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[bookmark: _Ref465963108]Introduction
In RAN4#106, progress was made on studying the feasibility of base stations (BSs) that are capable of subband full duplex (SBFD) operation. Two WFs on the BS feasibility were agreed; namely [1] for the self-interference feasibility and [2] for the co-channel inter-sector interference analysis. In this paper we contribute the discussion on the BS feasibility aspects considering self-interference and co-channel inter-sector aspects. 
Self-interference modelling
Residual Self-Interference Cancellation (RSIC) Analysis Framework
In [1] a framework to quantify the feasibility of SBFD gNBs was further developed where companies contributed with their views on the different cancellation capabilities, components, and challenges. The following WF was agreed:
	· RSIC analysis framework table shall be adopted for SBFD BS RF feasibility study to be captured in TR38.858, and subsection for different component capabilities shall be reserved to encourage companies’ inputs.
· RAN4 target to draw initial common observations based on the collected data till this meeting for self-interference analysis from BS aspect.
· RAN4 also target to list open issues for the cases which diverge views observed based on the data collected from companies



In terms of progressing the feasibility work, RAN4 needs to agree on a framework to assess the impact of self-interference on the UL sensitivity. RAN4 has been discussing extensively how to capture the UL receiver degradation due to the residual self-interference resulting from the SBFD operation. Majority of the companies supported to model this impact as {N=noise floor + X dB}, where the value of X was heavily discussed. For the feasibility part, several companies proposed X = 1 dB as a good compromise between capturing realistic impacts and design complexity. 
Observation: Based on the combined RSIC analysis framework in RAN4+106, several companies have showed that the UL receiver degradation due to residual self-interference can be modeled by rise in the gNB noise floor as N= noise floor +1 dB. 
Another motivation for RAN4 to agree on the self-interference impact is the current dependency between the feasibility work and the progress of the coexistence analysis for SBFD and the impact on RF requirements. So far for the coexistence work, RAN4 has agreed on the following for the calibration stage: 
	1. For co-site self-interference scenario, it is assumed the interference level from gNB self-interference is: Noise floor – 6dB.
1. For co-site inter-sector scenario, it is assumed the interference level from co-site inter-sector gNBs is: Noise floor -6 dB
1. Note 1: this is the sum of all inter-sector gNB-gNB CLI per site.



RAN4 needs to agree on a methodology on how to model the self-interference in the simulation framework. A natural selection would be the adopted framework in the calibration stage as it provides a good compromise between cancellation capabilities and design complexities. Note that the current agreement for the calibration results in aggregate self-interference cancellation at the gNB in the ballpark of 140 dB.
Proposal: RAN4 to confirm the adoption of the impact of self-interference modelling that was used in the calibration phase to be further used in the coexistence study (N = noise floor -6 dB) to study the impact of SBFD operation on the RF requirements. 
Assumptions on site deployment aspects
In RAN4#106, RAN4 reached the following agreements regarding site deployment aspects: 
	· FFS the effect of clutter on achievable RSIC performance:
· FFS the clutter impact on digital IC in RSIC performance if needed
FFS the deployment options to alleviate the cluster impact in the rooftop deployment



In FR1, the DL precoder and UL combiner weights could be optimized to provide some beamform nulling for the clutter and/or self-interference. The massive MIMO antenna has large number of degrees of freedom in both digital and analog (i.e. hybrid beamforming) that provide the ability to create some spatial nulls. Beamforming nulling is an efficient technique for clutter mitigation. In FR2, spatially isolated and narrow Tx and Rx beam could be selected to provide extra ‘beam’ isolation, which is a combined factor with the antenna isolation. For direct leaked self-interference, it is less related to the beam direction although there is still some dependency. However, for clutter, the signal transmitted from the Tx panel goes through the wireless medium, scattered by the reflectors and then gets back to the Rx panel, which generally has longer delay compared with direct leaked self-interference. The clutter is direction specific, in which case proper selection of Tx and Rx beam pair can alleviate such clutter impact. For FR2, clutter measurements have been conducted for a typical conference room.  The measurement setup and results are shown in Figure 2‑1.  In the measurement setup, the Tx and Rx beam sweeping is synchronized, which is the worst-case scenario.
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[bookmark: _Ref131851957]Figure 2‑1: Clutter measurements 
Observation: For FR2, the measured 28/39GHz path loss between Tx and Rx antennas including clutter reflections is typically approximately 80 dB or better for empty conference room environment.
· Higher path loss is generally observed for larger angular separation between Tx and Rx beams.

Another important component in the SBFD gnB is the digital cancellation which is utilized to further mitigate the remaining self-interference where it may be needed to cancel out the non-linear leakage from the DL signal into the UL subband. With the knowledge of the DL samples and the non-linear model, an adaptive filter can be used to synthesize the non-linear leakage and cancel it out from the Rx signal. This technique can be used for cancellation of both self-interference and clutter echo by having multiple taps cancellation. 
For massive deployment with large number of TxRU, the design of self-inference cancellation is massive as it requires cancellation of the combined leakage from all transmit TxRU. However, some design technique could be leveraged to reduce complexity of the digital interference cancellation engine. Based on our measurements, additional 10dB-20dB of residual self-interference cancellation could be achieved via digital cancellation. 
 Observation: The residual self-interference including both direct leakage and clutter echo can be cancelled using non-linear digital cancellation algorithm where additional 10dB-20dB of residual self-interference cancellation could be achieved via digital cancellation.
Impact of multi-carrier support
In RAN4#106, RAN4 reached the following agreements regarding multi-carrier support: 
	· Study single-carrier firstly, and secondly study the impact of multi-carrier support at BS during this SI: 
· Case-1:SBFD carrier and other TDD carriers operating in the same BS (prioritized case)
Case-2: SBFD carrier and other SBFD carriers operating in the same BS



Given the complexity of the ongoing work on feasibility for FR1 and FR2 and the dependency of the coexistence analysis on several aspects in the feasibility study, it is better that RAN4 focuses throughout Rel-18 study item on the single carrier first. If desired by companies, we could have high level aspects on the multi-carrier challenges captured in the TR. 
Proposal: To progress the feasibility and coexistence work in RAN4, it is proposed to focus on single carrier case and capture high level information on multi-carrier support in the TR. 
BS transceiver modelling
FR1 BS Receiver
Blocking model 
 In [1] RAN4 has agreed on the following blocking model that was also communicated to RAN1. There was some discussions through the last meeting on the input for this model whether it is RMS power or peak power of the input signal. Our proposal is that the x axis should reflect the total average input power, which includes both the wanted signal and jammer at the receiver side. 
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Figure 3 Agreed RAN4 blocking model for SBFD feasibility study.
Proposal: For the agreed blocking model in RAN4#106, RAN4 to agree on the input of this model as the average total input power, which is the aggregate of the wanted signal and jammer at the receiver side. 
Third-order intermodulation (IM3)
IM3 can be a contributor to SINR degradation as the input power increases. IM3 does not distinguish whether it arises from signal or from jammer. It is reasonable to consider IM3 as a function of total power in, just as in NF above.
As above in the receiver the IM3 improves as signals get larger and the receiver switches its gain states. We have analysed the IIP3 of the BS, and in the figure below we show a simplified model using linear segments.
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 Figure: BS IIP3
Proposal FR1 BS IIP3 model: For FR1 BS IM3 model, RAN4 to adopt a Pin-dependent (average total input power) piecewise linear model as shown in the Figure above to characterizes IIP3. The proposed model captures IM3 contributions and AGC impact on IIP3 which can be utilized by RAN4 to progress the SBFD feasibility work. 
Observation FR1 BS IM3: The IM3 contributions are not significant when the total input power signal + jammer is lower than -52 dBm. 
Other distortions: Phase noise, ADC quantization noise, Residual sideband, ADC distortions
We have included these aspects in our analysis and have found that either noise or IM3 dominate.
Observation: For FR1 BS, other distortions such as ADC quantization noise and distortions were considered in our simulation and measurements, and it was observed that ADC performance is not limiting. Similarly, phase noise and residual sideband are not significant contributors
FR2 BS receiver model
We analyzed the thermal noise and receiver generated for our FR2-1 BS design. 
Noise type degradations
The design utilizes multiple gain-states to provide good SNR and SIR across the dynamic ranges. There are multiple noise-type degradations in the receiver, input referred thermal noise being the dominant contributor as low input power levels. We have analyzed the receiver performance over many conditions of jammer and signal power levels. The result is shown in the figure below.
We have added a proposed model for with the NF = 5 dB up to -52 dBm Pin, and then a sloped section rising 1 dB/dB with Pin > -52 dBm.
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Proposal FR2 BS NF:  For FR2-1 BS NF = 5 dB up to -52 dBm Pin, and then a sloped section rising 1 dB/dB with Pin > -52 dBm.

Interference from co-channel jammer
We analyzed the design of the FR2-1 receiver. There are multiple considerations in the receiver design … for example residual sideband, reciprocal mixing, integrated phase noise, IM3 distortion, and ADC distortions. The receiver performance is simply modelled as being 34 dB below the total input power level Pin.
Proposal FR2 BS interference model with co-channel jammer: FR2 BS interference can be modelled as a fixed level of interference 34 dB below the total input power.
Co-channel CLI aspects 
Co-site inter-sector inter-gNB CLI modelling
In RAN4#106 [2], it was agreed that RAN4 to reuse the self-interference analysis framework for co-channel co-site inter-sector inter-gNB CLI. 
Regarding the framework to model the inter-gNB CLI, some mitigation capabilities will not be the same as the self-interference (i.e., RSIC framework). For an example, it is expected that at least better antenna isolation can be achieved between the different antenna panels belonging to the different sectors. An example for enhanced antenna isolation can be realized by the deployment of an electromagnetic absorber on the sides of each sector and additionally between the sectors if needed, as shown in. 
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Figure 4 Improved spatial isolation between sectors in one site

Proposal: For co-channel co-site inter-sector inter-gNB CLI, at least similar or improved spatial isolation compared to the self-interference framework (e.g., by means of additional electromagnetic absorbers between the different sectors or radiation mask) should be considered to provide sufficient inter-gNB CLI mitigation. 
Similar to the self-interference framework, there is a dependency between the feasibility work and the coexistence analysis. For the latter, RAN4 agreed to model the co-channel co-site inter-sector CLI as rise in the noise floor euqls N = noise floor – 6dB. Since for the co-channel co-site similar mitigation techniques are envisioned to be used for the CLI mitigation, RAN4 should agree on the same values as self-interference as a baseline and revisit it if further updated is reached throughout the feasibility analysis. 
Proposal: RAN4 to confirm the adoption of the impact of co-channel co-site inter-sector CLI modelling that was used in the calibration phase to be further used in the coexistence study (N = noise floor -6 dB). The values could be updated if new insights are reached in the feasibility study. 
Conclusions
In this paper we have provided additional views on the gNB SBFD feasibility, proposed modelling for various aspects at the gNB receiver as well as co-channel CLI modelling aspects. In summary, we have made the following observations/proposals: 
Observation self-interference: Based on the combined RSIC analysis framework in RAN4+106, several companies have showed that the UL receiver degradation due to residual self-interference can be modeled by rise in the gNB noise floor as N= noise floor +1 dB.
Proposal Self-interference: RAN4 to confirm the adoption of the impact of self-interference modelling that was used in the calibration phase to be further used in the coexistence study (N = noise floor -6 dB) to study the impact of SBFD operation on the RF requirements. 
Observation Clutter measurements: For FR2, the measured 28/39GHz path loss between Tx and Rx antennas including clutter reflections is typically approximately 80 dB or better for empty conference room environment.
· Higher path loss is generally observed for larger angular separation between Tx and Rx beams.
Observation Digital cancellation and Clutter: The residual self-interference including both direct leakage and clutter echo can be cancelled using non-linear digital cancellation algorithm where additional 10dB-20dB of residual self-interference cancellation could be achieved via digital cancellation.
Proposal Multi-carrier support: To progress the feasibility and coexistence work in RAN4, it is proposed to focus on single carrier case and capture high level information on multi-carrier support in the TR. 
Proposal Blocking model: For the agreed blocking model in RAN4#106, RAN4 to agree on the input of this model as the average total input power, which is the aggregate of the wanted signal and jammer at the receiver side. 
Proposal FR1 BS IIP3 model: For FR1 BS IM3 model, RAN4 to adopt a Pin-dependent (average total input power) piecewise linear model as shown in the Figure above to characterizes IIP3. The proposed model captures IM3 contributions and AGC impact on IIP3 which can be utilized by RAN4 to progress the SBFD feasibility work. 
Observation FR1 BS IM3: The IM3 contributions are not significant when the total input power signal + jammer is lower than -52 dBm. 
Observation ADC aspects: For FR1 BS, other distortions such as ADC quantization noise and distortions were considered in our simulation and measurements, and it was observed that ADC performance is not limiting. Similarly, phase noise and residual sideband are not significant contributors
Proposal FR2 BS interference model with co-channel jammer: FR2 BS interference can be modelled as a fixed level of interference 34 dB below the total input power.
Proposal co-channel CLI spatial isolation: For co-channel co-site inter-sector inter-gNB CLI, at least similar or improved spatial isolation compared to the self-interference framework (e.g., by means of additional electromagnetic absorbers between the different sectors or radiation mask) should be considered to provide sufficient inter-gNB CLI mitigation. 
Proposal co-channel CLI modelling: RAN4 to confirm the adoption of the impact of co-channel co-site inter-sector CLI modelling that was used in the calibration phase to be further used in the coexistence study (N = noise floor -6 dB). The values could be updated if new insights are reached in the feasibility study. 
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