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Introduction
A study item on evolution of NR duplex operation with minor update was approved in RAN#96 with the following objective [1]. The objective of this study is to identify and evaluate the potential enhancements to support duplex operation for NR TDD unpaired spectrum with following assumptions: 
· Duplex enhancement at gNB side
· Half duplex operation at the UE side
· No restriction of frequency ranges

	· 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).



In this contribution, we discuss the methods of indication of UL/DL resource partition for SBFD operation for both legacy UEs and SBFD capable UEs, and provide proposals to proceed the study in this point of view. 


Indication of UL/DL resource partition 
In Rel-18 SBFD, DL transmission and UL reception are performed simultaneously in the frequency domain separated by subbands from gNB perspective. From UEs perspective, legacy UEs and SBFD capable UEs are in the same serving cell operating SBFD and they may be expected to have different recognition of configured TDD pattern and resources. Therefore, a method of indicating resources in the subband to UEs is an important perspective to consider in the study. 
At the last meeting, various methods for indication of UL/DL resources in SBFD were proposed, but no agreement has been reached on methods for further study. 

Legacy UEs
In the current specification, legacy UEs recognizes that the entire BWP is DL or UL according to the cell-specific TDD pattern. During the SBFD operation, signals such as PDSCH that support non-contiguous frequency domain resource allocation (FDRA) can be scheduled for multiple DL subbands. The other signals that support contiguous FDRA, such as SSB, can be configured for a single DL subband. 
In order for legacy UEs to benefit from the increased UL allocation opportunities provided by SBFD under the current specification, dynamic DL/UL switching per subband needs to be specified. In this case, it can be possible to indicate DL or UL using slot format indicator (SFI) for the F slot of cell-specific TDD pattern. Otherwise, legacy UEs would only have performance impact by smaller DL bandwidth due to the introduction of SBFD. However, how the F slot of the cell-specific TDD pattern is handled by SBFD capable UEs (described below) depends on the BWP configuration and resource allocation of the SBFD capable UE. 

SBFD capable UE
We focus on two methods, BWP based and RB-set based, and provide pros and cons for legacy UEs and SBFD capable UEs to co-exist in the same serving cell operating SBFD with the consideration of some enhancements.  

BWP based 
In NR, the UE transmits and receives data and control signals within the frequency range configured by the BWP. DL/UL parameters including TDD configuration are therefore configured on BWP basis, and the UE transmits and receives using only one BWP as active. 
When BWP is applied to subband resource partition in SBFD, it is straightforward to configure a different BWP to each subband (Figure 1-(a)). Since the sampling rate changes according to the BWP size, inter-subband UE-to-UE CLI impact can be suppressed rather than configuring the entire bandwidth as one BWP. In addition, since UEs follow the TDD pattern on a BWP basis, it is assumed that no major specification change can be involved, and a less signalling overhead may be desirable. To maximize the benefit from SBFD, it may be necessary to support faster BWP switching, and UE based indication of BWP switching can be considered. 

RB-set based 
RB set specified in Rel-16 NR-U can indicate the bandwidth and guard bands for LBT. This functionality can be used in SBFD for indication of subband partitioning. 
To achieve SBFD operation using RB-set functionality, dynamic or semi-static indication of DL or UL direction per subband basis needs to be specified additionally. In order to indicate the direction under the current specification, gNB configure cell specific TDD pattern which has the F slot to UE, which means that the same configuration for cell-specific TDD pattern described in Section 2.1 can be used in this method. In addition, since this method configure the BWP for the entire bandwidth (Figure 1-(b)), it is expected to improve scheduling flexibility and capacity enhancement without BWP switching compared to BWP based method. However, it is not possible to mitigate inter-subband UE-to-UE CLI impact by reducing the BWP size. The complexity of the operations with SFI, e.g., a dynamic signalling, can also be a feasibility issue considering real deployments. To avoid the complexity, it is necessary to study a mechanism to notify the DL or UL direction to SBFD capable UEs without using TDD pattern including F slot. 

[image: ]
Figure 1	DL/UL resource partition from gNB perspective and BWP configuration from gNB and UEs perspective

Both methods have tradeoffs in terms of scheduling flexibility and mitigation of inter-subband UE-to-UE CLI handling, and there is a possibility that deployment scenarios will differ depending on the degree of impact of CLI. Therefore, it is necessary to perform the study of at least both effective methods and evaluate the impact of interference considering BWP size.

Observation 1: In order for legacy UEs to benefit from SBFD operation in the serving cell under the current specification, slot format indicator (SFI) for the F slot of cell-specific TDD pattern can be used to indicate DL or UL direction. Otherwise, legacy UEs would only have performance impact by smaller DL bandwidth. 

Observation 2: Since BWP based and RB-set based methods have different BWP size configured for UEs, there is a trade-off in terms of scheduling flexibility and mitigation of inter-subband UE-to-UE CLI handling 

Proposal 1: Study at least BWP based and RB-set based resource allocation methods for SBFD capable UE.

Conclusions 
In this contribution, we make the following the observations and proposal. 
Observation 1: In order for legacy UEs to benefit from SBFD operation in the serving cell under the current specification, slot format indicator (SFI) for the F slot of cell-specific TDD pattern can be used to indicate DL or UL direction. Otherwise, legacy UEs would only have performance impact by smaller DL bandwidth. 

Observation 2: Since BWP based and RB-set based methods have different BWP size configured for UEs, there is a trade-off in terms of scheduling flexibility and mitigation of inter-subband UE-to-UE CLI handling 

Proposal 1: Study at least BWP based and RB-set based resource allocation methods for SBFD capable UE.
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