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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: _Ref129681832]A study item is approved on evolution of NR full duplex operation during RAN#94-e [1], with the following study objectives.
	In this study, the following are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges
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).



In this contribution, we present our views on potential enhancements of the sub-band full duplex (SBFD). 



Implementation of SBFD

In conventional dynamic TDD systems, the offered capacity is dynamically adapted to the asymmetric downlink and uplink traffic volumes. However, there is always an exclusive transmission direction at a time in a given TDD frame format. This may result in a lack of availability of fast transmission opportunities for either the uplink or downlink packets. Specifically for uplink direction, this results in a degraded uplink performance, increased uplink latency, and reduced coverage, respectively. 
Hence, sub-band full duplex (SBFD) increases the number of available bidirectional transmission opportunities withing a TDD frame. With SBFD, non-overlapping downlink sub-bands coexist during uplink slots and uplink sub-bands coexist during corresponding downlink slots. This reduces the TDD buffering delay due to the exclusive TDD transmission opportunity at a time. As depicted by Fig. 1, with SBFDs, gNB can flexibility adapt the SBFD sizes and locations according to the experienced interference and available downlink and uplink traffic.
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Figure 1: NR sub-band full duplex.
Accordingly, SBFD has different use-cases in both downlink and uplink directions, where each has a certain impact on the resulting cross link interfere (CLI), and downlink/uplink performance. Furthermore, the various implementations of SBFD require different time and frequency granularities. For instance, SBFD can be utilized to offer more feedback transmission opportunities for uplink control channels. Therefore, the SBFD implementations have various impacts on the various radio channels as well. Therefore, it is recommended to prioritize a set of SBFD use-cases for evaluation.  

Observation 1: SBFD has different use-cases and duplexing scenarios which each has a different performance impact on cross-link interference and downlink/uplink data and control channels.  

Proposal 1:  Discuss and prioritize a set of SBFD use-cases and evaluation scenarios. 
As the uplink performance is the most stringent, where most of the TDD performance limitations are exhibited, we recommend considering only SBFD implementations that allow for uplink SBFD during downlink slots. However, to reduce the simulation efforts, we suggest considering uplink slots to be all half-duplex, hence, not considering downlink sub-bands within uplink slots.

Proposal 2:  Prioritize SBFD implementations of uplink sub-bands within downlink slots/frames while uplink slots are half-duplex for gNBs and UEs.

Potential SBFD enhancements

In dynamic TDD deployments, there is only an exclusive transmission direction at a time. However, gNBs can dynamically change the TDD slot structures to suit up the asymmetric downlink and uplink traffic arrivals. This is achieved through the slot format indication (SFI), where it indicates UE’s of the currently adopted slot format. The SFI indicates ‘DL’ for downlink transmissions, ‘UL’ for uplink transmissions, and ‘F’ for flexible time instants, where the latter can be dynamically used as DL or UL. Basic SBFD operation should be transparent to UEs, and thus, they may assume that the entire bandwidth is for downlink transmissions for DL SFI instant and etc. Therefore, in one option, the SBFD operation can be still fully transparent to UEs, while SBFD sub-band scheduling is controlled by gNB. In another option, UEs are aware of the SBFD setup and current configuration. For the latter case, ways of carrying the SBFD information should be studied. In case the SFI is selected to carry SBFD information, SFI design adjustments and cross-compatibility should be studied. 

[bookmark: _Hlk109224385]Observation 2: Current slot format indication (SFI) signaling procedure is either cell or group common, hence, lacking dynamic flexibility of SBFD resource adaptation and signaling in case SFI is adopted for carrying SBFD information.  

Proposal 3: Consider adjustment of the current SFI procedure to support dynamic configuration of SBFD within a bandwidth part.

In addition to the CLI of the dynamic TDD, NR SBFD introduces additional types of intra-cell and inter-cell interference as follows:
· SBFD interference impacting uplink direction
· Self-interference (SI) [intra-gNB]
· gNB-to-gNB CLI [inter-gNB]

· SBFD interference impacting downlink direction
· UE-to-UE CLI (intra and inter-gNB)
The different types of SBFD interference should be handled. Similar to dynamic TDD, the UE-to-UE and gNB-to-gNB CLI should be carefully measured and suppressed. During Rel-16 item on RIM, measurement procedures of UE-to-UE CLI are specified. It is suggested to study whether the current UE-to-UE CLI measurement procedures are sufficient for SBFD interference handling or not. For gNB-to-gNB CLI, measurement procedures should be studied and specified. 

Proposal 4: Discuss and agree whether the Rel-16 UE-to-UE CLI measurement procedures are sufficient for SBFD interference handling without additional adjustments. 

Proposal 5: Study inter-gNB coordination procedures for gNB-to-gNB CLI measurement including:
· Procedures for coordinated inter-gNB reference signal transmissions for gNB-to-gNB CLI measurement and corresponding UE support.
· Procedures for utilizing existing and readily available reference signals for gNB-to-gNB CLI measurement, and corresponding UE support.
· RAN3 to support backhaul coordination signaling procedures for gNB-to-gNB CLI measurement.

Conclusion
The following observations and proposals are made in this contribution:
Observation 1: SBFD has different use-cases and duplexing scenarios which each has a different performance impact on cross-link interference and downlink/uplink data and control channels.  

Proposal 1:  Discuss and prioritize a set of SBFD use-cases and evaluation scenarios. 

Proposal 2:  Prioritize SBFD implementations of uplink sub-bands within downlink slots/frames while uplink slots are half-duplex for gNBs and UEs. 

Observation 2: Current slot format indication (SFI) signaling procedure is either cell or group common, hence, lacking dynamic flexibility of SBFD resource adaptation and signaling in case SFI is adopted for carrying SBFD information.  

Proposal 3: Consider adjustment of the current SFI procedure to support dynamic configuration of SBFD within a bandwidth part.

Proposal 4: Discuss and agree whether the Rel-16 UE-to-UE CLI measurement procedures are sufficient for SBFD interference handling without additional adjustments.

Proposal 5: Study inter-gNB coordination procedures for gNB-to-gNB CLI measurement including:
                  •	Procedures for coordinated inter-gNB reference signal transmissions for gNB-to-gNB CLI          measurement and corresponding UE support.
                  •	Procedures for utilizing existing and readily available reference signals for gNB-to-gNB CLI measurement, and corresponding UE support.
                  •	RAN3 to support backhaul coordination signaling procedures for gNB-to-gNB CLI measurement.
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