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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 followings 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).



According to the description of the approved SID, the evaluation methodology, deployment scenarios, and potential enhancements of non-overlapping sub-band full duplex (SBFD) in dynamic TDD systems should be studied. In this contribution, we present our views on the common SBFD deployment scenarios and evaluation methodology for obtaining consistent results across companies.  

Deployment Scenarios
Sub-band full duplex (SBFD) is a special addition of dynamic TDD systems, where gNBs dynamically adapt the timing and frequency resources to varying downlink and uplink traffic arrivals. Compared to dynamic TDD, NR SBFD offers more transmission opportunities, over part of the available bandwidth, for uplink transmissions within a TDD downlink slot or frame, and vice versa. Therefore, SBFD enhances the dynamic TDD buffering latency (i.e., due to the exclusive transmission direction at a time), and particularly, it optimizes the corresponding uplink coverage and performance. However, as depicted by Fig. 1, baseline dynamic TDD deployments, and thus, SBFD networks, suffer from gNB-to-gNB and UE-to-UE cross-link interference (CLI), that is, co-channel and adjacent channel interference, due to neighboring gNBs simultaneously adopting opposite transmission directions over time and/or frequency resources. 
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Figure 1: Baseline TDD deployment for NR full duplex.

During the Rel-16 study on CLI handling and remote interference management [2], it has been concluded that the feasibility of dynamic TDD in high-transmit-power Macro deployments is challenging, mainly due to the resulting CLI. In particular, the gNB-to-gNB CLI is shown to severely degrade the uplink performance because of the larger downlink transmit power compared to that is of the uplink direction. Hence, dynamic TDD is most suitable for small cell deployments over the frequency range 1 (FR1), where the transmit downlink power is lower and there is likely more isolation among interfering gNBs. Over FR2, dynamic TDD can be deployed within Macro and small cell networks due to the higher inter-cell path-loss and CLI isolation due to the sufficient beamforming.  

Observation 1: As per the conclusions of the Rel-16 dynamic TDD study on cross-link interference (CLI) [TR 38.828], the feasibility of the dynamic TDD in FR1 Macro deployments is challenging due to severe gNB-to-gNB CLI. Therefore, FR1 dynamic TDD is most feasible within low transmit power deployments, e.g., small cell deployments. 

Observation 2: Dynamic TDD Macro deployments over FR2 are more feasible due to the higher path-loss and the beam-forming isolation, resulting in a controlled gNB-to-gNB CLI.

As baseline deployment scenarios for NR SBFD and based on the Rel-16 CLI and RIM study conclusions [2], it is recommended not to repeat the CLI evaluations over the FR1 Macro deployments, unless the deployment setup and transmit power requirements are updated. Therefore, for SBFD deployments, it is suggested to consider low-power small cell deployments over FR1 and urban Macro/indoor hotspot over FR2.  

Proposal 1: To avoid repetition of Rel-16 dynamic TDD study simulation activities, evaluations of NR full duplex consider indoor/small cell/indoor hot-spot deployments over FR1. For FR2, dense urban, urban macro, and indoor hotspot deployments are considered. 

Evaluation Methodology
With new radio SBFD, gNBs can dynamically allocate part of the available TDD bandwidth, i.e., one or more sub-bands, to downlink transmissions during TDD uplink slots/frames and to uplink transmissions during TDD downlink slots/frames, as depicted by Fig. 2. The SBFD allows for more transmission opportunities of both downlink and uplink directions, and hence, reducing the common TDD buffering delay (e.g., due to the exclusive transmission directions). In particular, SBFD is most beneficial for uplink coverage and performance enhancement, respectively, by offering more uplink transmission opportunities that may be utilized for fast uplink HARQ feedback, uplink payload repetition for reliability and coverage improvement. 
Therefore, downlink and uplink sub-bands can be co-located in the frequency domain at the same time. A guard band between each downlink and uplink sub-band is needed in order to absorb the adjacent-channel interference of both the downlink and uplink traffic. Furthermore, the full duplex operation is only supported at the gNB side, while it is transparent to UEs, which are operating with half-duplex, and hence, SBFD should have a little device impact. 
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Figure 2: NR sub-band full duplex.

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)
Depending on the deployment scenario and SBFD setup, the exhibited interference types shall vary including co-channel and adjacent-channel interference for co-located SBFD sub-bands. For a reasonable simulation effort, it is recommended that the evaluation phase of the SBFD interference considers the interference types which are specific to SBFD rather than dynamic TDD. 

Proposal 2: Discuss and agree on SBFD evaluation scenarios which specifically show the downlink and uplink performance impact of the new SBFD-specific interference types.

There are several ways for allocating the SBFD sub-bands per gNB and corresponding SBFD downlink-to-uplink ratio. As a baseline framework for evaluation, we suggest considering a fixed set of SBFD patterns of different downlink-to-uplink sub-band ratios. Therefore, scenarios for inter-gNB aligned and non-aligned SBFD sub-bands are considered. A default TDD frame format and respective downlink and uplink symbol ratio for several downlink and uplink traffic splits are considered for evaluation.

Proposal 3: Consider, as an initial evaluation step, a set of fixed DL-to-UL SBFD ratios or patterns with pre-defined resource locations and guard bands.

Proposal 4: Consider a set of baseline TDD radio frame formats, corresponding to a set of DL-to-UL offered traffic ratios. 

For performance evaluation, the FTP3 traffic model can be used with a predetermined payload size and average packet inter-arrival rate, for all SBFD deployment scenarios under evaluation. Both uplink and downlink traffic should be considered, with pre-determined offered loads, for evaluating the SBFD interference impacts under different load scenarios. The performance key performance indicators (KPIs) of interest should be selected such that the uplink performance gain of SBFD and SBFD interference impacts are both identified.  Exemplary performance KPIs are: (1) the average received uplink user throughput, (2) uplink and downlink average user signal to interference ratio (SINR), and (3) uplink and downlink average latency, where the latter considers the delays from the moment a packet is generated until it is successfully decoded at intended receiver, including HARQ retransmission delays, dynamic scheduling delays, and gNB and UE processing delays, respectively.  

Proposal 5: Consider FTP3 traffic model in both DL and UL directions, with pre-determined packet sizes and average arrival rates.  

Proposal 6: Performance evaluation criteria are: average UL SINR, DL and UL radio latency, and average UL and DL user throughput.  The latency metric is captured similarly to that is of the URLLC evaluations, implying the delay from the moment the packet is generated until it is being successfully received at the intended receiver, including the HARQ retransmission delay.  

Conclusion
The following observations and proposals are made in this contribution:
Observation 1: As per the conclusions of the Rel-16 dynamic TDD study on cross-link interference (CLI) [TR 38.828], the feasibility of the dynamic TDD in FR1 Macro deployments is challenging due to severe gNB-to-gNB CLI. Therefore, FR1 dynamic TDD is most feasible within low transmit power deployments, e.g., small cell deployments. 

Observation 2: Dynamic TDD Macro deployments over FR2 are more feasible due to the higher path-loss and the beam-forming isolation, resulting in a controlled gNB-to-gNB CLI.

Proposal 1: To avoid repetition of Rel-16 dynamic TDD study activities, evaluations of NR full duplex consider indoor/small cell/indoor hot-spot deployments over FR1. For FR2, dense urban, urban macro, and indoor hotspot deployments are considered. 

Proposal 2: Discuss and agree on SBFD evaluation scenarios which specifically show the downlink and uplink performance impact of the new SBFD-specific interference types.

Proposal 3: Consider, as an initial evaluation step, a set of fixed DL-to-UL SBFD ratios or patterns with pre-defined resource locations and guard bands.

Proposal 4: Consider a set of baseline TDD radio frame formats, corresponding to a set of DL-to-UL offered traffic ratios. 

Proposal 5: Consider FTP3 traffic model in both DL and UL directions, with pre-determined packet sizes and average arrival rates.  

Proposal 6: Performance evaluation criteria are: average UL SINR, DL and UL radio latency, and average UL and DL user throughput.  The latency metric is captured similarly to that is of the URLLC evaluations, implying the latency from the moment the packet is generated until it is being successfully received at the intended receiver, including the HARQ retransmission delay.  
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