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Introduction
Duplex evolution has been thoroughly studied in Rel-18 [1] to improve conventional TDD operation by enhancing UL coverage, improving capacity, reducing latency, and so forth. The conventional TDD is based on splitting the time domain between the uplink and downlink in a gNB perspective. In the duplex evolution study item for Rel-18, the feasibility of allowing subband non-overlapping full duplex (SBFD), as illustrated in Figure 1, at the gNB within a conventional TDD band has been investigated, while UE is operating with a half-duplex (HD). The realization of SBFD is subject to resolving the key challenges raised due to cross-layer interferences (CLI). In an SBFD (or dynamic/flexible TDD) framework, a potential aggressor cell may switch from UL to DL or vice-versa, causing CLI on potential victim gNBs and UEs. In UL-to-DL CLI, the UL transmission from aggressor UEs may cause directional CLI at the victim UEs, as shown in Figure 2. The CLI can be measured at both the victim and/or aggressor UEs.
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Figure 1. Example of SBFD configuration in TDD framework
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[bookmark: _Ref98824757]Figure 2. Cross Layer Interference (CLI), inter-gNBs and inter-UEs 
As some of outcomes from Rel-18 study on duplex evolution, it has been observed in RAN1 that for an indoor SBFD scenario in FR1 with small packet size, semi-static SBFD achieves significantly higher mean and 5% UL Average-UPT than legacy TDD for all load levels, where the gain at least comes from more UL transmission opportunities for semi-static SBFD compared to legacy TDD. Also, the semi-static SBFD achieves higher mean and 5% DL Average-UPT than legacy TDD for all load levels, where the gain at least comes from more DL transmission opportunities for semi-static SBFD compared to legacy TDD. To further optimize the system performance w.r.t. CLI impacts, one of observations made by RAN1 is that the layer-1/2 (L1/L2) based UE-to-UE CLI measurement can be optimized for short-term interference measurement and for low latency, and the corresponding reporting can facilitate gNB to adjust UE scheduling for inter-UE CLI reduction.
Based on such observations from the Rel-18 study and discussions for Rel-19 work scope, the following was noted in Chair’s summary [2]:
	· Normative work is expected after the successful completion of the Rel-18 SI
· Expect to focus on non-overlapped Sub-band Full-Duplex (SBFD) at gNB and cross-link-interference (CLI) related areas, based on the study outcome
· Is there a strong need to have a parallel study extending to other cases?
· E.g., UE side non-overlapped full-duplex, gNB overlapped SBFD, etc.


Regarding the second point on whether to have a parallel study extending to other cases, although such extensions to support UE-side full-duplex and gNB overlapped SBFD are important and also needed to be enhanced, in our view these can be considered in a next release after the first normative work for duplex evolution in Rel-19 is completed which is based on a limited time unit.
Observation 1: 	Significantly higher mean and 5% UL Average-UPT than legacy TDD for all load levels are observed by RAN1 evaluation on an indoor semi-static SBFD scenario compared to legacy TDD in FR1 with small packet size, also observed higher performance of SBFD in DL, where the gain at least comes from more resource opportunities offered by the SBFD scenario.
Proposal 1:	Normative work in Rel-19 on duplex evolution is recommended based on the completion of the study item in Rel-18 and the identified performance benefits for supporting SBFD at gNB and CLI enhancements. Parallel studies extending to other cases can be further considered after the Rel-19 work is completed.
Discussion
1.1 Summary of proposals to the Rel-19 workshop and RAN#101
A number of tdocs submitted to the Rel-19 workshop and a summary for offline discussions at RAN#101 [3] motivate normative work for duplex evolution in Rel-19 and propose further enhancements. 
Downlink subband operations:
Based on intensive discussions during the Rel-18 SI, enhancements for non-contiguous DL subbands such as CSI-RS and CLI measurements and related reporting behaviors are proposed. Also, downlink link adaptation based on existence of CLI and spatial-domain settings and procedures considering SBFD slots and non-SBFD slots are suggested for the normative work scope. 
Uplink subband operations:
Depending on the existence of CLI, UL link adaptation, power control, timing advance managements, and spatial-domain solutions are proposed in consideration of SBFD and non-SBFD slots. For latency reduction in terms of HARQ feedback process, the work scope can consider allowing PUCCH ACK/NACK feedback to be transmitted in SBFD slot or symbols for which the resource allocation of the PUCCH in SBFD symbols needs to be discussed compared with the existing resource allocation considering non-SBFD symbols.
In general, SBFD collision handling and priority rules between conflicting UL and DL, including SSB, are to be in scope of the normative phase.
Uplink power control:
Especially for UL power control, impacts from UE-to-UE CLI on DL performance degradation w.r.t. RB gap between UL and DL signals have been analysed in [4]. Due to the CLI power leakage on adjacent RBs, a certain level of RB gap is required as shown in Figure 3, where the RB gap cannot be fixed as it depends on various factors, e.g., inter-UE distance, beam, power, and so on. Thus, specifying a fixed ‘guard band’ as the RB gap is not preferred, which degrades DL throughput. RB gap dependent CLI handling techniques need to be investigated, assuming full flexibility at gNB to schedule both DL/UL with any RB gap. For example, separated UL power controls for SBFD/non-SBFD symbols can be considered, and conditions to apply the separated UL PC for SBFD need to be further studied.
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Figure 3. Throughput vs SNR: CLI power 18dB below DL signal

Necessity of handling UL/DL timing misalignment:
Issues on UL/DL timing misalignment due to non-zero timing advance (TA) that an SBFD-aware UE applies for an UL transmission have been discussed in [4]. Since such UL Tx may occur in a UL SB of a ‘D’ slot for SBFD operation, as shown in Figure 4, there may be a prior another ‘D’ slot back-to-back, contrary to the current NR system where a ‘Special’ slot is always present prior to ‘U’ slot. This causes inter-slot interference across any adjacent two ‘D’ slots when an SBFD operation is performed in a later ‘D’ slot. The interference is more severe for the legacy UEs scheduled in the previous slot for reception of a DL signal, e.g., SSBs, CORESET, DMRS, etc., on the symbols close to the end of the DL slot. 
Solutions to handle the UL/DL timing misalignment at the UE with non-zero TA need to be studied, when N for the TA exceeds the starting symbol N’ of a UL grant, as illustrated in Figure 5. For example, UE reporting on the overlapped number of symbols to aid gNB’s scheduling on N’ and UE behaviors on the overlapped symbols such as dropping or rate-matching can be further considered.
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Figure 4. Inter-slot interference due to timing advance in SBFD UL SB.
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Figure 5. Interference caused due to timing misalignment in UL Tx in UL SB.

Layer-1/2 based CLI measurement and reporting:
In consideration of the current NR system where layer-1 based CSI framework has been widely used in various features, RAN1 has identified that existing CLI measurements and reporting processes based on layer-3 mechanisms are not sufficient in terms of latency improvement at least. Therefore, many companies suggest considering the existing CSI framework as baseline for enhancing CLI measurement and reporting methods. More specifically, the current CSI framework allows both CSI feedback usage and beam management usage. Especially for the beam management case, the current CSI framework allows to measure CSI-RS for beam management and report a CSI consisting of a preferred RS (reflecting a beam direction) and corresponding measurement quality metric (e.g., L1-RSRP). Therefore, it should be regarded that the current CSI framework is already well established to easily accommodate the L1/L2-based CLI measurement and reporting behaviors as enhancements for Rel-19.
CLI measurement and reporting recurrence reduction:
UE complexity reduction issues were raised such as UEs being configured to measure inter-UE CLI based on received SRS from adjacent UEs, where the UE-to-UE CLI measurements may not even be required for a potential victim UE that is not experiencing severe CLI. The victim UEs can measure the overall CLI based on a group-based simultaneous SRS transmission from multiple potential aggressor UEs, and the victim UEs could then determine to measure UE-to-UE CLI less frequently if the overall measured CLI is low. Therefore, Rel-19 can consider methods where UEs with low CLI do not measure CLI as frequent as UEs with higher CLI.
Support for SBFD in RRC idle/inactive mode:
It is a common understanding that the normative work is to specify UL/DL subbands time and frequency configuration/indication to at least UE in RRC-connected mode, within a TDD carrier. Some companies further suggest supporting SBFD in RRC idle/inactive mode, which includes potential RACH enhancement. For example, in LOS environment (e.g., rural with no high-rise building, sea-side area), mid-band NR TDD coverage is regarded to be limited by possible PRACH detection distance (not UL data channel) in a network measurement. Expected increase of UL QoS coverage based on SBFD operation may not be utilized if there is no corresponding random access coverage improvement. Therefore, Rel-19 can consider RACH related enhancements in consideration of SBFD for RRC idle/inactive mode as well if time allows.

1.2 Proposed scope for the Rel-19 duplex evolution WI
Based on the discussions in Section 2.1, the following normative work scope for Rel-19 duplex evolution is recommended.
Proposal 2:	Consider following high-priority topics for work item scope in Rel-19 duplex evolution:
· SBFD configuration in frequency and time domains
· Enabling SBFD operation in SSB symbols
· Resource allocation enhancement on UL/DL signals and channels including separate parameters or offset values across SBFD and non-SBFD symbols
· Collision handling between DL/UL signals across SBFD and non-SBFD symbols
· Cross-Link Interference (CLI) mitigation and avoidance
· L1/L2-based CLI reporting for faster adaptation to interference
· Uplink power control enhancements
· Spatial-domain coordination among gNBs and UEs by information exchange
· Latency reduction by supporting HARQ-ACK/PRACH transmissions in SBFD symbols
· Handling of UL/DL timing misalignment due to non-zero TA of UL Tx

In addition to the high-priority topics, the following work scope can also be considered in Rel-19 duplex evolution as medium priority items if time allows.
Proposal 3:	Consider following medium-priority topics for work item scope in Rel-19 duplex evolution, as a second priority depending on allowed time in Rel-19:
· Flexible/dynamic SBFD operations depending on traffic/channel conditions
· Dynamic fallback to legacy symbol type based on group-common DCI
· Flexible rate matching or dynamic RB muting to improve resource utilization efficiency
· SBFD operation with dynamic BWP switching
· CLI measurement and reporting recurrence reduction based on overall measured CLI
· Enhancement on cell (re)selection procedure on SBFD symbols
· Support UE in RRC idle/inactive mode
· SBFD operation across component carriers

Conclusion
In this contribution, R19 scope for duplex evolution is discussed. The following observation and proposals are provided:
Observation 1: 	Significantly higher mean and 5% UL Average-UPT than legacy TDD for all load levels are observed by RAN1 evaluation on an indoor semi-static SBFD scenario compared to legacy TDD in FR1 with small packet size, also observed higher performance of SBFD in DL, where the gain at least comes from more resource opportunities offered by the SBFD scenario.
Proposal 1:	Normative work in Rel-19 on duplex evolution is recommended based on the completion of the study item in Rel-18 and the identified performance benefits for supporting SBFD at gNB and CLI enhancements. Parallel studies extending to other cases can be further considered after the Rel-19 work is completed.
Proposal 2:	Consider following high-priority topics for work item scope in Rel-19 duplex evolution:
· SBFD configuration in frequency and time domains
· Enabling SBFD operation in SSB symbols
· Resource allocation enhancement on UL/DL signals and channels including separate parameters or offset values across SBFD and non-SBFD symbols
· Collision handling between DL/UL signals across SBFD and non-SBFD symbols
· Cross-Link Interference (CLI) mitigation and avoidance
· L1/L2-based CLI reporting for faster adaptation to interference
· Uplink power control enhancements
· Spatial-domain coordination among gNBs and UEs by information exchange
· Latency reduction by supporting HARQ-ACK/PRACH transmissions in SBFD symbols
· Handling of UL/DL timing misalignment due to non-zero TA of UL Tx
Proposal 3:	Consider following medium-priority topics for work item scope in Rel-19 duplex evolution, as a second priority depending on allowed time in Rel-19:
· Flexible/dynamic SBFD operations depending on traffic/channel conditions
· Dynamic fallback to legacy symbol type based on group-common DCI
· Flexible rate matching or dynamic RB muting to improve resource utilization efficiency
· SBFD operation with dynamic BWP switching
· CLI measurement and reporting recurrence reduction based on overall measured CLI
· Enhancement on cell (re)selection procedure on SBFD symbols
· Support UE in RRC idle/inactive mode
· SBFD operation across component carriers
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