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In RAN plenary #102, the work item on evolution of NR duplex operation, Sub-band full duplex (SBFD), was approved [1]. The objective of the work item is to specify SBFD operation at the gNB side within a TDD carrier. The main objectives of this work item from RAN1 perspectives are to specify the indication of the time and frequency locations of the SBFD subbands to the UE and specifying UE transmission, reception and measurement procedures in SBFD and non-SBFD symbols. 

	The objectives are as follows:
· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· 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
· Specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode [RAN1, RAN2]
· Study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [RAN1, RAN2]
· RAN#104 to check whether to proceed normative work
· [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
· Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators




In this contribution, we discuss our views on  SBFD-operation schemes for SBFD transmission, reception and measurements procedures. 
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]Indication of SBFD time and frequency locations 
The focus of this section is on the semi-static indications of the SBFD subbands time and frequency locations for SBFD-aware UEs in RRC-connected state. Based on UE capability signalling of the SBFD-awareness, gNB will indicate to the SBFD-aware UE the time and frequency location of the UL/DL subbands based on semi-static signalling. The following sections discuss a high-level signalling method for semi-static of the SBFD subbands locations. 
Semi-Static indication of frequency location of SBFD subbands 
Based on the conclusion in Rel-18 study on SBFD, the SBFD symbol have only one UL subband that can be located at either side of the carrier or middle part of the carrier. The location of the UL subband will depends on the SBFD carrier location within the NR band and the number of adjacent carriers as shown in Figure 2‑1. For example, when the SBFD carrier had two adjacent carriers, the UL subband is located in the middle of the carrier to reduce the impact of inter-gNB interference by maximizing the frequency separation between the DL interferer to the UL SB.  This will result into three different DL/UL subbands patterns in the SBFD symbols as UD, DUD and DU.
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[bookmark: _Ref158821105]Figure 2‑1: UL/DL subbands locations in a TDD component carrier
Two design options were listed for the semi-static configuration of subband frequency locations for SBFD operation. In our views, option-1 is more reasonable as it explicitly indicates to the UE the frequency locations of the DL and UL subbands and the guardband, if any, can be implicitly determined by the UE. 
	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).



Regarding the definition of a subband, it is sufficient to describe as a set of consecutive RBs for the same transmission direction and further discuss if any RAN1/4 restrictions are needed on the size of subband, e.g. minimum/maximum size of the subband or whether size of subband should match existing channel BW. Similar to the indication of the UE BWP frequency location, a RIV based approach can be used to indicate the location of a subband inside the common resource block grid. RAN1 to discuss details on assumption of maximum subband size for RIV interpretation and the SCS for the determination of start RB of the subband. 
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Figure 2‑2 SBFD UL/DL subband frequency indications

Proposal 1: For semi-static indication of frequency domain location of SBFD subbands, support the following:
· Explicit configuration of the frequency locations of the uplink subband and DL subband(s). Guardband(s), if any, are implicitly determined by the UE.
· RIV-based of the frequency locations of the subband, within the common resource grid. 
· FFS: details on the maximum SB size for RIV interpretation and SCS for start-RB determination. 
· A subband is a set of set of consecutive RBs for the same transmission direction. 
· FFS: RAN1/4 restrictions on the size of the subband sizes, if any.
Semi-Static indication of time location of SBFD subbands 
For semi-static configuration of subband time locations for SBFD operation, it is concluded in Rel-18 study that explicit configuration of SBFD subband time locations within a period is the baseline. As SBFD symbols are configured in either downlink or flexible symbols, it makes sense that the periodicity of the SBFD symbols is configured with respect to the periodicity of the TDD pattern(s) with one semi-static SBFD pattern applied per each TDD pattern, Figure 2‑3. Within that period, the time locations of the SBFD symbols could be configured within a window of consecutive SBFD symbols to reduce the frequent switching between SBFD and non-SBFD symbols. The SBFD time resources should be indicated at granularity of symbols level to accommodate SBFD configuration at the DL symbols within the special slot. Based on the conclusion of Rel-18 study, the maximum number of transitions between SBFD to non-SBFD symbols in a TDD pattern should be limited to two transitions avoid the increase the implementation complexity and interruptions of transmissions/receptions during transition
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[bookmark: _Ref158830474]Figure 2‑3: Configuration of SBFD symbols location per TDD-UL-DL pattern

Proposal 2: For semi-static indication of time domain location of SBFD symbols, support the following:
· SBFD symbol’s locations are indicated per each TDD-UL-DL patterns, where the SBFD periodicity is determined based on the TDD-pattern(s) periodicity. 
· SBFD pattern is configured by a window of consecutive SBFD symbols with symbol-level granularity. 
· A slot may consist of both SBFD and non-SBFD symbols. 
· Within the TDD UL-DL pattern, maximum of two transition points including one transition point from non-SBFD symbols to SBFD symbols and one transition point from SBFD symbols to non-SBFD symbols. 

As the SBFD-aware UE is half duplex, it may frequently switch between DL and UL mode during SBFD slots and/or the SBFD pattern. RAN1 should discuss some limitation on the maximum number of DL/UL switching at UE side which may affect UE peak throughput. 
Proposal 3: RAN1 should discuss some limitation on maximum number of DL/UL switching for the SBFD-aware UE within the SBFD time pattern. 
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SBFD-aware UE transmission and reception behaviors on SBFD subbands
SBFD symbols can be configured in DL and/or FL symbols indicated by TDD-UL-DL-ConfigCommon. During Rel-18 study item, the UE behavior in both symbol types was discussed and concluded [2].  The work item objectives explicitly defined the UE behavior as UL transmission within UL subband only and DL reception within DL subband only.  
	· 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



The SBFD-aware UE behavior should be based on baseline assumptions as discussed in Rel-18 and as captured in the WID. In the SBFD symbols configured in DL and/or flexible symbols, the UE receives DL signals/channels only at the DL subband(s) frequency resources within its active downlink BWP and UE transmits uplink signals/channels at the UL subband(s) resources within its active uplink BWP. For CLI measurements, the UE can perform CLI measurements within the UE active DL BWP. This means UE can perform CLI measurements within the DL subband, UL subband or even the guardband as long as the CLI measurements are within the DL BWP of the UE.  The SBFD-aware transmission, reception and CLI measurements behavior is the same for SBFD symbols configured in either DL or flexible symbols. 
Assuming the UL/DL SBFD are configured within the CRB grid of the serving cell, the UE transmission and reception behavior above should be within the UE’s active UL and DL BWP.  In SBFD symbols, depending on the locations of UL/DL BWPs and UL/DL subbands, the available resources for DL and UL are based on the overlapped frequency resources between UL/DL subbands and the UE active UL/DL BWP. In some cases, as shown in the example below, the UL-SB (or DL-SB) may not be overlapping with UL-BWP (DL-BWP) in SBFD symbols, then UE can’t transmit (or receive) in these slots (or vice versa).
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Figure 3‑1 Examples of SBFD-aware UE transmission and receptions in UL/DL subband within active DL/UL BWP
Proposal 4: For SBFD-aware UE transmission, reception and CLI measurement in the SBFD symbols configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon, support the following:
· SBFD-aware UE receives DL signals/channels only at the DL subband(s) frequency resources within its active downlink BWP.
· SBFD-aware UE transmits uplink signals/channels at the UL subband(s) resources within its active uplink BWP.
· SBFD-aware UE does not transmit UL channels/signals or receive DL channels/signals within the guardband(s)
· SBFD-aware can perform CLI measurements in DL-subband, UL subband and/or guardband within the UE DL BWP.

The SBFD-aware UE is half duplex UE which can either transmit or receive within the SBFD symbols. Then, the UE should treat the SBFD symbol as flexible symbol and rely on gNB scheduling, whether dynamic or semi-static, to determine whether to transmit or receive in the SBFD symbols. Next section will discuss the scenarios where there is time-domain collision between conflicting uplink and downlink directions.   For SBFD symbol configured in ‘flexible’ symbol, further discussion is needed to decide whether SFI can be applicable to these SBFD flexible symbols and also whether UE can be configured with dedicated TDD-UL-DL pattern. 
Proposal 5: SBFD-aware UE treats SBFD symbols as flexible symbols where transmission or reception is determined based on gNB scheduling.
· FFS: Whether SFI and/or dedicated TDD-UL-DL pattern apply to SBFD symbols configured in flexible symbols by TDD-UL-DL-ConfigCommon.

Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol
In this section, we discuss time domain collision between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol. This collision will happen either because there is at least UL transmission and DL reception are overlapping in at least one OFDM symbol or even due to the lack of sufficient timeline to switch from reception to transmission as shown in  Figure 3‑2
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[bookmark: _Ref158888877]Figure 3‑2:Time domain collision in SBFD symbols.
Observation 1: Collision in SBFD symbols occurs due to the overlapping between UL transmission and DL reception at least one SBFD symbol or due to the lack of sufficient timeline for UE to switch from DL reception to UL transmission.
In general, for each of the uplink transmission and downlink reception can be categorized as semi-static scheduling or dynamic scheduling. The following table summarizes the different scenarios of possible collisions between UL and DL in SBFD symbols and possible handling based on current principles in 3GPP specification. 
Whenever there is a collision between dynamically scheduling signal/channel in one subband versus semi-static signal/channel in other subband, signal/channel scheduled by the DCI should have higher priority and other signal/channel is cancelled, if there is sufficient timeline. In addition, UE shouldn’t expect to have collision between UL and DL scheduling by DCI in SBFD symbols. This should be avoided by gNB scheduling, otherwise considered as an error case. For the case of semi-static DL versus semi-static UL, the UE doesn’t expect to be configured by higher layer for both uplink transmission and downlink reception in flexible symbol. If this rule is to be relaxed in SBFD symbols, then new rules for handling may be needed to handle such collision. Lastly for SSB in SBFD symbols, it was agreed in Rel-18 study that UL subband can be configured in SSB symbols and RAN1 should further discuss whether UL transmission is allowed in the SSB symbols. It is preferred that all serving cell SSB to be protected and no uplink transmission is allowed in the SSB symbols. In addition, SSB is used by the UE for different tracking and RRM measurements and shouldn’t be interrupted. Also, same specifications rules with regards to SSB and RO should apply, where they shouldn’t be overlapping in time resources and at least there is Ng symbols between the SSB and valid RO. 
	
	Downlink Reception

	
	Semi-static DL
(PDCCH, PDSCH, CSI-RS)
	Dynamic DL
(PDSCH, CSI-RS)
	SSB

	Uplink Transmission
	Semi-static UL 
(SRS, PUCCH, PUSCH, PRACH)
	New rules, if allowed
	Cancel UL within cancellation timeline
	SSB*

	
	Dynamic UL 
(SRS, PUCCH, PUSCH, PRACH)
	Cancel DL
	Not expected
(error case)
	SSB*


*  Same legacy rules for SBFD-UE UE with respect SSB and ROs
Proposal 6: For collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol, support the following:
· No uplink transmission in SSB symbols 
· Leverage 3GPP design rules for handling the collision between semi-static UL/DL versus Dynamic DL/UL.
· UE doesn’t expect to be dynamically scheduled of UL transmission and DL reception. 
· RAN1 to further discuss whether to relax the restrictions of simultaneous configuration by higher-layer of uplink transmission and downlink reception in SBFD symbols. 

Enhancement to Resource allocation in frequency domain in SBFD symbols
The presence of the UL subband in the middle of the component carrier leads to non-contiguous DL frequency allocations across the two downlink subbands. In addition, the location of the downlink subband(s) may not be aligned with the scheduling resources (e.g. RBG or PRG) or the CSI reporting subband(s). Both issues were discussed during Rel-18 study item and RAN1 made some conclusions
CSI-RS across two DL subbands in SBFD symbols
[bookmark: _Ref158907247]Frequency resource allocation 
Two design options were considered. The first one is to configure two CSI-RS resources (each has contiguous frequency resources per each DL subband) and the two resources are linked such that in the CSI report is computed both on both CSI-RS across the two DL subbands. The other option is to define a non-contiguous CSI-RS by excluding the frequency resources of the UL subband and guardband (if configured). The exclusion could be either implicit based on knowledge of the DL subband frequency resources or explicit by gNB configuration of the CSI-RS frequency resources. The two options are explained in Figure 3‑3. 


[bookmark: _Ref127524172][bookmark: _Ref111190061][bookmark: _Ref127520580]Figure 3‑3: CSI-RS configurations in DL subbands

	Frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs are studied 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) 
For all the options, there is no impact on CSI-RS sequence generation. Option 1 requires additional signalling to link two CSI-RS resources in two DL subbands. Option 2-1 requires new RRC structure to configure non-contiguous RBs for one CSI-RS resource, which may require additional signalling overhead. Option 2-2 can reuse the existing signalling design for CSI-RS resource configuration. Option 2-2 can be used to resolve the potential unaligned boundaries between CSI-RS resource configuration and SBFD subbands. Further discussion is required on the UE complexity due to UE capability of maximum number of configured CSI-RS resources and/or processing non-contiguous CSI-RS.



In either option, the CSI computation complexity is increased as the UE needs to double the complexity of CSI processing to estimate the DL channel per each subband. This may have some impact on CSI processing latency. However, comparing both options, option 2 is preferred as option 1 requires extra CSI-RS configurations and this may limit UE capability of maximum number of configured CSI-RS resources. Between option 2-1 and option 2-2, option 2-2 is preferred as the same CSI-RS can be used for non-SBFD symbol (i.e. DL symbol) without extra overhead. 
Proposal 7: For CSI-RS resource configuration in SBFD symbol, support option 2-2 based on one contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s).
· RAN1 to revisit CSI processing timeline in SBFD symbols due to UE complexity increases to process the CSI-RS across the two DL subbands which may increase.

In current specification the CSI-RS resource frequency resources is configured with a minimum of 24RBs and granularity of 4 RBs. In SBFD symbols, the DL subbands may not aligned to the CSI-RS 4RB frequency grid as shown by example in Figure 3‑4 which may lead to partial 4RBs at the DL subband edges. Similar issue exists as the DL BWP and CSI-RS frequency resources don’t need to be aligned with the CSI-RS 4RB grid. For example, when the configured CSI-RS number of PRBs value is larger than the width of the BWP, the UE assumes that the actual CSI-RS bandwidth is equal to the width of the BWP. 


[bookmark: _Ref127512453]Figure 3‑4: CSI-RS frequency resource granularity in SBFD symbols
One solution is to drop only the PRBs of the CSI-RS frequency resource outside the DL subband within the edge 4RBs CSI-RS when they are misaligned with the inner edge of the DL subband.  Another solution is to drop the whole 4RBs CSI-RS resource group that overlaps outside the DL subband(s). Alternatively, the configuration of the CSI-RS frequency resources may be enhanced by finer granularity of RBs (e.g., 1 or 2RBs). The issue was discussed and concluded during the Rel-18 study where the UE considers CSI-RS are valid only for the CLI-RS resources within the DL subband(s). 
	For semi-static SBFD, for a CSI-RS resource which overlaps with SBFD subband boundaries, it is agreed that only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE. 



Proposal 8: When a CSI-RS resource and DL subband are misaligned relative to 4RB grid of the CSI-RS, the UE considers the PRB(s) within the DL subband(s) are valid and remaining PRBs of CSI-RS resource outside the DL subband(s) are dropped.
CSI subband reporting 
For CSI subband reporting, the UE is configured by higher layer with a subband size. The size of the subband is defined as  contiguous PRBs that depend on the total number of PRBs in the downlink bandwidth part. The subband size is designed as an integer number of PRG (2 or 4 RBs) as well as an integer number of the RBG to avoid misalignment. However, as the downlink subband(s) may not fully align with the CSI subband grid at the boundaries between DL-SB and guardband or UL subband, there could be partial CSI subbands at the edges of the downlink subband. In that scenario especially when the subband size is large, it may be beneficial for the UE to measure CSI in partial CSI subband. 
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Figure 3‑5 Partial CSI subband
This issue was discussed during the study item and RAN1 concluded that when a CSI reporting subband overlaps with SBFD subband boundaries, the CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s) for SBFD-aware UE.
	For semi-static SBFD, for a CSI reporting subband which overlaps with SBFD subband boundaries, it is agreed that CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s) for SBFD-aware UE.



Proposal 9: Support partial CSI report subband(s) that overlaps with SBFD subband boundaries that contains at least 1 PRB of CSI-RS. 
· FFS: CSI subband(s) outside the DL subband(s) when one report used for SBFD and non-SBFD.

PDSCH across two DL subbands in SBFD symbols
Frequency resource allocation
Type-0 frequency resource allocation
Type 0 resource allocation enables flexible scheduling of PDSCH across the two non-contiguous DL subbands, where bits corresponding to the RBGs of UL-SB and the guardband should be indicated as zeros. However, there could be some inflexibility in scheduling granularity especially for large BWP when the DL subbands are not aligned with RBG grid. In current specification, the first and last RBG within the UE DL BWP could be partial, depending on starting RB of the BWP, BWP size and CRB grid, while the rest of the RBGs have the same size is given by parameter P, the nominal RBG size as defined 5.1.2.2.1 of TS 38.214. For BWP sizes larger than 145 RBs, the RBG size is 16 RBs. In some scenarios, where DL subband is not aligned with RBG boundaries as shown in Figure 3‑6, then these two partial RBGs can’t be utilized, and this could result into lower resource utilization. One solution is to extend the current NR designs of partial RBG at the BWP boundaries to enable partial RBGs at the DL subband boundaries as well. 


[bookmark: _Ref134531558]Figure 3‑6 Partial RBG at boundary of the DL subband
RAN1 studies this issue during Rel-18 study item and concluded that partial RBG is beneficial to improve resource utilization. Only the PRBs of the RBG inside the DL subband is used and the PRBs of the RBG outside the DL subband is not used.
	For resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands, RAN1 studied whether or not the part of the DL RBG inside/outside the DL subband and the part of the UL RBG inside/outside the UL subband can be used. It is agreed that for SBFD-aware UEs, the part of the DL RBG inside the DL subband can be used and the part of the UL RBG inside the UL subband can be used for better resource utilization. It is agreed that the part of the RBG outside the DL subband cannot be used for DL reception and the part of the RBG outside the UL subband cannot be used for UL transmission at least for semi-static SBFD.



Proposal 10: Support partial RBG(s) for Type 0 PDSCH resource allocation for the RBG(s) that overlaps outside the downlink subband boundary within the UE DL BWP.
[bookmark: _Ref158036575]Type-1 frequency resource allocation
Type-1 resource allocation in SBFD symbol with two downlink subband may be challenging especially when interleaving is enabled. In current 3GPP specification, PDSCH is rate matched around specific signals (e.g. SSB, P/SP NZP CSI-RS, etc) or around RRC configured rate matching patterns. The frequency resource outside the DL subband, UL subband and the guardband, could be considered as resources not available for DL transmission (i.e. PDSCH is considered rate matched around UL subband and guardband). In addition, there is a restriction in current specification where on the rate matching is only to applied to the PDSCH data symbol, not the DMRS symbols. This restriction can be relaxed to enable flexible PDSCH type-1 resource allocation in SBFD symbols. 




Figure 3‑7: PDSCH rate-matching around UL subband

Proposal 11: To enable flexible PDSCH type-1 resource allocation in SBFD symbols, support enhancement of the rate matching such that the frequency resources outside the DL subband are considered as resources not available for PDSCH allocation. 
· RAN1 to further consider relax restriction on DMRS overlap with RM pattern in SBFD symbols.

Downlink precoding granularity (PRG)
The PRG size for PDSCH, the precoding granularity, can be 2 PRBs or 4 PRBs or wideband precoding. 
Narrow-band PRG precoding
For narrow band precoding (PRG = 2,4 PRBs), similar problem of misalignment between the DL subbands and PRGs could happen. During Rel-18 study, RAN1 investigated two solutions to resolve the partial PRGs overlapping with the DL subband(s) and concluded the following pros/cons for each option. 
	For a PRG that overlaps with subband boundary, if the part of DL PRG inside the DL subband can be used, better scheduling flexibility and resource utilization can be achieved, however degraded channel estimation quality in the partial PRG is expected compared to a PRG due to limited RBs in the partial PRG. It is noted that UE complexity could increase if this feature is supported. 



The benefits for expanding the partial PRGs within the DL BWP are very minor in terms of resource utilization. For example, when PRG size is 2, at most 1 extra RB is utilized. On the other hand, this may introduce extra UE complexity in terms of special DMRS channel estimation for handling up to four partial PRGs. In current specification, the partial PRGs are fixed at the boundaries of the DL BWP which is important for channel estimation structure. In our views, the expected gains don’t motivate the extra complexity at the UE side. In addition, this scenario can be avoided by proper configuration of the number of RBs within the portal RBG and the DL/UL subbands. 
Proposal 12: If PDSCH PRG is determined as narrowband (PRG = 2, 4RBs), UE doesn’t expect partial PRG(s) other than the first and last PRG within the UE DL BWP. 
Wideband PRG precoding
Regarding PDSCH when PRG is determined as wideband, the current specification requires scheduled RBs should be contiguous. This was introduced to enable UE simple channel estimation, e.g. using wideband FFT based channel estimation. For PDSCH scheduled in SBFD symbols with two DL subbands where PRG determined as ‘wideband’, the same design should be followed where the scheduled PRBs should be limited to one downlink subband as shown in Figure 3‑8. This design option will guarantee no extra UE complexity for wideband channel estimation, similar to legacy behavior.  Relaxing the current specification will introduce extra UE complexity, e.g. double complexity of channel estimation and associated parameter estimation. RAN1 studied two options for wideband precoding across the two downlink subbands as summarized below. 
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[bookmark: _Ref158026153]Figure 3‑8: PDSCH scheduled in one DL subband with ‘wideband’ precoding.


	If PRG is determined as wideband, the following two options are studied.
-	Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
-	Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
It is agreed that Option 1 can achieve better scheduling flexibility and higher DL data rate. Compared with Option 2, Option 1 requires UE to handle two non-contiguous segments of contiguous RBs that may increase UE complexity for channel estimation.




The wideband precoding can be either semi-static configured or dynamically indication. For dynamic bundling indication when gNB configures two sets of bundles and first set is configured with two values ‘n2-wideband’ or ‘n4-wideband’, the condition for determining wideband or narrowband depends on number scheduled RBs with respect to half of the size of the BWP . Then, there could be issue when UE is scheduled PDSCH in one of the DL subband, as the number of scheduled PRBs may be always less than half the BWP size which may not allow for wideband precoding. 

Proposal 13: If PDSCH PRG is determined as wideband, support option 2 where UE doesn’t expect to be configured with non-contiguous PRBs across the two downlink subbands. 
· Further study conditions for wideband precoder determination when precoding bundling is determined dynamically.

Physical channels/signals and procedure across SBFD and non-SBFD symbols in same slot
RAN1 studied whether a physical channel/signal occasion can be mapped to SBFD and non-SBFD symbols within a slot and concluded the following two options for UE transmission/reception can be considered in the normative stage.
	-	Option 1: UE does not transmit or receive the physical channel/signal within the slot.
-	Option 2: UE can transmit or receive the physical channel/signal within the slot only under certain conditions.
-	The conditions may depend on at least the following: whether or not phase continuity can be maintained across SBFD and non-SBFD symbols, whether or not there are same or different transmission/reception parameters e.g. power control, spatial/QCL, UL timing etc. applied in SBFD and non-SBFD symbols, and whether or not there is a guard period between the SBFD and non-SBFD symbols, etc.
-	Other options are not precluded.



In our views, option-2 is a complicated corner case design that requires many conditions to be satisfied across SBFD and non-SBFD symbols in terms of phase coherency, same transmission/reception parameter, same beam, no guard time, etc.  In addition, there is no clear gain or motivation to purse such design. Then, in our views, the mapping of a physical channel/signal within a slot across combination of SBFD and non-SBFD symbols should be avoided. 
This can be avoided by gNB scheduling and/or proper configuration. However, in some scenarios for RRC-configured transmission and reception, the periodicity of the transmission or reception occasion may not well align with the slot periodicity and some occasion may map to combination of SBFD and non-SBFD symbols. In that case, the UE should drop the transmission or reception in that occasion.
Proposal 14: UE doesn’t expect to be dynamically scheduled with a physical channel/signal in a slot that is mapped to both SBFD and non-SBFD symbols.  
· UE drops or discard physical channel transmission or reception configured by higher layer that is mapped to SBFD and non-SBFD symbols in a slot. 

Physical channels/signals and procedure across SBFD and non-SBFD symbols in different slots.
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), RAN1 studied two options whether the transmission/receptions are restricted to SBFD-only and non-SBFD symbol or not and made the following conclusion.

· 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.

	Conclusion
For the two options agreed in RAN1#112 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), the following observations are agreed.
· Option 1 can be achieved by gNB configuration or scheduling to ensure that all transmission/reception occasions are confined to either SBFD symbols or non-SBFD symbols. Alternatively, Option 1 can be achieved by additional indication or rules to determine the transmission/reception occasions are valid within one symbol type and are invalid within the other symbol type.
· The frequency resources, power control and beam/spatial relation for all the transmission/reception occasions can be the same for Option 1 but may be different for Option 2. If different, it may require additional specification efforts.
· Option 1 may or may not increase the transmission/reception latency if the transmission/reception in the other symbol type is postponed and may degrade the performance if the transmission/reception in the other symbol type is dropped. Option 2 may or may not reduce the transmission/reception latency and improve coverage.



In our views, both options are valid design options. For example, option-1 is valid design approach for CG-PUSCH and SPS-PDSCH as it makes sense to have separate resource configuration for SBFD and non-SBFD symbols. On the other hand, for multi-slot uplink transmission, option-2 is preferred to improve the uplink coverage and reduce the latency. In the next sections, for each uplink/downlink signal and channel, we discuss which appropriate design option and provide some signaling details. 
For option 2, the handling of frequency resources allocation across SBFD and non-SBFD symbols was discussed and concluded with the following options.
	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), if the transmissions/receptions can be in SBFD symbols and non-SBFD symbols with different available resources, at least the following frequency resource allocation options for PDSCH, CSI-RS, PUSCH, PUCCH, SRS for SBFD-aware UE are studied.
-	Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 
-	Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
-	Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 
-	Option 1-3: single FDRA configuration/indication and RB offset(s)
-	Option 2: Perform rate matching or puncturing on the RBs outside DL/UL subbands for DL/UL channels/signals. 
-	Option 3: A DL/UL channel/signal overlapping with RBs outside DL/UL subbands in a SBFD slot is dropped or postponed.
Note: Different options can be studied for different signals/channels.



CG-PUSCH and SPS-PDSCH
As the uplink link quality (e.g. UL SINR) at gNB is not the same across SBFD and non-SBFD symbols. In SBFD symbols, there could be extra desense due to residual self-interference, clutter echo or strong inter-gNB CLI. In addition, the gNB may use single panel for UL reception in SBFD while using two panels for non-SBFD. Also, the frequency resources in the UL-SB of SBFD symbols are much smaller than these of non-SBFD symbols. Also, the gNB may use different uplink beam or combiner for the reception in SBFD symbols due to interference (e.g. clutter or other inter-gNB CLI).
A dedicated CG for PUSCH transmission in SBFD symbol is beneficial such that the gNB can activate or configure the CG-PUSCH with proper values for the MCS, FDRA, TDRA, power control parameters, beams, repetition factor, etc that is appropriate for gNB reception of CG-PUSCH transmission in the SBFD symbols.
Observation 2: Having a SBFD-dedicated CG-PUSCH enables proper activation/configuration of the CG-PUSCH transmission in SBFD symbols with the proper values of MCS, frequency resource allocations, power control parameters and beam in the SBFD symbols. 
Similarly, gNB can configure a dedicated SPS for PDSCH receptions in SBFD symbols as the DL reception at the UE in SBFD symbols is different than non-SBFD symbols due to inter-UE CLI and the different number of transmit antennas or panels at the gNB across SBFD slots and non-SBFD slots.
Proposal 15: Support the configuration of separate configured grants (CG) for PUSCH transmission in SBFD symbols and SBFD-dedicated SPS for PDSCH reception in SBFD symbols.
SRS
Separate SRS resource sets should be configured for SRS transmission in the UL subband of SBFD symbols, in addition to SRS sets configured for SRS transmission in UL slots. At least separate SRS sets for ‘codebook’ and ‘non-codebook’ for SRS transmission in SBFD symbols are essential to enable proper estimation of the uplink channel and interference in the UL subband frequency resources of the SBFD symbols. This can be achieved by gNB configuration of SRS resource periodicity to ensure that all SRS transmission occasions are confined to either SBFD symbols or non-SBFD symbols. Alternatively, when such alignment can’t be insured by configuration, then additional dropping rules may be needed. For example, when an SRS transmission occasion configured for SBFD symbol occur in UL slot, it can be dropped. This is useful to prevent UL resource fragmentation in the UL slot. 
Proposal 16: Support separate SRS resource sets configuration for SRS transmission in SBFD symbols in addition to SRS resource sets configuration for SRS transmission in non-SBFD symbols. 
In Rel-17, aperiodic SRS transmission triggering was enhanced by introducing the concept of available UL slot for SRS transmission and DCI indication of the available slot-offset. From a reference slot given by the legacy physical slotOffset, the UE counts only available UL and flexible slot till it reaches the target slot given based on the indicated available slot ‘t’ in the DCI.  The counting mechanism excludes DL symbols or slots that don’t accommodate all the SRS resources of the triggered SRS set.  This framework should be revisited as DL symbols with configured UL subband could accommodate aperiodic SRS transmission and considered as available uplink slot. In addition, the availability for UL/FL slots is determined only based on time availability. With SBFD operation, UL slot and UL-subband in SBFD slot don’t have the same available frequency resources. 


Figure 3‑9: Available slot for AP-SRS set
Proposal 17: RAN1 to further discuss the available slot counting for AP-SRS transmission with SBFD operation. 
PUCCH
PUCCH is typically configured at the edge of the channel bandwidth to avoid UL resources fragmentations and enable use of the rest of the frequency resources for UL PUSCH. Following the same design concept, the PUCCH in the UL subband should be configured at the UL subband boundaries. This may require a separate PUCCH resource set configuration (option 1) for the SBFD slots and non-SBFD slots. Separate PUCCH sets configuration is also needed as the UL link quality of UL slot is different than the one of the SBFD slots. In addition, depending on gNB implementation, different number of gNB antennas/panels in the two slot types, e.g., in TDD mode both panels used for UL reception while in SBFD symbols, only one panel is used for UL reception. Also, this enables different configuration of power control parameters and spatial Relation info. 
A different solution could be based on option-2 where same PUCCH resource/set is used across SBFD and non-SBFD symbols. Then further enhancement for the frequency domain resource allocation is required to accommodate PUCCH transmission in SBFD symbol. If the same start PRB is used for both SBFD and non-SBFD, then some of the PUCCH transmission in SBFD symbols may occur in the DL subband. On the other hand, if the PUCCH startRB is configured based on UL subband, this may cause resource fragmentation and limit other UL transmission (e.g. PUSCH, SRS) in UL slots.  A simple solution is based on Alternative 1-3 (single FDRA configuration/indication with RB offset) to change the start RB of the PUCCH transmission in SBFD symbols. 
In addition, when intra-slot frequency or inter-slot hopping is configured for PUCCH transmission, the current 3GPP hopping mechanism for PUCCH is based on two hops at two PRBs indices, ‘startingPRB’ and ‘secondHopPRB’.  Similarly, if the same PRB indices are used for both slots, then some of the PUCCH hops may occur in the DL subband or cause resource fragmentation in UL slot. This issue can be resolved by adjusting the location of the hops that occur within the UL subband as shown in Figure 3‑10 .   


[bookmark: _Ref127515828][bookmark: _Ref127344389]Figure 3‑10: PUCCH configuration in SBFD and UL slots
Proposal 18: For PUCCH transmission across SBFD and non-SBFD symbols in different slots, support 
· Separate PUCCH resource/set configurations for PUCCH transmission in SBFD and non-SBFD slots, or,
· Same PUCCH configuration for PUCCH transmission across SBFD and non-SBFD slots with single FDRA and SBFD-dedicated RB-offsets or startRB for SBFD transmission occasions. 

PUSCH
Single slot PUSCH
Intra-slot frequency hopping for PUSCH transmission in SBFD symbols should be handled carefully to allow efficient utilization of the UL subband and avoid dropping the PUSCH transmission. A configured/scheduled PUSCH transmission by DCI format 0_0/0_1 or 0_2 can be configured with intra-slot frequency hopping by RRC configuration of a list of RB offsets and activating/scheduling DCI indicating one of the RB-offsets. For example, when the BWP is larger than 50 RBs, four RBs offsets are configured by higher layer and two bits in the DCI indicate on the four offsets. The start RB for first hop (i=0) is based on the FDRA of the PUSCH while the start RB of second hop is given by the equation below. 

The RRC configured RB offsets may not be compatible for PUSCH transmission in SBFD, e.g., it may lead to some of the PUSCH frequency resources of second hop outside the uplink subband. One solution is to have SBFD-specific RB offsets for PUSCH transmission with intra-slot frequency hopping in SBFD symbol. Another solution is to increase the number of configured RBs offsets to enable finer granularity, however, it comes with increase DCI overhead. Therefore, RAN1 should discuss solutions to enable intra-slot FH in SBFD symbols with efficient utilization of the UL subband resources for multiple co-scheduled UEs in complimentary manner as shown in Figure 3‑11. 


[bookmark: _Ref127524232][bookmark: _Ref127344768]Figure 3‑11 intra-slot frequency hopping in SBFD symbols
Proposal 19: RAN1 to further discussion solutions for PUSCH intra-slot frequency hopping in SBFD symbols. 
Multi-slot PUSCH
For multi-slot PUSCH transmission, e.g. PUSCH repetition Type-A or TBoMS, option-2 is preferred to improve UL coverage. To leverage SBFD coverage gain for cell-edge UEs, it is important to enable repetition of the PUSCH across the SBFD and non-SBFD slots without any restriction. Figure 3‑12 shows an example for a PUSCH Type-A repletion and TBoMS across SBFD and non-SBFD slots.


     
[bookmark: _Ref127516024][bookmark: _Ref127345034]Figure 3‑12 Examples of PUSCH repetition Type-A with five repetitions (left figure) and TBoMS (right figure) across SBFD and non-SBFD slots
The PUSCH (or PUCCH) repetitions across SBFD and non-SBFD slots may be received at the gNB with different SINR due to the difference of link quality with interference in SBFD symbols as well as the number of Rx panels. However, this issue can be handled by proper gNB configuration of the number of repetitions and the corresponding configurations, e.g., MCS. Limiting the repetition to slots with same duplex type, e.g. SBFD slots, has some drawbacks as it limits the coverage gain especially if number of SBFD slots are limited and increased UL latency. 
Regarding the frequency domain resource allocation across SBFD and non-SBFD symbols, the same FDRA can either be used which may cause some resource fragmentation in UL slot. Alternatively, the start RB in SBFD symbols is different than start RB in non-SBFD symbol. This can be achieved using option 1-3 of single FDRA configuration/indication and separate RB offset(s) for SBFD occasions. The picture on the left shows an example, where the same start RB is used across all repetitions and picture to the right shows an example, where start RB of the repetition in UL slot is adjusted to avoid resource fragmentation in the UL slot. 



 
Figure 3‑13 Examples of PUSCH with five repetitions with same/different start RB in SBFD and non-SBFD slots
When inter-slot frequency hopping is enabled for multi-slot PUSCH transmission, a dedicated offset for each of the even/odd hops at SBFD symbols should be used to map to UL-subband frequency resources as shown in Figure 3‑14.



[bookmark: _Ref127524414]Figure 3‑14 PUSCH repetitions with inter-slot frequency hopping across SBFD and non-SBFD symbols
Proposal 20: Support multi-slot PUSCH transmission, PUSCH Type-A repetition and/or TBoMS, across both SBFD and non-SBFD symbols using single FDRA with RB offset.
· When inter-slot frequency hopping is configured, the hopping pattern is determined based on current 3GPP mechanism with additional RB-offset to determine startRB for each hop in SBFD symbol. 

When available slot counting is configured for PUSCH transmission, the available slots are based on RRC determination where an UL or flexible slot being available if it is having enough symbols to accommodate the UL transmission. For SBFD repetition, DL symbol with UL subband should be considered as an available slot for repetition in the UL subband. 
Proposal 21: When available slot counting is enabled for PUSCH transmission, PUSCH transmission occasion in a DL slot with configured UL subband is counted. 
When DMRS bundling is enabled, UE keeps power and phase coherency within each actual TDW. Rel-17 introduced procedure for the UE how to determine the nominal and actual TDWs. In general, when UE encounters an event that causes interruption of power and phase coherency, the nominal TDW is reset and new actual TDW is created. 
Then, when PUCCH or PUSCH repetitions crosses the boundaries between SBFD slot and non-SBFD slot, the phase continuity and/or power consistency may not be maintained. The UE may retune some of the filters, adjust some settings for the RFFE, adapt the sampling rates and possibly the UL timing. In addition, the gNB may need to adapt the analog filters and switch some panels. Similarly, the gNB may adapt some of the reception configurations, e.g. panels, filter or beams.  Then, the transition from SBFD to non-SBFD symbol (or vice versa) can break the phase continuity. And then, the actual TDW is terminated at the boundary and new actual TDW is started as shown in the figure below. 



Proposal 22: When DMRS bundling is enabled, the phase coherency is not maintained across SBFD and non-SBFD symbols. The actual TDW is terminated at the boundary and new actual TDW is started.
When DMRS bundling is enabled and UE is configured with inter-slot frequency hopping, UE performs the frequency hopping per interval of N slots. In other words, the starting RB of the PUSCH is kept the same across multiple N consecutive physical slots given by RRC parameter of frequency-hopping-interval if configured, otherwise given by the length of the Time Domain Window (TDW).
Similar to earlier discussion, then hopping pattern is determined based on current 3GPP framework. When, a hopping interval occur in SBFD slots, the UE may adjust the starting RB for UL transmission in SBFD symbols as shown in Figure 3‑15.  

 
[bookmark: _Ref127524268]Figure 3‑15 Example for inter-slot frequency hopping with DMRS bundling (FH interval = 2 slots)
PDSCH
PDSCH can be scheduled/configured with multiple repetitions across physical consecutive slots configured by higher layer parameter pdsch-AggregationFactor using same symbol allocation. Some of these repetitions may land in SBFD symbols where some of the indicated frequency resources are not available, i.e. outside the downlink subband. A simple solution of enhanced rate-matching as discussed in  3.3.2.1.2 could be applied as shown in Figure 3‑16.


[bookmark: _Ref127524478][bookmark: _Ref127447067]Figure 3‑16 PDSCH rate matching for multi-slot PDSCH
Observation 3: For PDSCH repetitions in SBFD symbols, UE can apply rate-machine around the resources outside the DL subband. 
CSI measurements and reporting
For P/SP CSI-RS resources, the same CSI-RS resource is used across SBFD and non-SBFD symbols. As discussed in section 3.3.1.1, non-contiguous CSI-RS in frequency domain can be configured in SBFD symbol based on Option 2-2 (implicit determination by excluding resource outside the DL subband). In non-SBFD symbols, the same CSI-RS resource is assumed with contiguous frequency resources based on the higher layer configuration as shown in Figure 3‑17.

                                    
[bookmark: _Ref127516818]Figure 3‑17 Same CSI-RS resource across SBFD and non-SBFD symbols
Regarding the CSI reporting, when CSI Report is associated with P/SP CSI-RS across SBFD and non-SBFD symbols, based on outcome of Rel-18 study, four options were listed whether the CSI Report is used or separate CSI reporting and whether associated with the same or separate CSI-RS resource.
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Figure 3‑18: P/SP CSI-RS associated with same or separate CSI Report configurations.

	# CI-RS Resources


# CSI-Report
 Configuration
	2 CSI-RS resources
CSI-RS#1 occasion in SBFD-symbols only and CSI-RS#2 occasions in non-SBFD symbols only.
	Single CSI-RS resource 
The CSI-RS occasions are in both SBFD and non-SBFD symbols

	
Two CSI Report Configurations

	Option 1-1
CSI-Report1 associated with CSI-RS#1,
CSI-Report2 associated with CSI-RS#2
	Option 1-2
Csi-Report1 and Csi-Report2 associated with the same CSI-RS resource

	Single CSI Report Configuration
	Option 2-1
Same Report associated with two CSI-RS resources
	Option 2-2
Same CSI-Report associated with the same CSI-RS


Depending on gNB SBFD implementation, some of these options may not be valid.  In some implementation, the gNB may use different panels and/or antenna configurations for transmission in DL and SBFD symbols which may lead to different number of CSI-RS ports, or different power or beam shape per port. Then, the same CSI-RS resource can’t be used for both SBFD and non-SBFD symbols. In other implementations, the gNB may use same large panel for DL transmission in TDD and SBFD symbol which can leverage the same CSI-RS resource. In addition, the gNB antenna configuration will have an impact whether the same CSI report can be used for both SBFD and non-SBFD symbols. For example, if gNB uses different antenna configuration in SBFD and non-SBFD, (e.g. two panels in TDD and single panel in SBFD), then same CSI report configuration can’t be used as the Codebook configuration, associated panel configurations (N1, N2, Ng) and CSI report frequency configuration may not be the same for CSI reporting in SBFD and non-SBFD symbols.
Observation 4: When gNB is using different antenna configurations in both SBFD and non-SBFD symbols:
· Same CSI-RS resources may not be used in both SBFD and non-SBFD symbols, as number of CSI-RS ports may be different, depending on gNB antenna configurations.
· Same CSI-Report Config may not be used or suitable for both SBFD and non-SBFD symbols as the CSI report configuration depends on gNB antenna configurations (e.g., Codebook configuration, N1/N2/Ng) and CSI reporting bandwidth and subband configurations.

The simplest solution is to have different CSI-RS resource configurations for SBFD and non-SBFDs associated with different CSI report configurations. 
Proposal 23: Support separate CSI reporting and separate CSI-RS resource for SBFD and non-SBFD symbols.

CLI measurements and reporting
Based on Rel-18 study, three methods for inter-subband CLI measurements in SBFD symbols were investigated. Method #1 is based on CLI measurements in DL subband while Method 2 and 3 are based on CLI measurements in the UL subband.
	
	Method #1
	Method #2
	Method #3

	Aggressor UE
	Any Tx signal
	SRS
	Any Tx signal

	Victim UE CLI measurements
	CLI-RSSI in DL subband
	SRS-RSRP in UL subband
	CLI-RSSI in UL subband



CLI measurements in DL subband
For method #1 where UE measures CLI-RRSI across the two downlink subbands, three alternatives were studies for the CLI measurements and reporting. In Alt #1 and #2, gNB configure one or more CLI-RSSI resource per each DL subband as supported in current specification. In Alt #3, the UE is configured with non-contiguous CLI-RSSI resource across the two downlink subbands. 
	For UE-to-UE CLI-RSSI measurement/report across downlink subbands, the following methods are studied. Note that Alt #1 and Alt #2 are supported in existing specifications.
-	Alt #1: separate CLI-RSSI measurement resources/reports in each DL subband
-	Alt #2: CLI-RSSI measure/report in one DL subband only
-	Alt #3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
Alt #1 allows flexible configuration of measurement reporting in one DL subband or two DL subbands but it consumes multiple CLI-RSSI measurement resources from the UE capability budget. 
Alt #2 restricts gNB configuration flexibility and does not account for whether or not the CLI is asymmetric across two DL subbands. This method does not consume multiple CLI-RSSI measurement resources from UE capability point of view. 
Alt #3 requires additional specification efforts to support non-contiguous CLI-RSSI resource allocation across downlink subbands. This method is similar to non-contiguous CSI-RS resource allocation. A single CLI-RSSI report based on non-contiguous CLI-RSSI resource may be sufficient. This method does not consume multiple CLI-RSSI measurement resources from UE capability point of view. Note that it does not imply whether L1 or L2 based measurement is supported



When UE is configured to measure CLI-RSSI in SBFD symbols Alt #3, as part of the CLI report configuration, UE can be configured to report ‘wideband’ CLI-RSSI metric or ‘per-DL-subband’ CLI-RSSI metric. The latter could be motivated in the scenario where RSSI is not symmetric across the two downlink subband. 
Proposal 24: For CLI-RSSI measurements within DL subband, support Alt #3 where UE implicitly determines the non-contiguous frequency resources for CLI-RSSI measurement in the DL subband(s). The non-contiguous CLI frequency resource could implicitly be determined by the UE by excluding some frequency resources based on SBFD indication.
For the determination of the CLI frequency resources in SBFD symbols, similar methodology as the one of CSI-RS frequency resource determination could be leveraged, where UE implicitly determines the CLI-RSSI frequency resource by excluding some resources based on the UL/DL subband indication. Rel-16 CLL-RSSI measurement resource is based on contiguous RB configurations based on a start PRB index and number of PRB with multiple of 4. The UE always assumes actual CLI-RSSI resource bandwidth is within the DL BWP. Then, when a CLI resource is configured in SBFD symbols, UE only measures the CLI in the DL subbands based on Method 1, then the UE can implicitly determine the frequency resources for CLI measurement bandwidth within each subband by excluding the UL subband and any guardband. 
[bookmark: _Hlk158044923]Proposal 25: When UE is configured to measure and report CLI-RSSI based on non-contiguous CLI-RSSI resource in SBFD symbols, the UE may report single wideband RSSI measurement or per-DL-subband CLI-RSSI measurements.
CLI measurements in UL subband and/or guardband 
It was concluded in Rel-18 study that CLI measurements in the uplink subband using, Method #2 and Method #3 can be used for identifying the aggressor UE(s) if orthogonal resources are allocated for different aggressor UE(s). Method #2 and #3 can at least provide higher interference signal strength than inter-subband interference leakage-based measurements in CLI-RSSI measurement in DL subband by Method #1. Furthermore, such measurement is not subject to inter-cell DL interference. It is feasible for UE to measure RSRP/RSSI within UL subband if within active DL BWP and receive DL in DL subband(s) simultaneously similar as simultaneous RSRP/RSSI measurement and DL reception in Rel-16. The existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband when UL subband is confined within active DL BWP.
Similar to legacy CLI measurements and reporting mechanism , SBFD-aware UE can measure CLI-RSSI or CLI-RSRP in the uplink subband or the guardband as long as the CLI frequency resources are within the UE DL BWP. 
Proposal 26: Support CLI-RSSI and CLI-RSRP measurements in the UL subband and/or guardband within the UE DL active BWP.
Separate parameters and configurations in SBFD symbols
As the uplink SINR at gNB is not the same across SBFD and non-SBFD symbols as the UL interference differ between SBFD and non-SBFD symbols. In SBFD symbols, there could be additional desense due to residual self-interference, clutter echo or strong inter-gNB CLI. In addition, the gNB may use single panel for UL reception in SBFD while using two panels for non-SBFD. This motivates separate UL power control parameter uplink signal/channel transmission on SBFD and non-SBFD symbols in different slots.  For example, gNB can configure different open-loop power control parameters and/or TPC commands for the SBFD and non-SBFD slots. 
Proposal 27: support at least semi-static switching of open-loop UL power control parameters across SBFD and non-SBFD symbols.
Conclusion
In this contribution, we provided our views on SBFD transmission, reception and measurements procedures with following observations and proposals:
Proposal 1: For semi-static indication of frequency domain location of SBFD subbands, support the following:
· Explicit configuration of the frequency locations of the uplink subband and DL subband(s). Guardband(s), if any, are implicitly determined by the UE.
· RIV-based of the frequency locations of the subband, within the common resource grid. 
· FFS: details on the maximum SB size for RIV interpretation and SCS for start-RB determination. 
· A subband is a set of set of consecutive RBs for the same transmission direction. 
· FFS: RAN1/4 restrictions on the size of the subband sizes, if any.

Proposal 2: For semi-static indication of time domain location of SBFD symbols, support the following:
· SBFD symbol’s locations are indicated per each TDD-UL-DL patterns, where the SBFD periodicity is determined based on the TDD-pattern(s) periodicity. 
· SBFD pattern is configured by a window of consecutive SBFD symbols with symbol-level granularity. 
· A slot may consist of both SBFD and non-SBFD symbols. 
· Within the TDD UL-DL pattern, maximum of two transition points including one transition point from non-SBFD symbols to SBFD symbols and one transition point from SBFD symbols to non-SBFD symbols. 

Proposal 3: RAN1 should discuss some limitation on maximum number of DL/UL switching for the SBFD-aware UE within the SBFD time pattern. 
Proposal 4: For SBFD-aware UE transmission, reception and CLI measurement in the SBFD symbols configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon, support the following:
· SBFD-aware UE receives DL signals/channels only at the DL subband(s) frequency resources within its active downlink BWP.
· SBFD-aware UE transmits uplink signals/channels at the UL subband(s) resources within its active uplink BWP.
· SBFD-aware UE does not transmit UL channels/signals or receive DL channels/signals within the guardband(s)
· SBFD-aware can perform CLI measurements in DL-subband, UL subband and/or guardband within the UE DL BWP.

Proposal 5: SBFD-aware UE treats SBFD symbols as flexible symbols where transmission or reception is determined based on gNB scheduling.
· FFS: Whether SFI and/or dedicated TDD-UL-DL pattern apply to SBFD symbols configured in flexible symbols by TDD-UL-DL-ConfigCommon.

Observation 1: Collision in SBFD symbols occurs due to the overlapping between UL transmission and DL reception at least one SBFD symbol or due to the lack of sufficient timeline for UE to switch from DL reception to UL transmission.
Proposal 6: For collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol, support the following:
· No uplink transmission in SSB symbols 
· Leverage 3GPP design rules for handling the collision between semi-static UL/DL versus Dynamic DL/UL.
· UE doesn’t expect to be dynamically scheduled of UL transmission and DL reception. 
· RAN1 to further discuss whether to relax the restrictions of simultaneous configuration by higher-layer of uplink transmission and downlink reception in SBFD symbols. 

Proposal 7: For CSI-RS resource configuration in SBFD symbol, support option 2-2 based on one contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s).
· RAN1 to revisit CSI processing timeline in SBFD symbols due to UE complexity increases to process the CSI-RS across the two DL subbands which may increase.

Proposal 8: When a CSI-RS resource and DL subband are misaligned relative to 4RB grid of the CSI-RS, the UE considers the PRB(s) within the DL subband(s) are valid and remaining PRBs of CSI-RS resource outside the DL subband(s) are dropped.
Proposal 9: Support partial CSI report subband(s) that overlaps with SBFD subband boundaries that contains at least 1 PRB of CSI-RS. 
· FFS: CSI subband(s) outside the DL subband(s) when one report used for SBFD and non-SBFD.

Proposal 10: Support partial RBG(s) for Type 0 PDSCH resource allocation for the RBG(s) that overlaps outside the downlink subband boundary within the UE DL BWP.
Proposal 11: To enable flexible PDSCH type-1 resource allocation in SBFD symbols, support enhancement of the rate matching such that the frequency resources outside the DL subband are considered as resources not available for PDSCH allocation. 
· RAN1 to further consider relax restriction on DMRS overlap with RM pattern in SBFD symbols.

Proposal 12: If PDSCH PRG is determined as narrowband (PRG = 2, 4RBs), UE doesn’t expect partial PRG(s) other than the first and last PRG within the UE DL BWP. 
Proposal 13: If PDSCH PRG is determined as wideband, support option 2 where UE doesn’t expect to be configured with non-contiguous PRBs across the two downlink subbands. 
· Further study conditions for wideband precoder determination when precoding bundling is determined dynamically.

Proposal 14: UE doesn’t expect to be dynamically scheduled with a physical channel/signal in a slot that is mapped to both SBFD and non-SBFD symbols.  
· UE drops or discard physical channel transmission or reception configured by higher layer that is mapped to SBFD and non-SBFD symbols in a slot. 

Observation 2: Having a SBFD-dedicated CG-PUSCH enables proper activation/configuration of the CG-PUSCH transmission in SBFD symbols with the proper values of MCS, frequency resource allocations, power control parameters and beam in the SBFD symbols. 
Proposal 15: Support the configuration of separate configured grants (CG) for PUSCH transmission in SBFD symbols and SBFD-dedicated SPS for PDSCH reception in SBFD symbols.
Proposal 16: Support separate SRS resource sets configuration for SRS transmission in SBFD symbols in addition to SRS resource sets configuration for SRS transmission in non-SBFD symbols. 
Proposal 17: RAN1 to further discuss the available slot counting for AP-SRS transmission with SBFD operation. 
Proposal 18: For PUCCH transmission across SBFD and non-SBFD symbols in different slots, support 
· Separate PUCCH resource/set configurations for PUCCH transmission in SBFD and non-SBFD slots, or,
· Same PUCCH configuration for PUCCH transmission across SBFD and non-SBFD slots with single FDRA and SBFD-dedicated RB-offsets or startRB for SBFD transmission occasions. 

Proposal 19: RAN1 to further discussion solutions for PUSCH intra-slot frequency hopping in SBFD symbols. 
Proposal 20: Support multi-slot PUSCH transmission, PUSCH Type-A repetition and/or TBoMS, across both SBFD and non-SBFD symbols using single FDRA with RB offset.
· When inter-slot frequency hopping is configured, the hopping pattern is determined based on current 3GPP mechanism with additional RB-offset to determine startRB for each hop in SBFD symbol.

Proposal 21: When available slot counting is enabled for PUSCH transmission, PUSCH transmission occasion in a DL slot with configured UL subband is counted. 
Proposal 22: When DMRS bundling is enabled, the phase coherency is not maintained across SBFD and non-SBFD symbols. The actual TDW is terminated at the boundary and new actual TDW is started.
Observation 4: When gNB is using different antenna configurations in both SBFD and non-SBFD symbols:
· Same CSI-RS resources may not be used in both SBFD and non-SBFD symbols, as number of CSI-RS ports may be different, depending on gNB antenna configurations.
· Same CSI-Report Config may not be used or suitable for both SBFD and non-SBFD symbols as the CSI report configuration depends on gNB antenna configurations (e.g., Codebook configuration, N1/N2/Ng) and CSI reporting bandwidth and subband configurations.

Proposal 23: Support separate CSI reporting and separate CSI-RS resource for SBFD and non-SBFD symbols.
Proposal 24: For CLI-RSSI measurements within DL subband, support Alt #3 where UE implicitly determines the non-contiguous frequency resources for CLI-RSSI measurement in the DL subband(s). The non-contiguous CLI frequency resource could implicitly be determined by the UE by excluding some frequency resources based on SBFD indication.
Proposal 25: When UE is configured to measure and report CLI-RSSI based on non-contiguous CLI-RSSI resource in SBFD symbols, the UE may report single wideband RSSI measurement or per-DL-subband CLI-RSSI measurements.

Proposal 26: Support CLI-RSSI and CLI-RSRP measurements in the UL subband and/or guardband within the UE DL active BWP.
Proposal 27: support at least semi-static switching of open-loop UL power control parameters across SBFD and non-SBFD symbols.
References
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