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Introduction
In this document Charter would like to discuss the current agreements on the issues of self-interference between the DL and the UL sub-bands in duplex evolve network.
Discussion 
In RAN4 #104-e [6], views on self-interference mitigation in SBFD were provided. In this document, we would like to further understand these self-interference mitigation techniques as some agreements have been reached but others are still in dispute. Below are some of the items still in question.

Antenna techniques and spatial isolation:  For SBFD deployments, gNB antenna configurations should be based on two panels configuration with split of the antenna elements for simultaneous downlink transmission and uplink reception as shown in Figure 4. on the other hand, for legacy TDD deployments, gNB antenna configuration is based on single panel for downlink transmission or uplink reception. With the split panel architecture, the gNB can enable larger spatial isolation is an essential component to mitigate self-interference. In addition, the physical separation between the two panels could be used to add electro-magnetic spatial duplexer that enhances the spatial isolation between the panels. 


Figure 1 gNB antenna/panels configuration in TDD and SBFD modes
Based on the required input from RAN1 [2], RAN4 should discuss the value ranges for the spatial isolation gNB’s capability. RF measurements for the Tx-Rx spatial fields, including near-field Tx and Rx gains, has been conducted and results are shown in detail in [4], where it has been shown that more than 80 dB of spatial isolation could be achieved using two separate panels with spatial duplexer.

Frequency isolation: DL and UL transmissions can be separated in the frequency domain via multiplexing of the DL and UL using non-overlapping DL and UL sub-bands. As a result, large frequency isolation for the UL signal reception is attained. For RAN4 further considerations, the frequency isolation represents the ratio of the power of non-linear leakage into the UL subband to the power of the DL signal at the DL subband, which can be approximated by the ACLR (Adjacent Channel Leakage Ratio) requirements specified by RAN4. RAN1 has requested RAN4 to provide value range for the frequency isolation capability of the gNB as well as the accompanying assumptions to those values. RAN4 to agree on approximating the frequency isolation gNB’s capability with RAN4 gNB ACLR requirements, which equals to 45 dB for FR1.

Beam nulling and clutter mitigation: In FR1, the DL precoder and UL combiner weights could be optimized to provide some beamform nulling for the clutter and/or self-interference, with additional degrees of freedom for massive MIMO deployments. Beamforming nulling is an efficient technique for clutter mitigation. For clutter mitigation, proper selection Tx and Rx beam pair can be used to alleviate the clutter impact, which results from the transmitted signal travelling through the wireless medium and impinging on different scatterers and reflectors. Based on measurements conducted in [4], additional self-interference cancellation utilizing beam nulling in the value range of 5-10 dB was achieved for massive MIMO deployment. 

Digital residual self-interference cancellation: The nonlinearities introduced by the gNB front-end due to non-ideal components of the Tx chain will lead to residual non-linear self-interference that cannot be fully captured in the RF or analog domain due to the associated high complexity, high sensitivity of the canceler and the system’s stability. In this regard, leveraging adaptive filtering and non-linear modeling of the residual self-interference to accurately model and cancel the residual self-interference is performed to provide additional mitigation in the digital domain and enable higher MCS. A non-linear interference cancellation measurement has been conducted in [4] and it was shown that 10-15 dB of additional mitigation can be achieved in the digital domain. 
Aggregate self-interference mitigation capability: Based on the above self-interference mitigation budgets, one can drive a value range for the Residual Self Interference, as defined by RSI ) at the gNB for SBFD deployments. In Table 1, the different self-interference mitigation components and the aggregate value for the gNB were presented. 
Table 1 Aggregate self-interference mitigation budget
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Proposal 1: RAN4 should decide on the acceptable range for RSI, to guarantee the operation of SBFD without self-interference.

Conclusions
In this document, we summarized the key RF parameters that can mitigate the impact of self-interference. 

Proposal 1: RAN4 should decide on the acceptable range for RSI, to guarantee the operation of SBFD without self-interference.
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 Mitigation capability for FR1 (FR2)  

Ant. isolation  80 dB   (80 - 90 dB)  

Freq.  isolation   ( ACL R)  45 dB   (28 dB)  

Tx/Rx   beam nulling   or beam isolation  5~10   dB   (5~10   dB )  

Digital IC  10~15   dB   (10 dB)  

RSI  𝜶 𝑺𝑰 ( 𝒏 , 𝒎 )  140~150 dB (120 - 140 dB)  
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