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Introduction
To tackle the inherent uplink coverage issue of TDD, especially for DL-heavy scenarios, the SID on evolution of NR duplex operation was agreed with the following objectives [1]:
	[bookmark: _Hlk89819652]The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).


This contribution presents ETRI’s views on subband non-overlapping full duplex (FD) enhancements focusing on the following topics:
· (Baseline) Assessments on the subband FD based on existing (Rel-15/-16) specifications.
· Potential enhancements on resource allocation for subband FD.
· Potential enhancements on CSI feedback for subband FD.

Discussion
Subband FD based on Rel-15/-16 specifications
As aforementioned the uplink coverage of a TDD system can be inherently degraded according to the given DL:UL ratio of that TDD system compared with that of FDD system due to the relatively short time duration for uplink transmission. In the case with DL-heavy traffic where DL dominant D/U configuration (e.g. DL:UL=4:1) is required for most of UEs, longer UL transmission period (e.g. DL:UL=1:4) would be preferable for cell-edge UEs who suffer from the limited uplink transmission power.
In the situations above, the subband non-overlapping full duplex operation provides a good trade-off between DL throughput from network perspectives and UL coverage from cell-edge UEs. Figure 1 shows an example of DL/UL resource allocations for subband non-overlapping full duplex from network perspective. In Figure 1, half duplex (HD) operation periods and full duplex (FD) periods appear alternately. In the FD period, a DL signal/channel (e.g., DL #2) and a UL signal/channel (e.g., UL #1) can be transmitted simultaneously in each subband with a guard band in between. The guard band is essential to mitigate UL-to-DL interference. UE would still perform HD operation, that is, either transmit or receive at a time.

[image: ]
[bookmark: _Ref101812742]Figure 1. An example of DL/UL resource allocations for subband non-overlapping full duplex from network perspectives.

Legacy (e.g., Rel-15/-16) UEs need to fully rely on the gNB implementations to be applied with the DL/UL resource allocations for subband non-overlapping full duplex. For instance, two different Rel-15 UEs can be configured with two different UE-specific slot configurations, as depicted by Figure 2. In this case, each UE is not aware of FD operations but just follow the legacy HD operations and requirements. Since there is no FD-specific CLI specification supports in Rel-15, gNB need to secure a huge frequency gap between DL #2 and UL #1, e.g., to protect the reception of DL #2 at the UE #2.
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[bookmark: _Ref101813339]Figure 2. An example of DL/UL resource allocations for subband non-overlapping full duplex 
from UE perspectives (Rel-15).

There are more options for Rel-16 UEs to mitigate the potential CLI with an explicit guard band. As shown by Figure 3, for instance, RB set and intra-cell guard band were introduced in Rel-16 NR-U to support subband-wise LBT operation in a wideband carrier. For this feature, UE may perform transmit and receive RF filtering fitted to scheduled RB set(s) to supress interference to non-transmitted RB set(s). However, it should be noted that the Rel-16 RB set and intra-cell guard band need to be enhanced for subband FD considering various operation scenarios. For instance, given that all RB sets are set to the same transmission direction at each time in Rel-16, dynamic and flexible DL/UL allocation may be limited for subband FD relying on the Rel-16 RB set.
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[bookmark: _Ref101814271]Figure 3. An example of DL/UL resource allocations for subband non-overlapping full duplex 
from UE perspectives (Rel-16).

Observation 1. DL/UL resource allocations for subband non-overlapping full duplex operation are applicable for Rel-15/-16 UEs by gNB implementations at the cost of uncertain level of guard band or less flexible DL/UL direction configuration/indication.

Resource allocation enhancements for subband FD
According to the discussions above, it is proposed to Extend the Rel-16 RB set configuration to allow different transmission directions at different RB sets. As in Figure 4, a UE can be configured with both DL and UL resources using two RB sets in the same time interval. In the time interval, a UE can be dynamically allocated either a DL (in RB set #1) or a UL (in RB set #2). Since the preferred ratio of HD periods and FD periods can be varied according to various aspects, such as the number of cell-edge UEs, DL/UL traffic situations, etc., enhancements on DCI-based framework, e.g., by using SFI or rate matching resource, to enable dynamic D-U allocations across multiple RB sets can be considered for subband non-overlapping FD.
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[bookmark: _Ref101816046]Figure 4. An example of DL/UL resource allocations for subband non-overlapping full duplex 
from UE perspectives (Rel-18).
Proposal 1. RAN1 to study the following aspects of resource allocation for subband non-overlapping FD:
· Support of explicit RB set and guard band configuration.
· Individual DL/UL direction allocation per RB set.
· SFI enhancement considering multiple RB sets for a given time instance.

CSI feedback enhancements for subband FD
As aforementioned, flexible/dynamic resource allocations for both TDD and subband FD operations are beneficial, e.g., for co-existence of legacy (Rel-15/-16/-17) and new (Rel-18 and beyond) UEs. An accurate and proper CSI feedback would be one of the key aspects to realize such flexible/dynamic DL/UL resource allocations across multiple RB sets. Given that frequency resources for a CSI report are configured by higher-layer parameters in CSI report setting (so, there would be no explicit association between CSI report and duplex mode without CSI feedback enhancements), the frequency resources for the duplex operation mode and those for CSI feedback may or may not be identical to each other at a given time instance. 
Figure 5 depicts an example of valid frequency resources for CSI derivation according to various duplex operation modes. In Figure 5, it is clear that the bandwidth configured for the corresponding CQI report does not cause any ambiguity (e.g., any configured bandwidth can be applied for both wideband/subband CSI derivations) for CSI reference resources with TDD. On the other hands, since the bandwidth configured for the corresponding CQI report can be wider than the bandwidth for subband FD, TBS derived by the bandwidth configured for the corresponding CQI report and TBS derived by the actual available DL resources for subband FD may not be aligned. These two different TBS values can be quite different and thus the derived CQI indexes could be different as well.
Therefore, to support accurate CSI feedback for various duplex operation modes, it should be clarified that the valid frequency resources for CSI feedback can be affected by the frequency resources allocated for the duplex operation mode associated with the CSI feedback.
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[bookmark: _Ref101860811]Figure 5. An example of valid frequency resources for CSI derivation according to TDD/subband FD operation modes.

Proposal 2. RAN1 to study CSI feedback enhancement for subband non-overlapping FD.


Conclusion
In this contribution, ETRI’s views on subband non-overlapping FD were shown and the following observations and proposals were made:
Observation 1. DL/UL resource allocations for subband non-overlapping full duplex operation are applicable for Rel-15/-16 UEs by gNB implementations at the cost of uncertain level of guard band or less flexible DL/UL direction configuration/indication.

Proposal 1. RAN1 to study the following aspects of resource allocation for subband non-overlapping FD:
· Support of explicit RB set and guard band configuration.
· Individual DL/UL direction allocation per RB set.
· SFI enhancement considering multiple RB sets for a given time instance.

Proposal 2. RAN1 to study CSI feedback enhancement for subband non-overlapping FD.
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