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Introduction
[bookmark: _Hlk53783455]In [1], a new work item on “Evolution of NR duplex operation: Sub-band full duplex (SBFD)” is approved for Rel-19 with the following objectives. 
	The objectives of “New WID: Evolution of NR duplex operation: Sub-band full duplex (SBFD)” as stated in [1].

	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
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 
· Specify BS RF requirements for SBFD operation at gNB [RAN4]
· Specify applicable RRM core requirements for co-channel CLI handling mechanisms [RAN4]
· Specify other RRM core requirements for SBFD operation, if identified [RAN4]



In this contribution, we discuss various aspects of the above WID objectives related to the SBFD operations at a serving cell from the perspective of SBFD aware UEs.
[bookmark: _Ref127457671]Semi-static indication of time/frequency location of SBFD subbands 
As captured in TR 38.858 [2], the baseline SBFD operation, at least for UEs in RRC_CONNECTED mode, includes semi-static and explicit configurations of time and frequency locations of at least the SBFD UL subband, which can be located at either side of the carrier or at the middle part of the carrier and that the SBFD UL subband configuration across different SBFD symbols is the same. Therefore, a UE can receive explicit configurations/information of time and frequency resources SBFD UL subband for UL transmission on symbols configured as DL or flexible (F), where the configuration of symbols as DL, UL, or F is provided by TDD-UL-DL-ConfigurationCommon and additionally by TDD-UL-DL-ConfigurationDedicated, if configured. 
Semi-static indication of time location of SBFD subbands 
In TR 38.858 [2], a maximum of two transition points between SBFD and non-SBFD symbols is recommended, at least for semi-static SBFD subband configurations: one transition point from non-SBFD symbols to SBFD symbols and one transition point from SBFD symbols to non-SBFD symbols within a TDD UL/DL pattern period. It is motivated by the observation that frequent switching between SBFD and non-SBFD symbols may increase the implementation complexity and interruptions of transmissions/receptions during transition. Therefore, in the case that a TDD UL/DL pattern is configured with more than one SBFD slot/symbol, the SBFD slots/symbols should be consecutive, since otherwise the number of transition points between SBFD and non-SBFD slots/symbols may increase and violate the maximum number of two transition points between SBFD and non-SBFD symbols. 
Proposal 1: SBFD slots/symbols should be consecutive within a TDD UL/DL periodicity.  
Moreover, it is most likely that, at least for a foreseeable future, an indicated TDD UL/DL pattern will have at least one UL-only slot to accommodate the legacy UEs, i.e., SBFD non-aware UEs. In this case, the location of the SBFD slots/symbols should precede and/or follow the UL-only slots/symbols, as exemplified in Figure 1, to minimize and/or to meet the maximum number of allowed transition points. Such a configuration may also reduce the indication overhead of SBFD slots/symbols within a TDD UL/DL pattern as well as simplify and improve the UL resources allocation.  
Proposal 2:  The location of the SBFD slots/symbols should precede and/or follow the UL-only slots/symbols, if configured. 
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Figure 1: A time domain configuration of a TDD UL/DL/X pattern. The SBFD slots/symbols precede and/or follow the UL-only slots/symbols, if configured.
Considering that a SBFD pattern is dependent on the legacy TDD slot format configuration, where a slot can consist of DL/UL/F symbols, symbol-level SBFD configuration should be supported. For a slot with DL/UL/F symbols, the UL symbols are non-SBFD symbols, while the DL and F symbols can be SBFD symbols. In this case, a slot can consist of both SBFD and non-SBFD symbols. 
Proposal 3: A slot can consist of both SBFD and non-SBFD symbols.

Moreover, in the current specifications, a UE may optionally be configured with a second TDD UL/DL pattern by TDD-UL-DL-ConfigCommon. Considering the dependency between a SBFD pattern and legacy TDD UL/DL patterns, one direct option is to provide a specific SBFD pattern for each configured TDD UL/DL pattern. In another option, one SBFD pattern is provided for the two configured TDD UL/DL patterns. However, considering that the two TDD UL/DL patterns normally have different configurations (i.e., the two configured patterns are different), how to link a single SBFD pattern to two TDD UL/DL patterns need to be studied.  

Proposal 4: In the case that a UE is configured with two TDD UL/DL patterns by TDD-UL-DL-ConfigCommon, study the following two options.
· Option 1: A specific SBFD pattern is associated with only one TDD UL/DL pattern. 
· Option 2: A single SBFD pattern is associated with two TDD UL/DL patterns. 

Semi-static indication of frequency location of SBFD subbands
In TR 38.858 [2], for semi-static configuration of subband frequency locations, it is stated that at least explicit indication of frequency location of UL subband is required. For the other subbands, i.e., DL subband(s) and guardband(s), if configured, two options are provided in TR 38.858 [2]. In Option 1, the DL subband(s) are explicitly configured, while the guardband(s), if any, are implicitly derived. Differently, in Option 2, the guardband(s), if any, are explicitly configured, while the DL subband(s) are implicitly derived. Option 2 seems more advantageous in the sense that it will require less indication overhead since the number of RBs of a guardband is, in general, much smaller than that of a DL subband. As implicitly captured in TR 38.858 [2], only the number of RBs for a guardband needs to be indicated, whereas the start RB of a DL subband may need to be indicated alongside its number of RBs.     
Proposal 5: Support Option 2 in TR 38.858 regarding frequency location configuration of DL subband(s) and guardband(s) if any. 
· 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).

Per TR 38.858 [2], a SBFD [UL/DL] subband configured for an SBFD symbol consists of 1 RB or a set of consecutive RBs for the same transmission direction. Moreover, the location of the SBFD UL subband, in terms of both time and frequency, is not fixed in the specifications, meaning that it is configurable within a carrier or a BWP. Moreover, the maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one, regardless of its exact location: at either side of the carrier or the middle part of the carrier. 
The above means that the frequency domain location of a SBFD UL subband is composed of one or more of consecutive RBs or RBGs and can be naturally characterized by a start RB/RBG and a number (a length) of RBs/RBGs, as exemplified in Option A of Figure 2, where both (i.e., start RB/RBG and number of RBs/RBGs) are constrained by the total number of RBs/RBGs within a target carrier or BWP. Eventually, the number of RBs/RBGs of an allocated UL subband will occupy a certain percentage of the RBs/RBGs within a target carrier or BWP, e.g., 20% of the total number of RBs within a target BWP, as exemplified in Option B of Figure 2. Here, we observe that indicating the number of RBs/RBGs of the SBFD UL subband as a percentage value of, e.g., the total number of RBs/RBGs within the target BWP requires, in general, less indication overhead. To illustrate this, let us consider a scenario where the total number of RBs of a target BWP is 273 RBs (for 100 MHz BWP with 30 kHz SCS) and the SBFD UL subband frequency location is characterised by a start RB = 105 and a number of RBs = 55. Using the resource indication value (RIV) mapping method (defined in TS 38.214 - 5.1.2.2), the start RB (i.e., ) and the number of RBs (i.e., ) would be encoded into RIV = 273(55 - 1) + 105 = 14847. However, when considering that the number of RBs = 20% (i.e., %, where  is a rounding function to the nearest integer), then the start RB and the number of RBs would be encoded into RIV = 273(20 - 1) + 105 = 5259, which obviously requires less indication overhead. 
Observation 1: Indicating the number of RBs/RBGs of an UL subband as a percentage value of, e.g., the total number of RBs/RBGs within the target BWP requires, in general, less indication overhead. 
Proposal 6: The semi-static indication of frequency location of SBFD UL subband is indicated explicitly via a start RB/RBG and a number of RBs/RBGs values and the number of RBs/RBGs is indicated as a percentage value of a total number of RBs/RBGs.
[image: ]
Figure 2: Frequency domain location indication options for a SBFD UL subband. Different than Option A, Option B reduces indication overhead by assuming that the number of RBs/RBGs of the SBFD UL subband is indicated as a percentage value of the BWP total number of RBs/RBGs.
Moreover, in TR 38.858 [2], it is stated that the minimum or maximum subband and guardband size and subband location within TDD carrier is subject to any RAN4 guidance. However, under some practical constraints, one can anticipate that the SBFD UL subband size should have a minimum and a maximum size. For example, the UL subband frequency size should not be too small or too large, since otherwise it would limit the scheduling flexibility of some UL/DL signals/channels, if not completely preventing scheduling them. Therefore, RAN1 should agree on a minimum and a maximum UL subband. One general approach for specifying a minimum and maximum UL subband frequency size is to use percentage values, e.g.,  of the BWP as a minimum UL subband size and  of the BWP as a maximum UL subband size so that the configured SBFD UL subband size . 
Proposal 7: RAN1 to agree on a minimum and a maximum frequency size of a SBFD UL subband.
Downlink reception in SBFD symbols
For legacy UEs, the gNB can schedule their DL signals/channels in symbols/slots with a SBFD UL subband as long as the indicated DL signal/channel resources do not overlap with the UL subband. For SBFD aware UEs, enhanced resource allocation schemes may be used for efficient resource utilization.  
For a SBFD aware UE configured with an UL subband overlapping with DL symbols, the SBFD aware UE should assume that REs corresponding to the UL subband are not available for DL reception. In addition, DL reception may occur outside DL subband(s) excluding the UL subband region (e.g., in any guardband RBs depending on the resources used in the UL subband).
Proposal 8: For SBFD-aware UEs, for DL receptions outside semi-statically configured DL subband(s) in the symbol configured as DL in TDD-UL-DL-ConfigCommon:
· (modified) Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed excluding the UL subband region. 

Moreover, in TR 38.858 [2], three options are listed for SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon for SBFD aware UEs differing whether the RBs outside the subband can also be used. In our view, a SBFD aware UE configured with an UL subband overlapping with flexible symbols should not be expected to transmit outside the UL subband in SBFD symbols. In addition, the SBFD aware UE should assume that REs corresponding to the UL subband are not available for DL reception. Further, DL reception may occur outside DL subband(s) excluding the UL subband region (e.g., in any guard band RBs depending on the resources used in the UL subband). Thus, our preferred SBFD aware UE behaviour in a symbol configured as flexible in TDD-UL-DL-ConfigCommon is modified Option 2:
For SBFD-aware UEs, for DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband in the symbol configured as flexible in TDD-UL-DL-ConfigCommon:
· (modified) Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed excluding the UL subband region. 
· UL transmissions outside the semi-statically configured UL subbands are not allowed.
[bookmark: _Hlk158274959]Proposal 9: For SBFD-aware UEs, for DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband in the symbol configured as flexible in TDD-UL-DL-ConfigCommon:
· (modified) Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed excluding the UL subband region. 
· UL transmissions outside the semi-statically configured UL subbands are not allowed.

[bookmark: _Hlk115186605]PDSCH
For PDSCH reception with downlink type 0 resource allocation or with non-interleaved downlink type 1 resource allocation, a SBFD aware UE should perform rate matching around an SBFD UL subband, when an allocated PDSCH resource overlaps with the SBFD UL subband. 
[bookmark: _Hlk158274987]Proposal 10: For PDSCH reception with downlink type 0 resource allocation or with non-interleaved downlink type 1 resource allocation, a SBFD aware UE performs rate matching around the SBFD UL subband.
Some RBs of a PDSCH PRG (precoding granularity) may overlap with the SBFD UL subband resulting in a reduction in the actual number of consecutive PRBs in the PRG. The current TS 38.214 specification supports actual number of consecutive PRBs in each PRG could be one or more and not always equal to the configured precoding granularity.
[bookmark: _Hlk158274992]Proposal 11: For SBFD-aware UEs and PRG(s) with size of 2 and 4 that overlaps with subband boundary, the actual number of consecutive PRBs in each PRG can be one or more and not always equal to the configured precoding granularity as already supported in current TS 38.214 specification.
[bookmark: _Hlk498008922]For PDSCH reception with interleaved downlink type 1 resource allocation, the number of virtual resource blocks (VRBs) is set to an active BWP size  physical resource blocks (PRBs) minus the number of PRBs overlapping with the SBFD UL subband. That is, the VRBs are indexed without considering RBs overlapping with the SBFD UL subband. For interleaved VRB-to-PRB mapping, resource block bundles are defined based on resource blocks that do not overlap with a time and frequency resource of the SBFD UL subband. 
[bookmark: _Hlk158274998]Proposal 12: For PDSCH reception with interleaved downlink type 1 resource allocation, a SBFD aware UE indexes VRBs and defines resource block bundles based on resource blocks not overlapping with the SBFD UL subband. 
In legacy, if a UE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no transmission to the UE is present in PRBs and in symbols that are indicated by the DCI format 2_1, from a set of PRBs and a set of symbols of the last monitoring period. Wherein, the set of PRBs is equal to the active DL BWP and symbols indicated as uplink by TDD-UL-DL-ConfigurationCommon are excluded from the set of symbols of the last monitoring period. Similarly, we think the PRBs in the SBDD UL subband could also be excluded from the set of PRBs for indication the punctured PRBs with finer granularity. 
PDCCH
For PDCCH reception, a frequency domain resource for a control resource set (CORESET) is indicated by a bitmap, where each bit of the bitmap corresponds to a group of 6 RBs, with grouping starting from the first RB group in a BWP or multicast broadcast service (MBS) common frequency resource (CFR) where the CORESET is configured. A bit that is set to 1 indicates that this RB group belongs to the frequency domain resource of this CORESET. Bits corresponding to a group of RBs not fully contained in the BWP within which the CORESET is configured are set to zero.
Depending on a number of RBs and a location of allocated RBs for a SBFD UL subband, some groups of 6 RBs may not be usable for CORESET resource allocation, which may cause frequency resource fragmentation, as shown in Figure 4. To alleviate complexity of scheduling DL signals/channels, an enhancement for CORESET resource allocation can be considered. For example, an RB offset applicable to an SBFD symbol can be considered.  
Observation 2: SBFD UL subband may cause frequency resource fragmentation for CORESET resource on SBFD symbols. 
Proposal 13: For CORESET frequency resource allocation in SBFD symbols, support RB offset to CORESET RB groups on SBFD symbols.  
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[bookmark: _Ref115191248]Figure 4: Full duplex UL subband allocation and a set of 6RB groups for CORESET resource allocation.
CSI-RS
In the current specifications, a CSI-RS resource is allocated using a contiguous frequency domain resource allocation (FDRA) scheme in the form of a start RB and a number of RBs. However, in some SBFD scenarios where the total number of DL RBs within a SBFD slot/symbol are distributed over two non-contiguous DL subbands, the current contiguous FDRA scheme cannot allocate a single CSI-RS resource over the two non-contiguous DL subbands. To solve this issue, several options were identified in TR 38.858 [2], and the pros and cons of every option were captured as well.  
	[TR 38.858 [2] Section 6.1.2]

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.



Specifically, Option 1 resolves the issue by configuring two CSI-RS resources, where each one configures a set of consecutive RBs for CSI-RS transmission per DL subband. However, this option requires additional signalling to link two CSI-RS resources in the two DL subbands and it reduces the flexibility of CSI-RS configuration since it would double the number of CSI-RS resources, which are limited in the current specifications. Option 2-1 resolves this latter issue by configuring one CSI-RS resource with non-contiguous FDRA across two DL subbands, which requires new RRC structure and additional signalling overhead. Finally, Option 2-2 reuses the existing signalling design for CSI-RS resource configuration by configuring one contiguous CSI-RS resource allocation, where the UE would derive the non-contiguous CSI-RS resource by excluding the frequency resources outside DL subband(s), which limits the CSI-RS FDRA flexibility, since it can only allocate CSI-RS frequency-domain resources in the inner sides of the two DL subbands. Note that, as mentioned earlier, the major disadvantage of Option 1 is that it consumes two CSI-RS resources from the UE’s maximum number of CSI-RS resources, while Option 2 does not have this disadvantage. Therefore, Option 2 is strictly preferred.
Proposal 14: For non-contiguous frequency-domain resource allocation for CSI-RS, support configuring one CSI-RS resource, i.e., Option 2 in TR 38.858.
Furthermore, the current FDRA of CSI-RS flexibility and signaling overhead need to be at least maintained, whereas neither option captured in TR 38.858 [2] can achieve the desired flexibility and signaling overhead. For that, we propose a modification to Option 2-2 as illustrated in Figure 5.
[bookmark: _Hlk158275253]Proposal 15: For frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, study the following modification to Option 2-2 captured in TR 38.858 [2]:
Option 2-2 (Modified): One contiguous CSI-RS resource allocation with contiguous CSI-RS resource derived by wrapping-around the frequency resources over the two DL subbands.
[bookmark: _Hlk156303533]As illustrated in Figure 5, the modified Option 2-2 reuses the existing signalling design for CSI-RS resource configuration by configuring one contiguous CSI-RS resource allocation. However, unlike original Option 2-2, modified Option 2-2 allows a SBFD-aware UE to derive a virtually contiguous FDRA for the allocated CSI-RS resource during the SBFD symbols by wrapping-around the frequency resources over the two DL subbands, which maintains the flexibility of FDRA of current CSI-RS and its signalling overhead. 
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[bookmark: _Hlk131669437]Figure 5: Modified Option 2-2 for frequency resource allocation for a CSI-RS resource across two DL subbands for SBFD-aware UEs: One contiguous CSI-RS resource allocation with contiguous CSI-RS resource derived by wrapping-around the frequency resources over the two DL subbands.
CSI Reporting
In TR 38.858 [2], four CSI reporting options are listed for CSI reports associated with periodic/semi-persistent CSI-RS resource across SBFD and non-SBFD slots/symbols. With Option 1-1, each slot type has a separate CSI report and a separate CSI-RS resource, while with Option 1-2, each slot type has a separate CSI report but a common CSI-RS resource. With Option 2-1, each slot type has a separate CSI resource but a common CSI report, whereas with Option 2-2, both slot types have a common CSI resource and a common CSI report. In general, every option has advantages and disadvantages. For example, Option 1-1 can be expected to provide more accurate measurements and reports, but as noted in the agreement, it may restrict the gNB configuration flexibility. On the other hand, the other options may not work if gNB uses different antenna configurations in SBFD and non-SBFD slots, since in this case, the number of CSI-RS ports and codebook configuration may be different between different slot types. 
Observation 3: If different antenna configurations in SBFD and non-SBFD slots/symbols are used, the CSI reporting Option 1-1 in TR 38.858 should be supported. 
During the discussion on CSI enhancements as part of the SBFD study phase, it was suggested by a few companies that the Rel-19 CSI reporting framework for SBFD can reuse the Re-18 CSI framework for NES. CSI enhancements for spatial domain NES were agreed in Rel-18 as part of the NES normative work. In Rel-18 NES specification, the UE is configured with , e.g.,  spatial domain adaptation schemes, where each scheme is associate with a distinct CSI reporting sub-configuration, and wherein the  sub-configurations are associated with the same legacy CSI reporting configuration. Additionally, the UE would report CSI corresponding to a subset  sub-configurations, where the CSI reporting configuration configures the UE to report a single CSI report comprising  CSI sub-reports, where each of the  sub-reports is associated with a distinct CSI reporting sub-configuration. An illustration of the mapping order of CSI fields in a two-part CSI report comprising  CSI sub-reports is shown in Figure 6.
[image: ]
Figure 6: Mapping of sub-reports within a CSI report comprising two parts.

In our opinion, the analogy between both SBFD and NES domains with respect to CSI framework, is not strong, for the following reasons:
1. In NES, different CSI sub-configurations correspond to different antenna adaptation patterns, i.e., different transmission hypotheses, and hence each transmission hypothesis corresponds to a distinct precoding matrix, whereas in SBFD, the DL precoding vectors associated with DL sub-bands over both SBFD symbols and non-SBFD symbols are expected to be strongly correlated, especially if the antenna configurations used for both SBFD and non-SBFD symbols/slots are the same.
2. In NES, a CSI report comprising two sub-reports would include identical configurations of the reported CSI report quantities corresponding to two spatial adaptation patterns, whereas in SBFD framework, the CSI content corresponding to both SBFD symbols and non-SBFD symbols may not be symmetric, since the number of PMI/CQI sub-bands, e.g., under sub-band reporting format, are not the same over SBFD and non-SBFD symbols. Moreover, the PMI reported for DL sub-bands of the SBFD symbols is expected to be strongly correlated with that of the corresponding sub-bands in non-SBFD symbols, especially if the antenna configurations used for both SBFD and non-SBFD symbols/slots are the same, and hence can be omitted from reporting. 

Given that, our preference is not to reuse the CSI framework of NES spatial domain enhancements for SBFD enhancements. A new CSI framework is needed for SBFD enhancements.

[bookmark: _Hlk158907082]Observation 4: The CSI framework of Rel-18 NES cannot be reused for SBFD enhancements.

In Figure 7, an example is provided of a scenario with a sequence of DL non-SBFD symbols, SBFD symbols (referred by ‘X’), and UL non-SBFD symbols, where the SBFD symbols comprise two non-contiguous DL sub-bands. Here, the BWP comprises 3 DL sub-bands, where DL SB#0 and DL SB#2 are associated with the two non-contiguous sub-bands of the SBFD symbols as well as the DL non-SBFD symbols, and DL SB#1 is associated with the DL non-SBFD symbols only. While the CSI reporting may be perceived to be symbol-type sensitive, i.e., CSI corresponding to DL non-SBFD symbols and DL sub-bands of SBFD symbols are reported separately, it is clear that for each sub-band, specific CSI measurements, e.g., PMI with sub-band format, are expected to be the same across both DL non-SBFD symbols and DL SBFD symbols over the same sub-band. On the other hand, CQI with wideband format is expected to vary over DL non-SBFD symbols and DL SBFD symbols, due to the absence of DL SB#1 in the latter case. Given that, further study on whether/how CSI reporting is pursued for SBFD framework, e.g., symbol-type specific or sub-band specific, is needed.
[bookmark: _Hlk158907097]Proposal 16: Study whether different report quantities corresponding to CSI reporting, e.g., PMI/RI/CQI for SBFD framework are reported per sub-band or per slot type.
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Figure 7: Example of a sequence of TDD slots comprising SBFD symbols with two non-contiguous DL SBs.
CLI-RSSI 
In TR 38.858 [2], the following is stated concerning UE-to-UE CLI-RSSI measurement/report across downlink subbands. 
	 [TR 38.858 [2] Section 6.2]

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.



As captured in TR 38.858 [2], both Alt#1 and Alt#2 are supported in existing specifications. However, Alt#1 would double the CLI-RSSI measurement and reporting resources, while Alt #2 is based on an optimistic assumption that the CLI-RSSI measurements on the two DL subbands are symmetric, which is a weak assumption in practice, and we may end up over/under-estimating the actual CLI-RSSI level on the other DL subband. On the other hand, Alt#3 seems to be very similar to that of CSI-RS resources, and therefore, can be handled similarly, i.e., similar to Modified Option 2-2 illustrated in Figure 5. Comparing to the first two methods, Alt#3 has potential of obtaining accurate CLI-RSSI measurements, while at the same time reducing the number of CLI-RSSI measurements resources.     
[bookmark: _Hlk158276397]Proposal 17: For UE-to-UE CLI-RSSI measurement/report across downlink subbands, support Alt#3 of the agreement made in TR 38.858. 
· Alt#3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
UL transmissions across SBFD and non-SBFD symbols
[bookmark: _Hlk127451752]In addition to the time and frequency location of SBFD UL subband, information on subcarrier spacing, a cyclic prefix (CP) type, and uplink configurations such as PUSCH, PUCCH, RACH, CG-PUSCH, and/or SRS configurations may also be included within the explicit configurations of SBFD UL subband. To limit the configuration signaling overhead, uplink configurations (e.g., PUCCH, PUSCH, SRS, RACH) of the SBFD UL subband can be provided by a bandwidth part (BWP) ID. Thus, the UE determines the uplink configurations from configurations of an UL BWP indicated by the BWP ID. Additionally, the subcarrier spacing and the CP type for the SBFD UL subband can be assumed to be the same as subcarrier spacing and CP type of the indicated UL BWP, if the subcarrier spacing and the CP type are not separately configured for the SBFD UL subband. However, when a UE determines uplink configurations of an SBFD UL subband from configurations of an UL BWP indicated by a BWP ID, some resource configurations of the UL BWP may not be directly applicable to the SBFD UL subband. For example, if a CG PUSCH resource configured in the UL BWP indicated by the BWP ID is not confined within the SBFD UL subband, the corresponding CG PUSCH configuration is excluded for SBFD operation. In this case, a separate CG PUSCH configuration might be provided for CG transmission in the SBFD UL subband. Figure 6 shows an example SBFD UL subband configured in 2 slots within every 5 slots (i.e., a DL-UL pattern of periodicity of 5 slots). The uplink configurations of the SBFD UL subband are derived from UL BWP 1 configuration parameters.  
[bookmark: _Hlk157616527]Proposal 18: PUSCH/PUCCH/CG-PUSCH/RACH/SRS configurations in a UL subband for SBFD operation can be derived from an associated UL BWP (UL BWP ID). Separate CG PUSCH/PUCCH/RACH/SRS configuration(s) can be provided for the SBFD UL subband.
[image: ]
[bookmark: _Ref82174233]Figure 8: Full duplex UL subband overlapping with a DL BWP. 

PUSCH
In legacy, for PUSCH repetition type A and TBoMS, the UE determines  slots for a PUSCH transmission. If AvailableSlotCounting is enabled, a slot is not counted in the number of  slots for PUSCH transmission of a PUSCH repetition Type A if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst. 
For dynamic grant (DG) or CG, some PUSCH transmissions of PUSCH repetition type A or TBoMS would be at symbols/slots with a full duplex UL subband and the other PUSCH transmissions would be in normal symbols/slots without the full duplex UL subband, the PUSCH transmission in SBFD symbols/slots could be outside UL subband. For dynamic grant, gNB could handle this case by limiting all the repetitions inside the UL subband, but for CG, the handling might be difficult, and limiting all repetitions in the UL subband is not efficient. Then how to determine the resources to transmit the PUSCH transmission of PUSCH repetition type A or TBoMS in SBFD slots and non-SBFD symbols/slots should be studied. Two potential enhancements can be considered. 
· Option 1: For PUSCH repetition Type A or TBoMS transmission, if a PUSCH transmission in a slot is outside the UL subband, and overlaps with SBFD symbol or slot, the slot is not counted in the number of  slots for PUSCH transmission if AvailableSlotCounting is enabled; otherwise, the PUSCH transmission in the slot is cancelled. This option is simple but has scheduling restrictions and resource utilization inefficiencies for PUSCH repetition Type A or TBoMS. 
· Option 2: Two different frequency domain resource could be determined separately for the PUSCH transmissions of PUSCH repetition type A or TBoMS at SBFD and non-SBFD symbols/slots with the frequency domain resource for SBFD symbol/slot restricted to within the UL subband. As for how to determine two different frequency domain resources for the PUSCH transmissions of PUSCH repetition type A or TBoMS at SBFD and non-SBFD symbols/slots could be studied further. This option can provide higher resource utilization efficiency compared to Option 1. 
Similar enhancements could be used for PUSCH repetition type B taking into consideration there could be two type of definition including nominal repetition and actual repetition. Therefore, we should determine the cancelled repetition is a nominal repetition or an actual repetition in option 1, and the two different frequency domain resource could be determined separately for nominal repetition or actual repetition in option 2.
[bookmark: _Hlk157616538]Proposal 19: For PUSCH repetition type A/B and TBoMS across SBFD and non-SBFD symbols/slots, two frequency domain resources could be determined separately for SBFD and non-SBFD symbols/slots.
PUCCH
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Similarly, for PUCCH transmission with repetition, some of PUCCH transmissions might be in SBFD symbols and others may be in non-SBFD symbols, then how to determine the resources to transmit the PUCCH transmission in SBFD symbols and non-SBFD symbols should also be studied. For example, in case the PUCCH resources configured for the active UL BWP is within the frequency range of the UL subband, it can be considered to reuse the PUCCH resources for the PUCCH repetition in the UL subband. Otherwise, two PUCCH resource set could be configured or two PUCCH resource associated with same PUCCH index within one PUCCH resource could be considered for PUCCH transmissions in SBFD and non-SBFD symbols. Besides, resource determination for the cases of PUCCH frequency hopping and non-hopping should be considered.
[bookmark: _Hlk157616549]Proposal 20: For PUCCH repetition across SBFD and non-SBFD symbols/slot, the PUCCH resources configured for the active BWP can be reused in case the resources is within the frequency range of the UL subband. Otherwise, two PUCCH resources could be determined separately for SBFD and non-SBFD symbols/slots.
UL Power Control (PC) 
In TR 38.858 [2], the following is captured regarding several UL transmissions on SBFD symbols and non-SBFD symbols in different slots, including whether/how to have separate UL PC parameters in the different slots. 
	[TR 38.858 [2] Section 6.1.2]

For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, it may be beneficial to have separate resources, FH parameters, UL power control parameters and/or beam/spatial relation.



The motivation for having different UL PC parameters for different time slots is based on the assumption/expectation that the UL interference level observed by a gNB during the SBFD slots would be higher than the UL interference level observed during the non-SBFD slots. In some scenarios, such an assumption/expectation is true when considering the fact that the number of UL interference sources during the SBFD slots is larger than that during the non-SBFD slots. In contrast to the non-SBFD slots, where the UL interference comes mainly from the UL transmissions of other UEs, SBFD slots have in addition both self-interference and inter-gNB interference sources that are originated from the DL transmissions from the same gNB and the other (nearby and co-located) gNBs, respectively. Therefore, as captured in TR 38.858 [2], it may be beneficial to have separate UL PC parameters to enhance the UL transmission in different time slots, where the general assumption is that the UL PC parameters configured for SBFD slots will result in a higher UL PC level than that configured for non-SNFD slots, e.g., to compensate for the higher UL interference level. However, needless to say that the UL interference level observed by a gNB during a time slot is dependent on several factors, including the deployment scenario, the channel and traffic conditions, the coordination level between nearby gNBs, the adopted self-interference and inter-gNB CLI handling methods, etc, where some of these factors are up the gNBs decision and implementations. With the dynamic configurations of UL PC parameters, the gNB can dynamically adjust the configured UL PC parameters for a time slot based on, e.g., the expected and/or measured self-interference and inter-gNB interference at the gNB. However, with the semi-static configurations of UL PC parameters, the UE may end up using a higher UL PC level than required on a (SBFD) time slot, e.g., due to the change of the expected and/or measured self-interference and inter-gNB interference at the gNB. 
[bookmark: _Hlk158907147]Observation 4: The UL interference level observed by a gNB during a time slot is highly dependent on the deployment scenario, the channel and traffic conditions, the coordination level between nearby gNBs, as well as the adopted self-interference and inter-gNB CLI handling methods.  
Proposal 21: For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, support having separate UL power control parameters. 
· FFS: How to indicate separate UL power control parameters to the UEs.
UE collision handling in time domain

Besides the possible mismatch between configured resource for a CG PUSCH and the SBFD UL subband described in section 4, collision may also happen between UL/DL in time domain, for example, between the UL transmission in SBFD UL subband and DL reception in the DL subband within SBFD symbols, especially when both the UL transmission and the DL reception are configured by RRC message. In this case, potential enhancements should be studied on determining the channels or signals to be transmitted/received. 
[bookmark: _Hlk157616555]Proposal 22: Study potential enhancements for UL/DL collision handling within SBFD symbols in time domain for use case when both UL and DL are configured by RRC message.
Another use case is the dynamic scheduled DL receptions colliding with semi-statically configured UL transmissions in the SBFD symbols. The collision handling for this case could be aligned with the solutions specified for collision handling in legacy flexible symbols, where in general dynamic scheduled DL receptions have higher priority than the semi-statically configured UL transmissions. It is noted though, in legacy the priority also depends on whether time gap between the DCI reception (for DL indication) and semi-statically configured UL transmission is larger than the PUSCH preparation time. If not, the UE might not cancel the semi-statical configured UL transmissions. 
[bookmark: _Hlk157616561]Proposal 23: Study potential enhancements for UL/DL collision handling within SBFD symbols in time domain for use case of dynamic scheduled DL receptions colliding with seme-statically configured UL transmissions.
In carrier aggregation scenario, considering that the TDD format for different cells could be different, and UE may not support transmission and reception in the same symbol, some UE behaviour for HDCA is defined in the specification TS 38.213 to determine whether UE should transmit or receive in the symbol. If at least one cell is configured with SBFD symbol, the collision handling rules should also take the SBFD symbol into consideration.
[bookmark: _Hlk157616566]Proposal 24: Study potential enhancements for UL/DL collision handling in HDCA scenario for use case such as one cell is configured with SBFD symbol.
Conclusions
In summary, we propose the followings for Rel-19 NR subband non-overlapping full duplex operation:
	Proposal 1: SBFD slots/symbols should be consecutive within a TDD UL/DL periodicity.

	Proposal 2:  The location of the SBFD slots/symbols should precede and/or follow the UL-only slots/symbols, if configured. 

	Proposal 3: A slot can consist of both SBFD and non-SBFD symbols.

	Proposal 4: In the case that a UE is configured with two TDD UL/DL patterns by TDD-UL-DL-ConfigCommon, study the following two options.
· Option 1: A specific SBFD pattern is associated with only one TDD UL/DL pattern. 
· Option 2: A single SBFD pattern is associated with two TDD UL/DL patterns. 

	Proposal 5: Support Option 2 in TR 38.858 regarding frequency location configuration of DL subband(s) and guardband(s) if any. 
· 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).

	Observation 1: Indicating the number of RBs/RBGs of an UL subband as a percentage value of, e.g., the total number of RBs/RBGs within the target BWP requires, in general, less indication overhead. 

	Proposal 6: The semi-static indication of frequency location of SBFD UL subband is indicated explicitly via a start RB/RBG and a number of RBs/RBGs values and the number of RBs/RBGs is indicated as a percentage value of a total number of RBs/RBGs.

	Proposal 7: RAN1 to agree on a minimum and a maximum frequency size of a SBFD UL subband.

	Proposal 8: For SBFD-aware UEs, for DL receptions outside semi-statically configured DL subband(s) in the symbol configured as DL in TDD-UL-DL-ConfigCommon:
· (modified) Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed excluding the UL subband region. 

	Proposal 9: For SBFD-aware UEs, for DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband in the symbol configured as flexible in TDD-UL-DL-ConfigCommon:
· (modified) Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed excluding the UL subband region. 
· UL transmissions outside the semi-statically configured UL subbands are not allowed.

	Proposal 10: For PDSCH reception with downlink type 0 resource allocation or with non-interleaved downlink type 1 resource allocation, a SBFD aware UE performs rate matching around the SBFD UL subband.

	Proposal 11: For SBFD-aware UEs and PRG(s) with size of 2 and 4 that overlaps with subband boundary, the actual number of consecutive PRBs in each PRG can be one or more and not always equal to the configured precoding granularity as already supported in current TS 38.214 specification.

	Proposal 12: For PDSCH reception with interleaved downlink type 1 resource allocation, a SBFD aware UE indexes VRBs and defines resource block bundles based on resource blocks not overlapping with the SBFD UL subband. 

	Observation 2: SBFD UL subband may cause frequency resource fragmentation for CORESET resource on SBFD symbols. 

	Proposal 13: For CORESET frequency resource allocation in SBFD symbols, support RB offset to CORESET RB groups on SBFD symbols.  

	Proposal 14: For non-contiguous frequency-domain resource allocation for CSI-RS, support configuring one CSI-RS resource, i.e., Option 2 in TR 38.858.

	Proposal 15: For frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, study the following modification to Option 2-2 captured in TR 38.858 [2]:
Option 2-2 (Modified): One contiguous CSI-RS resource allocation with contiguous CSI-RS resource derived by wrapping-around the frequency resources over the two DL subbands.

	Observation 3: If different antenna configurations in SBFD and non-SBFD slots/symbols are used, the CSI reporting Option 1-1 in TR 38.858 should be supported. 

	Observation 4: The CSI framework of Rel-18 NES cannot be reused for SBFD enhancements.

	Proposal 16: Study whether different report quantities corresponding to CSI reporting, e.g., PMI/RI/CQI for SBFD framework are reported per sub-band or per slot type.

	Proposal 17: For UE-to-UE CLI-RSSI measurement/report across downlink subbands, support Alt#3 of the agreement made in TR 38.858. 
· Alt#3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands.

	Proposal 18: PUSCH/PUCCH/CG-PUSCH/RACH/SRS configurations in a UL subband for SBFD operation can be derived from an associated UL BWP (UL BWP ID). Separate CG PUSCH/PUCCH/RACH/SRS configuration(s) can be provided for the SBFD UL subband.

	Proposal 19: For PUSCH repetition type A/B and TBoMS across SBFD and non-SBFD symbols/slots, two frequency domain resources could be determined separately for SBFD and non-SBFD symbols/slots.

	Proposal 20: For PUCCH repetition across SBFD and non-SBFD symbols/slot, the PUCCH resources configured for the active BWP can be reused in case the resources is within the frequency range of the UL subband. Otherwise, two PUCCH resources could be determined separately for SBFD and non-SBFD symbols/slots.

	Observation 4: The UL interference level observed by a gNB during a time slot is highly dependent on the deployment scenario, the channel and traffic conditions, the coordination level between nearby gNBs, as well as the adopted self-interference and inter-gNB CLI handling methods.  

	Proposal 21: For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, support having separate UL power control parameters. 
· FFS: How to indicate separate UL power control parameters to the UEs.

	Proposal 22: Study potential enhancements for UL/DL collision handling within SBFD symbols in time domain for use case when both UL and DL are configured by RRC message.

	Proposal 23: Study potential enhancements for UL/DL collision handling within SBFD symbols in time domain for use case of dynamic scheduled DL receptions colliding with seme-statically configured UL transmissions.

	Proposal 24: Study potential enhancements for UL/DL collision handling in HDCA scenario for use case such as one cell is configured with SBFD symbol.
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