH/SRS/CSI-RS that may be mapped to both SBFD and non-SBFD symbols. 
· For configured transmission/reception or scheduled transmission/reception with repetition/multi-slot scheduling/TBoMS, the resource for a PDSCH/PUSCH/PUCCH/PDCCH/CSI-RS/SRS can map to both SBFD and non-SBFD symbols. UE drops or postpones the transmission/reception, if the transmission/reception occasion map to both SBFD and non-SBFD symbols. 
Proposal 8: For UL transmissions and DL receptions associated with multiple occasions which are across SBFD symbols and non-SBFD symbols (each transmission/reception occasion has either all SBFD or all non-SBFD symbols), further study following options with consideration of achievable coverage/latency gain, scheduling flexibility, signaling overhead, gNB/UE implementation complexity and standardization effort:
· Option 1: All transmission/reception occasions associated with a signal/channel are restricted to SBFD symbols only or non-SBFD symbols only 
· FFS how to determine a symbol type (SBFD or non-SBFD) for the signal/channel
· FFS how to determine valid occasions of the signal/channel for the determined symbol type 
· Option 2: Different transmission/reception occasions associated with a signal/channel can be in SBFD symbols and non-SBFD symbols
· FFS whether/how to support different parameters for different occasions for the signal/channel for SBFD and non-SBFD symbols 
· Different option may be applied for different signal/channel
Proposal 9: For PDSCH reception in SBFD symbols, 
· Support an allocated RBG overlapping the subband boundary for RA type 0. 
· Support an allocated RB overlapping with UL subband for RA type 1. 
· For both RA type 0 and type 1, rate matching around UL subband can be applied. 
· For a PRG, same precoding is assumed for PRBs of the PRG which are within the DL subbands. 
· 2 clusters of PRBs in two non-contiguous DL subbands wherein each cluster consists of contiguous PRBs can be considered, when wideband precoder is configured.   
Proposal 10: For PDSCH reception with multiple reception occasions, further study following options:
· Option 1: Single frequency resource allocation with rate matching around UL subband for SBFD and non-SBFD case, if different reception occasions associated with the PDSCH can be in SBFD symbols and non-SBFD symbols, or all valid reception occasions associated with the PDSCH are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: Different frequency resource derived by single FDRA indication according to DL BWP and DL subband for SBFD and non-SBFD case, if different reception occasions associated with the PDSCH can be in SBFD symbols and non-SBFD symbols. 
Proposal 11: For CSI-RS configuration and reception, 
· Separate CSI-RS resource is configured for SBFD and non-SBFD. 
· Only occasions of the CSI-RS in symbols with same type (SBFD or non-SBFD) as configured for the CSI-RS resource are valid occasions. 
· For a CSI-RS resource configured for SBFD,  
· CSI-RS frequency resource is configured contiguously as existing way. In a valid occasion, UE receives CSI-RS in the configured PRBs excluding PRBs outside DL subbands (i.e., option 2-2 in RAN1 112 agreement). 
Proposal 12: For CSI reporting, 
· CSI reporting for SBFD and non-SBFD symbols is separately configured. Separate CSI-RS resources are configured for separate CSI reporting with same type as that configured for CSI reporting.  
· For CSI subband reporting
· For CSI reporting in non-SBFD symbol, legacy mechanism is applied. 
· For CSI reporting in SBFD symbol, following options can be considered, 
· CSI subband is configured based on existing mechanism, UE derives CSI report for the CSI subband based on CSI-RS resource within DL subband. 
· New CSI subband configuration with configurable starting and ending PRBs for each CSI subband is introduced to align CSI subband boundary with DL/UL subband boundary, UE derives CSI report for the CSI subband based on CSI-RS resource within the CSI subband. 
· FFS enhancement for reference CSI resource.  
Proposal 13: Enhancement for PDCCH monitoring in CORESET overlapping with UL subband without change of REG/CCE structure can be considered. 
· UE drops a PDCCH candidate if the PDCCH candidate overlaps with UL subband. 
Proposal 14: Further study whether/how to support SSB in a SBFD symbol.
Proposal 15: For PUSCH transmission with multiple transmission occasions, further study following options:
· Option 1: Single frequency resource allocation with or without rate matching around DL subband for different case, if different transmission occasions associated with the PUSCH can be in SBFD symbols and non-SBFD symbols, or all transmission occasions associated with the PUSCH are restricted to SBFD symbols only or non-SBFD symbols only.
· Option 2: Different frequency resource derived by single FDRA indication for different case, if different reception occasions associated with the PDSCH can be in SBFD symbols and non-SBFD symbols. 
· Further study the impact of ‘artificial’ frequency hopping between different PUSCH transmissions in SBFD and non-SBFD symbols, even when frequency hopping is not configured. 
· Further study the complexity for FDRA determination from gNB side, to avoid unintended consequences, such as non-proper hopping distance, non-contiguous transmission with PRBs split between upper and lower part of the UL subband, etc.
· For both options, further study available slot counting. 
Proposal 16: For PUCCH transmissions with or without frequency hopping for SBFD case and non-SBFD case, further study separate PUCCH resource sets configuration for two cases and impact of UCI multiplexing procedure. 
Proposal 17: For SRS transmissions, separate SRS configuration for SBFD and non-SBFD symbols and enhancement for available slot counting can be studied. 
Proposal 18: At least for contention free PRACH, separate configuration for SBFD and non-SBFD symbols can be studied. 
Proposal 19: Study separate UL power control for UL transmissions in SBFD and non-SBFD symbols.
Proposal 20: Study separate beam/spatial relation for UL transmissions in SBFD and non-SBFD symbols.
Proposal 21: Study UL timing and handling of back-to-back DL/UL signals/channels without sufficient switching time or overlapped UL transmissions.
Proposal 22: For frequency domain confliction of channels/signals and valid subband (not overridden for dynamic time location of subband) in different directions, whether resource collision is allowed depends on detailed enhancement of resource allocation and L1 procedure in section 3. 
· Irrespective of whether resource collision is allowed or not, UE may only transmit within valid UL subband or receive within valid DL subband.
Proposal 23: For time domain confliction of DL/UL channels/signals 
· Do not support time domain confliction of dynamic DL channel/signals and dynamic UL channel/signals in different directions in the same SBFD symbol for SBFD-aware UE.
· The following cases may be considered as valid case with time domain confliction of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE
· semi-statically configured DL channel/signals and semi-statically configured UL channel/ signals in different directions,
· if at least one configured DL/UL is cell-specific signal/channel
· if at least one configured DL/UL is with repetition or multi-PDSCH/PUSCH repetition
· if configured DL is PDCCH 
· if DL and UL is with different priorities (LP and HP)
· semi-statically configured channel/signal and dynamically scheduled channel/signal signals in different directions

Proposal 24: Study SBFD operation for RRC idle/inactive mode. 
· Study Msg 1 PRACH/PUSCH in UL subband with consideration of challenge for UE-to-UE CLI handling caused by uncertainty of UE transmitting Msg 1 PRACH/PUSCH. 
· Study PUSCH/PUCCH in UL subband scheduled by gNB, e.g., Msg 3 PUSCH and PUCCH for Msg 4 PDSCH. 
Proposal 25: For inter-UE inter-subband CLI measurement, the study should focus on CLI-RSSI measurements within DL subband. 
Proposal 26: Study single CLI resource configuration/determination over non-contiguous DL subbands.

Proposal 27: BWP-based SBFD or CA-based SBFD are not considered further in Rel-18 SI phase.  
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