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Introduction
[bookmark: _Hlk53783455][bookmark: _Hlk53780111]During RAN1#109-e meeting, RAN1 made the following agreements for sub-band non-overlapping full duplex operation in NR  [1]:
Agreement
Study whether/how to inform the UE of the time and/or frequency location of subbands that gNB would use for SBFD operation.

Agreement
Study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation.

Agreement
At least study SBFD operation within a TDD carrier.

Conclusion
For discussion purpose only, SBFD symbol is defined as symbol with subbands that gNB would use for SBFD operation. 

Conclusion
For discussion purpose, for SBFD operation within a TDD carrier, a SBFD subband consists of 1 RB or a set of consecutive RBs for the same transmission direction.

Agreement
The time and frequency location of subbands within a TDD carrier are not fixed in the specification.
· Subject to any RAN4 guidance on minimum or maximum subband and guardband size and subband location within TDD carrier. 
· Note that whether the time and/or frequency location of subbands are informed to UE is separately discussed.

In this contribution, we discuss potential enhancements to enable sub-band non-overlapping full duplex operation in NR. 
Implicit vs. explicit sub-band full duplex (SBFD) operation 
Sub-band full duplex operation (SBFD) aims at extending a duration over which uplink transmissions can occur without causing significant interference issues, in order to improve uplink coverage and capacity and to reduce latency in unpaired spectrum. Simultaneous usage of downlink (DL) and uplink (UL) is only at gNB and not at UE side. 
Regarding whether and how to determine a sub-band structure in time and frequency domains, two approaches can be considered as follows:
· Implicit SBFD operation: Flexible symbols are configured based on Rel-15 NR TDD mechanisms such as a cell-specific TDD UL/DL configuration, a UE-specific TDD UL/DL configuration, and a dynamic slot format indicator (SFI). UE receives in a DL sub-band or transmits in an UL sub-band based on gNB scheduling in the flexible symbols and does not determine a sub-band region explicitly. 
· Explicit full duplex sub-band configuration:  UE is indicated a sub-band region explicitly based on specific gNB configurations. The sub-band region is not necessarily within flexible symbols configured by the legacy TDD configuration. 
While implicit SBFD operation does not require an explicit RRC configuration signalling, it requires gNB to transmit a dynamic slot format indication and/or scheduling DCI. When a UE scheduled/configured to transmit or receive in a full duplex sub-band misses the dynamic slot format indication or the scheduling DCI, throughput gains and/or latency reduction from the full duplex operation may be limited. Further, DCI based sub-band full duplex operation is expected to increase PDCCH overheads and may increase UE power consumption from increased PDCCH monitoring.
With semi-static full duplex sub-band configuration, gNB can semi-statically configure UL resources (e.g. SRS, PUCCH, or configured grant (CG) PUSCH) with guaranteed transmission opportunities. Further, interference caused by full duplex operation can be more accurately assessed through guaranteed transmission opportunities.       
Observation 1: Implicit SBFD operation may result in limited full duplex operation gains due to DCI misdetection, while semi-static full duplex sub-band configuration can provide guaranteed transmission opportunities. 
Proposal 1:  Support explicit sub-band configuration for sub-band full duplex operation.
Sub-band configuration for SBFD
For explicit sub-band configuration, UE can receive information of a time and frequency resource (i.e. full duplex UL sub-band) for UL transmission on symbols configured as DL or flexible symbols, where the configuration of symbols as DL, UL, or flexible symbols is provided by tdd-UL-DL-ConfigurationCommon and additionally by tdd-UL-DL-ConfigurationDedicated, if configured. The information of full duplex UL sub-band may include a frequency domain location, a time domain allocation, subcarrier spacing, a cyclic prefix (CP) type, and uplink configurations such as PUSCH, PUCCH, RACH, CG-PUSCH, and/or SRS configurations.
Bandwidth part based SBFD
One way to enable sub-band full duplex operation in a cell is to utilize a bandwidth part (BWP) based operation framework of NR. A BWP configuration can naturally configure a sub-band within a carrier. Further, an active BWP can be dynamically switched, if dynamic switching of the active BWP is supported by UE capability. gNB can configure a UE with a BWP-specific communication direction for a given pair of UL and DL BWPs (e.g. UL and DL BWPs with the same BWP-Id), as shown in Figure 1. UL BWP2 in Figure 1 configures a time and frequency resource and corresponding L1/L2 parameters for SBFD operation.   
Observation 2: A BWP configuration can naturally configure a sub-band within a carrier and can configure L1/L2 parameters (e.g. PUSCH, PUCCH, RACH) specific to SBFD operation. 
Proposal 2: Consider a BWP-specific TDD UL/DL configuration for BWP based SBFD operation.
For efficient BWP based sub-band full duplex operation, multiple active BWPs based operation can be considered. That is, two adjacent DL BWPs (e.g. DL BWP1 and DL BWP2 in Figure 1) can be indicated as active DL BWPs, where a first DL BWP is configured for legacy TDD cell operation, and a second DL BWP is configured for SBFD operation. Similarly, two adjacent UL BWPs (e.g. UL BWP1 and UL BWP2 in Figure 1) can be indicated as active UL BWPs, where a first UL BWP is configured for legacy TDD operation, and a second UL BWP is configured for SBFD operation. The second DL/UL BWPs include a BWP-specific TDD UL/DL configuration. UE may use two active DL (or UL) BWPs simultaneously for symbols/slots where the two active DL (or UL) BWPs have the same communication direction (e.g. the first, third, and fifth slots in Figure 1). UE can operate in one of the two active DL (or UL) BWPs, when the second DL/UL BWPs have a different communication direction than the first DL/UL BWPs (e.g. the second slot in Figure 1).
Proposal 3: Study multiple active BWPs based operation for BWP based SBFD operation.   

[bookmark: _Ref110973403]Figure 1 BWP based sub-band full duplex operation 

Full duplex UL sub-band configuration
Another method to enable sub-band full duplex operation in a cell is to directly configure a full duplex UL sub-band via broadcast system information (SI) and/or via a dedicated RRC message. To limit a configuration signaling overhead, uplink configurations (e.g. PUCCH, PUSCH, SRS, RACH) of the full duplex UL sub-band can be provided by a BWP identity. That is, UE determines the uplink configurations from configurations of an UL BWP indicated by the BWP identity. Additionally, the subcarrier spacing and the CP type for the full duplex UL sub-band can be assumed to be 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 full duplex UL sub-band.     
When UE determines uplink configurations of a full duplex UL sub-band from configurations of an UL BWP indicated by a BWP identity, some resource configurations of the UL BWP may not be directly applicable to the full duplex UL sub-band. For example, if a CG PUSCH resource configured in the UL BWP indicated by the BWP identity is not confined within the full duplex UL sub-band, the corresponding CG PUSCH configuration is excluded for SBFD operation. In this case, a dedicated configuration might be provided in the UL BWP for CG transmission in the full duplex UL sub-band. 
Besides, for dynamic grant (DG) or CG, when some PUSCH transmissions of PUSCH repetition type A/B or transport block over multiple slots (TBoMS) would be at slots with a full duplex UL sub-band and the other PUSCH transmissions would be in normal slots without the full duplex UL sub-band, then how to determine the resources to transmit the PUSCH transmission of PUSCH repetition type A/B or TBoMS should also be studied. 
Figure 2 presents an exemplary full duplex UL sub-band configured in 2 slots within every 5 slots (i.e. a DL-UL pattern of periodicity of 5 slots). The uplink configurations of the full duplex UL sub-band are derived from UL BWP1 configuration parameters.  
Proposal 4: Consider signalling of an explicit full duplex sub-band configuration via broadcast system information or via a dedicated RRC message.
Proposal 5: Further study full duplex sub-band configuration with low signalling overhead.


[bookmark: _Ref82174233]Figure 2 Full duplex UL sub-band overlapping with a DL BWP 
UE collision handling in time domain
Besides the possible mismatch between configured resource for a CG PUSCH and the determined full duplex UL sub-band, collision may also happen between UL/DL in time domain, for example, between the UL transmission in full duplex UL sub-band 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. Simply dropping one of them according to some rules is a straightforward way but more potential enhancements should be studied.
Proposal 6: Study potential enhancements for UL/DL collision handling in time domain.
UE-to-UE inter-sub-bands CLI mitigation
For operating subband non-overlapping full duplex at the gNB side, management of inter-sub-bands CLI between different UEs and intra-sub-band CLI between UEs of different cells is important. In Rel-16 specifications, to mitigate CLI between UEs in neighbouring cells, victim UEs can be configured to perform CLI measurements and reporting based on CLI-RSSI and SRS-RSRP. Similar mechanism should be studied for enhancement. For example, victim UEs may perform SRS-RSRP measurement on configured SRS resources for inter-cell intra-sub-band CLI and CLI-RSSI measurement on RSSI resources configured within adjacent DL subbands for inter-sub-band CLI.
In addition, reducing UL transmission power from an aggressor UE and introducing guard band between a full duplex UL sub-band and adjacent DL sub-band(s) should be considered.
Proposal 7: Further study potential schemes for UE-to-UE inter-sub-bands and intra-sub-band CLI mitigation.
Conclusion
In summary, we propose the followings for Rel-18 NR sub-band non-overlapping full duplex operation:
Observation 1: Implicit SBFD operation may result in limited full duplex operation gains due to DCI misdetection, while semi-static full duplex sub-band configuration can provide guaranteed transmission opportunities. 
Proposal 1:  Support explicit sub-band configuration for sub-band full duplex operation.
Observation 2: A BWP configuration can naturally configure a sub-band within a carrier and can configure L1/L2 parameters (e.g. PUSCH, PUCCH, RACH) specific to SBFD operation. 
Proposal 2: Consider a BWP-specific TDD UL/DL configuration for BWP based SBFD operation.
Proposal 3: Study multiple active BWPs based operation for BWP based SBFD operation.   
Proposal 4: Consider signalling of an explicit full duplex sub-band configuration via broadcast system information or via a dedicated RRC message.
Proposal 5: Further study full duplex sub-band configuration with low signalling overhead.
Proposal 6: Study potential enhancements for UL/DL collision handling in time domain.
Proposal 7: Further study potential schemes for UE-to-UE inter-sub-bands and intra-sub-band CLI mitigation.
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