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Introduction
As part of the Rel-18 work plan email discussions [1], the discussion moderator has proposed the following RAN1/RAN3/RAN4 led objectives for a study item on the evolution of duplex operation including full duplex operation:

	The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.

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 and use cases (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD.
· 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).
· Study their impacts on inter-gNB interfaces if needed (RAN3).
· 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 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).
· Study the impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· 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).
 
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.




This contribution discusses the benefits and impact of including the subband overlapping full duplex scenario in the scope of a Rel-18 study item on the evolution of duplex operation
Views on Rel-18 Full Duplex Operation Scenarios
While theoretically full duplex operation can provide significant (100%) gains in terms of per-link spectral efficiency, deployment has so far been limited to point-to-point backhaul systems. For 5G systems, especially in higher frequency bands, the performance of full duplex operation is unknown with realistic base station hardware constraints. One key issue of conventional full duplex approaches is the impact of the self-interference (SI) of the transmitter of the node on the receiver sharing the same time/frequency resources. As a result, it is beneficial for 3GPP to have a study item in Rel-18 which considers different deployment and spectrum scenarios for duplex enhancements including full duplex. 
Besides general full duplex operation in sub-6 and mmWave bands where different downlink and uplink access user links are multiplexed, one candidate application of full duplex operation which has already been identified and studied is Integrated Access and Backhaul (IAB), which supports wireless backhauling via NR enabling flexible and very dense deployment of NR cells while reducing the need for wireline transport infrastructure. In Rel-17 two multiplexing scenarios were considered in the eIAB work item to support more efficient access and backhaul link multiplexing: 1) spatial division multiplexing (SDM) – e.g. {IAB-DU Tx, IAB_MT Tx}/{IAB-DU Rx, IAB_MT Rx} and 2) full duplex IAB – e.g. {IAB-DU Tx, IAB_MT Rx}/{IAB-DU Rx, IAB_MT Tx} which are illustrated in Figure 1.
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Figure 1: Rel-17 IAB Multiplexing Scenarios
In addition, the new multiplexing scenarios including those covering full duplex operation are relevant for both frequency overlapping and non-frequency overlapping scenarios (e.g. so-called FDM and non-FDM operation). Since an IAB node is network-deployed, the scope of the work was also intended to be fully transparent to access devices and thus backwards compatible. The different multiplexing and spectrum scenarios covered by Rel-17 eIAB work item also enable flexibility for vendors to provide a range of support for full duplex or other simultaneous operation modes in their implementations. 
As a result, when thinking about the Rel-17 IAB RAN1 work in the context of the proposed Rel-18 evolution of duplex operation study item, it is clear that underlying assumptions are aligned, namely: 
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges
with the only difference being whether subband overlapping full duplex should be considered in addition to subband non-overlapping full duplex.

Observation 1: 3GPP has already considered full duplex enhancements at the gNB side (including subband overlapping full duplex scenarios) in the Rel-17 eIAB work item.
During the Rel-18 work item email discussions, one concern raised about including subband overlapping full duplex as part of the study item scope was the feasibility. To address the first concern, we highlight the following measurement and modeling campaign which was conducted to characterize the impact of mmWave beamforming on full duplex self-interference in order to evaluate the resulting system performance potential and was submitted to RAN1 during the Rel-17 eIAB work item [2]. A multiple phased array based SI measurement setup is shown in Figure 2, with a total of 4 phased arrays arranged in a rectangular orientation. One of these arrays operates as a transmitter and the remaining three arrays are simultaneously receiving. The phased arrays operate in the 28GHz band and the system is placed inside of an anechoic chamber. A known sounding signal is transmitted out of the TX array, and the receivers correlate with the known signal to accurately estimate the received power. 
[image: ]
Figure 2. Top view of 28GHz phased array based Self Interference measurement system.
Measuring the received power for each pair of transmit and receive beams illustrates whether certain beam pairs lead to higher degrees of self-interference (i.e., less isolation). This is shown in Figure 3, where brighter pixels indicate high interference and darker pixels indicate low levels with approximately 20 dB of dynamic range. Figure 3 further illustrates the directional nature of the measurements by plotting the mean received power for each of the transmit beams at Receiver 1 from the transmitter's perspective. The range is from approximately -66 dBm to -46 dBm the higher received powers on average stem from beams pointing in the left half of space, whereas more isolation is achieved when the transmitting panel steers to the right. This can likely be attributed to the fact the Receiver 1 sits to the left of the transmitting panel, suggesting that some of the directionality in the far-field exists in even in the close proximity between panels.
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Figure 3. Mean received power at Receiver 1 as a function of direction
Observation 2: Multiple factors including antenna design, beam/panel selection, and gNB array geometry can influence the extent of cross-link and self-interference experienced when subband overlapping full duplex operation is supported.
A second concern raised during the Rel-18 work item email discussions about including subband overlapping full duplex as part of the study item scope was and the amount of study and specification effort required. The Rel-18 discussion moderator has proposed the following objectives for non-overlapping full duplex:

· Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD.
· 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).
· Study their impacts on inter-gNB interfaces if needed (RAN3).
· 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 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).
· Study the impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· 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).

Broadly speaking, the objectives are intended to address three main areas: 1) performance, 2) feasibility (e.g. required isolation at the gNB), and 3) impact of co-channel and adjacent channel interference. As mentioned earlier, the 3GPP Rel-17 eIAB work also considered these areas for the advanced multiplexing scenarios (including subband overlapping full duplex operation) and identified potential enhancements including resource allocation, power control, and interference measurements. While not all of those enhancements were fully optimized for full duplex operation, an important aspect to highlight is that many of the proposed solutions had commonalities for subband non-overlapping and subband overlapping scenarios. While it is certainly expected that the impact of interference and the required isolation is higher in case of the subband overlapping scenarios, the modelling and evaluation efforts can be almost fully reused given that co-channel and both intra-subband and inter-subband scenarios are already proposed in the Rel-18 study item scope. It is beneficial for 3GPP to consider subband overlapping scenarios at the same time as non-overlapping scenarios to identify where common solutions and requirements may apply and where challenges in terms of performance and feasibility may require future work which is specific to subband overlapping full duplex operation. 

Observation 3: There are many commonalities in the evaluation and study of performance, feasibility, and the impact of interference for subband non-overlapping and subband overlapping full duplex scenarios.

Based on the observations made in this contribution, subband overlapping full duplex operation has already been considered in the Rel-17 eIAB work item, has been shown to be feasible under certain spectrum and gNB implementation scenarios, and has commonality at least in the modelling and evaluation aspects of a study item. As a result, the proposed Rel-18 study item description should be updated to include subband overlapping full duplex operation scenarios.

Proposal 1: Update the objectives of the proposed Rel-18 SI on evolution of duplex operation:
· Study the subband non-overlapping and overlapping full duplex and potential enhancements on dynamic/flexible TDD

Conclusion
This contribution analyzed the benefits and impact of including subband overlapping full duplex in the scope of a Rel-18 study item on the evolution of duplex operation. The following observations and proposal were made:
Observation 1: 3GPP has already considered full duplex enhancements at the gNB side (including subband overlapping full duplex scenarios) in the Rel-17 eIAB work item.
Observation 2: Multiple factors including antenna design, beam/panel selection, and gNB array geometry can influence the extent of cross-link and self-interference experienced when subband overlapping full duplex operation is supported.
Observation 3: There are many commonalities in the evaluation and study of performance, feasibility, and the impact of interference for subband non-overlapping and subband overlapping full duplex scenarios.
Proposal 1: Update the objectives of the proposed Rel-18 SID on evolution of duplex operation:
· Study the subband non-overlapping and overlapping full duplex and potential enhancements on dynamic/flexible TDD
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