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Introduction
In RAN1 #112 meeting, following agreements and conclusions on subband non-overlapping full duplex were achieved [1]:
Agreement
For dynamic SBFD,
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed
Dynamic SBFD should be compared with dynamic TDD and/or semi-static SBFD in terms of performance, implementation complexity, switching latency.
For each option, additional conditions may apply to determine whether the option is applicable.
Agreement
Study whether or not a slot can consist of both SBFD and non-SBFD symbols including
· Benefits
· Use cases
· Scheduling flexibility
· Implementation complexity 
· Compatibility with legacy TDD DL/UL configuration
Agreement
For inter-UE inter-subband CLI measurement, study at least the following methods:
· Method#1: victim UE measures RSSI within DL subband
· FFS: Whether SINR can be measured
· Method#2: victim UE measures RSRP of aggressor UE within UL subband
· Method#3: victim UE measures RSSI within UL subband 
· Note: the restriction in Rel-16 that CLI is only measured within DL BWP does not forbid UE to measure CLI in UL subband when UL subband is confined within DL BWP.
Agreement:
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols)
· Study the following options for SBFD-aware UEs:
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
· PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH
Agreement
For SBFD-aware UEs, study the at least following options for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands. For an RBG that overlaps the subband boundary,
· Option 1: 
· Part of the DL RBG inside the DL subband can be used
· Part of the UL RBG inside the UL subband can be used
· Option 2: 
· Part of the DL RBG inside the DL subband cannot be used
· Part of the UL RBG inside the UL subband cannot be used
FFS: The part of the RBG outside.

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

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

Agreement:
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS, at least, across SBFD symbols and non-SBFD symbols in different slots (each CSI-RS resource within a slot has either all SBFD or all non-SBFD symbols):
· Option 1: separate CSI reporting for SBFD symbols and non-SBFD symbols
· Option 2: same CSI reporting for SBFD symbols and non-SBFD symbols
Agreement:
Study at least the followings for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots:
· Whether/how to have separate resources 
· Whether/how to have separate FH parameters
· Whether/how to have separate UL power control parameters 
· Whether/how to have separate beam/spatial relation
In this document, we further discuss potential enhancements on subband non-overlapping full duplex.
Discussion 
1.1 SBFD configuration  
Frequency resource indication of SBFD 
Both SBFD and TDD configuration are transmission direction assignment mechanisms and TDD configuration is existing mechanism. So when SBFD mechanism is designed, cooperation between SBFD and TDD configuration should be considered. Considering in real deployment, semi-static TDD configuration is prevailing, so semi-static SBFD with assumption of semi-static TDD configuration should be high priority. If dynamic TDD configuration needs to be considered, cooperation between Semi-static SBFD and dynamic TDD configuration can be considered to ensure backward compatibility. Once dynamic TDD configuration is supported, dynamic SBFD configuration does not offer a performance advantage [2]. So, dynamic SBFD configuration is not necessary to be considered in this release.
Proposal 1:   SBFD design should be considered with TDD configuration:
· Semi-static SBFD on top of semi-static TDD configuration is with high priority.
· If dynamic TDD is supported, cooperation between semi-static SBFD and dynamic TDD configuration needs to be considered to ensure backward compatibility.
· Dynamic SBFD is not necessary to be considered in Rel-18 SI.
When UL subband is configured in flexible symbol that is at least configured by tdd-UL-DL-ConfigurationCommon,  procedure in the resources outside the UL subband needs to be clarified. So there are three options of procedure in flexible symbol:
· Option 1: For SBFD-aware UE, the flexible symbol configured by tdd-UL-DL-ConfigurationCommon should be configured as DL symbol by tdd-UL-DL-ConfigurationDedicated  or only DL transmission can be scheduled in the resources outside the UL subband in the flexible symbol. It means that  the resources outside the UL subband is regarded as DL subband and guard band.
· Option 2: No restriction on TDD configuration and scheduling. SBFD configuration overrides UE dedicated TDD configuration on flexible symbol. For example, whatever the flexible symbol configured by tdd-UL-DL-ConfigurationCommon is configured  by tdd-UL-DL-ConfigurationDedicated, the flexible symbol configured by UL subband is always regarded as SBFD symbol, including UL subband, DL subband and guard band.
· Option 3: No restriction on TDD configuration and scheduling. The resources outside the UL subband depend on TDD configuration and scheduling. To be more specific, if the SBFD symbol is configured as flexible symbol and is further indicated as UL symbol, the resources outside of UL subband can be also used for UL transmission and the symbol is regarded as UL symbol; if the SBFD symbol is configured as flexible symbol and is further indicated as DL symbol, the resources outside of UL subband and guard band can be regarded as DL subband.
If the motivation to support UL subband in flexible symbol is to allow that legacy UE can also be scheduled by UL transmission in UL subband or DL reception in DL subband flexibly, the resources  outside the UL subband is definitely DL subband and guard band for SBFD-aware UE. In this case, option 1 and option 2 are reasonable and avoid complex implementation, otherwise, option 3 should be considered.
Furthermore, DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed in a symbol configured as flexible in TDD-UL-DL-ConfigCommon. Similarly,  DL receptions outside semi-statically configured DL subband(s) are not allowed in a symbol configured as DL in TDD-UL-DL-ConfigCommon. 
Proposal 2: Semi-static SBFD should be supported with the following restriction:
· DL receptions outside semi-statically configured DL subband(s) are not allowed in a symbol configured as DL in TDD-UL-DL-ConfigCommon. 
· DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed in a symbol configured as flexible in TDD-UL-DL-ConfigCommon. 
Frequency resources of UL subband and guard band are indicated explicitly and the frequency resources other than those used for UL subband and guard band can be derived implicitly, because
· Frequency-domain structure of SBFD can be either {D1-U-D2} or {U,D}. What’s more, there can be various combinations of D1 and D2 for {D1-U-D2}. So it is not straight-forward and efficient in signaling overhead to explicitly indicate DL subbands.
· UL subband is defined per cell or carrier, not per BWP. So the DL subband, if explicitly configured, should also be carrier-wise. This could complicate the resource allocation in scheduling, which is done per BWP, because the resource allocation may need to check against three independently configured subbands.  
· The two most outer edges of D1 and D2 are indeed the two edges of whole carrier. The explicit of full indication of D1 and D2 leads to redundant/unnecessary configurations of carrier edges. 
Proposal 3: Besides UL subband, guard band is indicated explicitly. In contrast, RAN1 does not target to an explicit definition of DL subband in future normative work.
Frequency location of subband with reference to CRB grid has been agreed. However, due to size of BWP can be smaller than the whole bandwidth of carrier, frequency resource of SBFD may be within one active BWP or out of active BWP. So the active UL/DL subband should be intersection part of active BWP and configured UL/DL subband. As shown in Figure 1, active UL subband is a subset of configured UL subband for BWP1; there is no active UL subband for BWP2; and active UL subband is the same as configured UL subband in BWP3.
[image: IMG_256]
Figure 1 Frequency resource of SBFD
Proposal 4: The effective UL/DL resources scheduled for traffic transmission over SBFD symbol should be within intersection part of active BWP and configured UL/DL subband.
The same UL subband location (including size) should be kept the same over SBFD symbols to relax SBFD implementation in gNB. Meanwhile, demodulation performance requirements for different data, e.g. broadcast signaling and traffic data, can be different, and the severity of CLI impact can be pathloss dependent, which is also UE-specific. So it is beneficial to allow different sizes of guard band in different SBFD symbols. If CLI can be fully handled by gNB and no enhancement of interference filtering is required in UE RF, the frequency locations/sizes of DL subband can be different in different SBFD symbols.
Proposal 5: Both guard band size and DL subband size can vary over different SBFD symbols.
Time resource indication of SBFD 
SBFD operation is on top of TDD configuration to improve UL transmission latency and converge, so time resource configuration of SBFD should depend on TDD configuration, and the periodicity for time resource configuration of SBFD should align with periodicity of TDD configuration. If RAN1 can assess that the contiguous SBFD symbols in a periodicity or sub-periodicity is beneficial and the baseline configuration, a SLIV type time resource indication can be also considered in RRC configuration. 
In addition, UE-specific SBFD configuration should be supported, because otherwise
· The cell-specific SBFD configuration is only beneficial to support PRACH in SBFD symbols, which however may need to skip the UE dedicated reporting of its SBFD capability. 
· RAN1 needs to introduce additional logic for the prioritization between a cell-specific SBFD configuration and a UE-specific tdd-UL-DL-ConfigurationDedicated configuration.
Proposal 6: The periodicity for time resource configuration of SBFD should align with periodicity of TDD configuration.
Proposal 7: UE-specific SBFD configuration should be supported.
For TDD configuration, transmission direction can be indicated per symbol. SBFD configuration is on top of TDD configuration, so SBFD configuration should be symbol-level to align TDD configuration. Moreover, Only DL symbol and flexible symbol in a slot with symbol-level TDD configuration of {DDDDDFFUUUUUUU} can be indicated as SBFD-symbol. Otherwise, some specification work on SBFD operation in UL symbol needs to be discussed. Symbol-level SBFD configuration can improve system efficiency to some extent by refining resource assignment accuracy.
Proposal 8: One slot can consist of both SBFD and non-SBFD symbols to align symbol-level TDD configuration.
SBFD operation in SSB symbols is not preferred to avoid impact on SSB from inter-UE inter-band CLI perspective. Moreover, because SSB signaling is a broadcast signaling with high power to cover one cell range, self-interference from SSB may not be as easy to be canceled as other DL signal. At last, the traditional logic in the existing specification is that SSB always wins in the collision handling against other signals, so if the same logic is followed, it does not make sense to configure UL subband in SSB symbol because UL transmission always loses to SSB reception anyway. 
Proposal 9: SBFD operation (i.e., UL subband configuration) is not supported in SSB symbols.
Although the half-duplex collision could happen between DL and UL for any combination of dynamic operation and semi-static operation, there are two kinds of UL-DL collisions that deserve specification handling:
· Collision between semi-static UL transmission (e.g. periodic SRS/CSI reporting, PUCCH for SPS HARQ-ACK and CG PUSCH) and dynamic DL scheduled reception (e.g. DCI-scheduled PDSCH)
· Collision between semi-static DL reception (e.g. periodic CSI-RS and SPS) and dynamic UL transmission (e.g. DG-PUSCH/A-SRS/PUCCH triggered by DCI)
As a general rule to support gNB to schedule/grant resources for urgent traffic, dynamic transmission/reception is generally prioritized over semi-static transmission/reception.
Proposal 10: In the UE handling of half-duplex collision, dynamic transmission/reception is generally prioritized over semi-static transmission/reception. 
New UE behaviors for SBFD aware UEs
· TB size determination








According to current spec, TB size is determined by total REs numberand transmission scheme of PDSCH, including code rate , modulation  and transmission layer . Total RE number  is determined by RE number per RB and RB number , i.e..  However, with SBFD operation on gNB side, the PDSCH resource allocated to a UE (UE-A) may overlap with UL subband that is used for UL transmission of another UE (UE-B), therefore the PDSCH transmission  for UE-A may not be able to use the RBs overlapping with UL subband and the guard bands (if any) around the UL subband. Because the total size of UL subband and the guard band can be large enough to be comparable to resources allocated to PDSCH itself,  the amount of RBs used to determine the TB size should not count the RBs overlapping with UL subband and the guard bands (if any) around the UL subband.
Proposal 11:  The amount of RBs used to determine the PDSCH TB size does not count the RBs overlapping with UL subband and the guard bands (if any) around the UL subband.
· Frequency resource allocation and RBG size determination
In current spec, frequency resource allocation range and RBG size are determined by active BWP size. However, when UL subband is introduced, the effective UL/DL bandwidth available in the BWP may become smaller, which gives a chance to make the resource allocation granularity finer to improve resource utilization efficiency.
Proposal 12:  Frequency resource allocation range and RBG size are determined based on effective size of UL/DL subband resources that fall into the active BWP.
Each transmission/reception within a slot has either all SBFD or all non-SBFD symbols. For dynamic transmission, it is easier to ensure that each transmission/reception within a slot has either all SBFD or all non-SBFD symbols by reasonable schedule. For semi-static transmission, transmission/reception in different periods may occur in different slot type or different symbols within one slot, so it is not easy to always allocate transmission/reception in each period in either all SBFD symbols or all non-SBFD symbols. Taking 1-slot period CG as an example, CG PUSCH is inevitably allocated in a slot with DL, UL and Flexible symbol and PUSCH duration may consist of DL symbol with UL subband (SBFD-symbol) and UL symbol (non-SBFD symbol). And to avoid complex specification and implementation work, CG PUSCH including both SBFD-symbol and non-SBFD symbol can be dropped.
Proposal 13: Each transmission/reception within a slot has either all SBFD symbols or all non-SBFD symbols.
· Appropriate scheduling ensures the dynamic transmission/reception within a slot has either all SBFD symbols or all non-SBFD symbols.
· CG PUSCH/SPS PDSCH overlapping with both SBFD-symbol and non-SBFD symbol is dropped.
· PUCCH/PUSCH/PDSCH repetition
In current specification, PUCCH/PUSCH/PDSCHs can be repeatedly transmitted in multiple slots. When it comes to SBFD operation, there can be two slot types: SBFD slot vs. non-SBFD slot. In these two types of slots, valid resources are different and may impact the legacy repetitions of a given channel. There are three potential schemes to sort out this repetition issue:
· Scheme 1: A PUCCH/PUSCH/PDSCH can be repeated within non-SBFD slots or within SBFD slots, but not between a SBFD slot and a non-SBFD slot. For this scheme, the existing transmission scheme can be reused directly.
· Scheme 2: A PUCCH/PUSCH/PDSCH can be repeated between SBFD slot and non-SBFD slot, and the same frequency-domain RB resources are used in both types of slots. In other words, the valid RB resource for the first PUCCH/PUSCH/PDSCH repetition is mandated in subsequent slots.
· Scheme 3: A PUCCH/PUSCH/PDSCH can be repeated between SBFD slot and non-SBFD slot, and different frequency-domain RB resources can be used in different types of slots. In other words, the valid RB resources for PUCCH/PUSCH/PDSCH repetition are determined separately in SBFD slots and non-SBFD slots.
We prefer the scheme with the smallest specification complexity.
Proposal 14: A PUCCH/PUSCH/PDSCH can be repeated within non-SBFD slots or within SBFD slots, but not between a SBFD slot and a non-SBFD slot.  
For semi-static transmission, it is not easy to ensure that the same slot type between SBFD-slot and non-SBFD-slot is used in every transmission period. So, different slot types from {SBFD slot, non-SBFD slot} are allowed across different transmission/reception occasions for SPS PDSCH and CG PUSCH. The same frequency-domain RB resources are used in both types of slots. 
Proposal 15: SPS PDSCH and CG PUSCH in different period may allocate in different slot type, i.e. SBFD slot or non-SBFD slot.
[bookmark: _GoBack]For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, the resource including frequency hopping parameters can be configured separately to ensure that SRS/PUCCH/PUSCH is allocated within UL resource. Moreover, separate UL power control parameter, e.g. target receive power, can be configured to improve receive SINR in SBFD symbol.
Proposal 16: Separate configuration parameters apply between SBFD symbol and non-SBFD symbol for resource allocation, frequency hopping and UL power control.
Conclusions
In this contribution, we discuss subband non-overlapping full duplex with the following observations and proposals:
Proposal 1:   SBFD design should be considered with TDD configuration:
· Semi-static SBFD on top of semi-static TDD configuration is with high priority.
· If dynamic TDD is supported, cooperation between semi-static SBFD and dynamic TDD configuration needs to be considered to ensure backward compatibility.
· Dynamic SBFD is not necessary to be considered in Rel-18 SI.
Proposal 2: Semi-static SBFD should be supported with the following restriction:
· DL receptions outside semi-statically configured DL subband(s) are not allowed in a symbol configured as DL in TDD-UL-DL-ConfigCommon. 
· DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed in a symbol configured as flexible in TDD-UL-DL-ConfigCommon. 
Proposal 3: Besides UL subband, guard band is indicated explicitly. In contrast, RAN1 does not target to an explicit definition of DL subband in future normative work.
Proposal 4: The effective UL/DL resources scheduled for traffic transmission over SBFD symbol should be within intersection part of active BWP and configured UL/DL subband.
Proposal 5: Both guard band size and DL subband size can vary over different SBFD symbols.
Proposal 6: The periodicity for time resource configuration of SBFD should align with periodicity of TDD configuration.
Proposal 7: UE-specific SBFD configuration should be supported.
Proposal 8: One slot can consist of both SBFD and non-SBFD symbols to align symbol-level TDD configuration.
Proposal 9: SBFD operation (i.e., UL subband configuration) is not supported in SSB symbols.
Proposal 10: In the UE handling of half-duplex collision, dynamic transmission/reception is generally prioritized over semi-static transmission/reception. 
Proposal 11:  The amount of RBs used to determine the PDSCH TB size does not count the RBs overlapping with UL subband and the guard bands (if any) around the UL subband.
Proposal 12:  Frequency resource allocation range and RBG size are determined based on effective size of UL/DL subband resources that fall into the active BWP.
Proposal 13: Each transmission/reception within a slot has either all SBFD symbols or all non-SBFD symbols.
· Appropriate scheduling ensures the dynamic transmission/reception within a slot has either all SBFD symbols or all non-SBFD symbols.
· CG PUSCH/SPS PDSCH overlapping with both SBFD-symbol and non-SBFD symbol is dropped.
Proposal 14: A PUCCH/PUSCH/PDSCH can be repeated within non-SBFD slots or within SBFD slots, but not between a SBFD slot and a non-SBFD slot.  
Proposal 15: SPS PDSCH and CG PUSCH in each period may allocate in different slot type, i.e. SBFD slot or non-SBFD slot. 
Proposal 16: Separate configuration parameters apply between SBFD symbol and non-SBFD symbol for resource allocation, frequency hopping and UL power control.
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