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[bookmark: _Toc116995841]Introduction
In RAN4 #108 a TP to TR 38.858 was endorsed in [1] containing the input of the different companies on the feasibility of FR1 BS aspects. In this document we provide our views on the conclusions of the SBFD feasibility analysis considering the inputs provided until RAN4 #108 for WA and MR base stations.
Discussion
Wide Area base station
Self-interference analysis
In RAN4 #108, companies provided input on the feasibility analysis of SBFD for FR1 base stations. Considering the self-interference feasibility analysis for the WA base station, the inputs were collected in the summary table provided in Section 9.2.1.1 [1]. The feasibility analysis of the different companies varied in terms of: 
· BS transmit power: from 49 dBm to 54 dBm
· Spatial isolation capability: from 65 dBc to 80 dBc 
· The spatial isolation techniques include Rx/Tx panel separation, use of absorbing materials, and/or choke structures.
· TX beam nulling/ isolation capability: from 10 dB to 15 dB with a corresponding loss of DL EIRP between 0-5 dBc
· RF Interference cancellation techniques and capability: 4 companies proposed 0 dBc, while 2 companies proposed values between 10 to 15 dBc by using analog filters.
· One concern is that analogue IC requires a large number of inter-connections between transmitter and receiver paths to detect the signal at each transmitter as well as remove the interference in the receiver. Another raised concern is that doing the interference subtraction before the LNA introduces additional insertion losses.
· Frequency isolation capability at the Rx: 4 companies proposed values between 15 dBc to 80 dBc, while 2 companies proposed 0 dBc
· Frequency isolation techniques proposed by companies include digital filtering, analog sub-band filtering or a combination of both. 
· For analog sub-band filter, some of the concerns raised by companies include: significant insertion loss, high power consumption, large guardbands between UL and DL, and/or insufficient space in a AAS BS. 
· For digital filtering techniques, there are concerns that these techniques are not applicable since the receiver is in high non-linearity.
· Digital interference cancellation techniques: 4 companies proposed values between 10 dBc to 20 dBc, while 2 companies proposed 0 dBc
· Concerns on digital SIC include: not applicable since the receiver is in high non-linearity, or may only help to cancel the fundamental DL signal instead of the unwanted emission components. 
All the aspects above resulted in different conclusions regarding the feasibility of SBFD for Wide Area base stations, based on the self-interference analysis.
There is no consensus on the feasibility of SBFD for WA base station, based on the self-interference analysis provided in Sections 9.2.1.1 and 9.2.1.2 of the TP endorsed in RAN4 #108. 
Capture in the conclusions of the self-interference analysis for WA BS the views provided by the different companies, as: The feasibility study on self-interference in Section 9.2.1.2 and the summary table provided in Section 9.2.1.1 presents companies’ views on the feasibility of SBFD for WA BS in FR1. 3 sources [Ericsson, CATT and Nokia] showed that the required RSIC budget is higher than the overall RSIC capability.  The range of overall RSIC capability obtained by these sources varies from 121 dB to 125 dB, while the range of required RSIC budged varied from 150.99 dB to 156 dB, which would result in high desensitization of the receiver. Other 3 sources [Qualcomm, Samsung, and Huawei] showed that the achieved RSIC capability exceeds the required RSIC budget, meaning that the 1 dB desensitization may be achieved. In this case, the range of overall RSIC capability is from 150.6 dB to 155 dB, while the range of required RSIC budget is from 149 dB to 155 dB.
The RSIC assumptions differ in terms of: 
· BS transmit power
· Spatial isolation capability
· Spatial isolation techniques
· TX beam nulling/ isolation capability
· Frequency isolation at the Rx
· RF and Digital interference cancellation capabilities
Based on the study on self-interference in Section 9.2.1.2 and the summary table provided in Section 9.2.1.1, there is no consensus on the feasibility of SBFD for the WA BS in FR1. 
Co-channel inter-sub-band co-site inter-sector interference analysis
As in the discussion above, the co-channel inter-sub-band co-site inter-sector interference analysis from different companies would result in different conclusions on the feasibility of SBFD with 1 or more co-site inter-sectors. The analysis is captured in Sections 9.2.2.1 and 9.2.2.2 of the draft TR 38.858 endorsed in [1].
The feasibility analysis of the different companies varied in terms of: 
· BS transmit power – from 49 dBm to 54 dBm.
· Number of co-site co-channel sectors considered: 1 to 2
· Spatial isolation capability: from 60 dBc to 100 dBc
· Physical separation between the sectors: from 400 mm to 2.5 m
· Other spatial isolation techniques: EM conjugated structure between sectors, absorbing material and choke structure. 
· TX beam nulling/ isolation capability: from 0 dB to 10 dB
· Interference cancellation techniques and capability: from 0 dBc to 15 dBc
· Frequency isolation capability at the Rx: from 0 dBc to 80 dBc
· Frequency isolation techniques at the Rx: digital filtering, FFT frequency selectivity and sub-band analog filter.
· Rx beam-nulling: from 0 dB to 10 dB
· Digital processing interference suppression capability: from 0 dB to 20 dB

There is no consensus on the feasibility of SBFD for WA base station, based on the co-channel inter-sub-band co-site inter-sector interference analysis provided in Sections 9.2.2.1 and 9.2.2.2 of the TP endorsed in RAN4 #108. 
Capture in the conclusions of the co-channel inter-sub-band co-site inter-sector interference analysis for WA BS, the views provided by the different companies, as: The feasibility study on co-channel inter-subband co-site inter-sector interference in Section 9.2.2.2 and the summary table provided in Section 9.2.2.1 detail companies’ views on the feasibility of SBFD for WA BS in FR1. 2 sources [Ericsson, Nokia] showed that the receiver is saturated, and that RX processing is not feasible. 2 sources [Samsung, Huawei] showed that the total interference in the RX subband would be below the noise floor, causing between 1 dB to 1.29 dB desensitization. 
The interference suppression techniques assumptions by the different companies vary in terms of:
· BS transmit power
· Number of co-site, co-channel sectors and the separation between them 
· Spatial isolation and use of absorbing material and choke structure
· Use of TX beam nulling
· Frequency isolation at the RX
· Use of Rx beam nulling
· Digital interference suppression capability.
Based on the feasibility study on co-channel inter-subband co-site inter-sector in Section 9.2.2.2 and the summary table provided in Section 9.2.3.1, there is no consensus on the feasibility of SBFD for the WA BS in FR1. 

Medium Range base station

Self-interference analysis
In RAN4 #108, companies also provided input on the feasibility analysis of SBFD for MR FR1 base stations. Considering the self-interference feasibility analysis for the MR base station, the inputs were collected in the summary table provided in Section 9.3.1.1 [1]. The feasibility analysis of the different companies varied in terms of: 
· BS transmit power – from 30 dBm to 38 dBm
· Spatial isolation capability: from 60 dBc to 70 dBc 
· The spatial isolation techniques include Rx/ Tx panel separation, use of absorbing materials, and/or choke structures.
· TX beam nulling/ isolation capability: from 0 dBc to 10 dBc, with corresponding loss of DL EIRP between 1-5 dBc
· RF Interference cancellation techniques and capability: 2 companies reported 0 dBc while one company reported 20 dBc achieved using sub-band filtering.
· Some of the concerns on RF IC include: large number of inter-connections between transmitter and receiver paths to detect the signal at each transmitter as well as remove the interference in the receiver, and prevention of sub-band precoding or multi-carrier operation.
· Frequency isolation capability at the Rx: 2 companies reported 0 dBc while one company reported 60 dBc achieved with sub-band filtering.
· Rx beam nulling capability: 2 companies reported 0 dBc while one company reported 0-10 dBc achieved as part of the digital baseband combining.
· Digital interference cancellation: values between 0 to 20 dBc were reported depending on implementation.
All the aspects above resulted in different conclusions regarding the feasibility of SBFD for Medium range base stations, based on the self-interference analysis.
There is no consensus on the feasibility of SBFD for MR base station, based on the self-interference analysis provided in Sections 9.3.1.1 and 9.3.1.2 of the TP endorsed in RAN4 #108. 
 Capture in the conclusions of the self-interference analysis for MR BS, the views provided by the different companies, as:  The feasibility study on self-interference in Section 9.3.1.2 and the summary table provided in Section 9.3.1.1 provide companies’ views on the feasibility of SBFD for MR BS in FR1. 2 sources [Nokia, Ericsson] show that the required RSIC budget is higher than the overall RSIC capability. The range of RSIC capability is between 110 dBc and 128 dBc, while the required RSIC budget is 134 dBc. These sources consider either a realistic implementation, or the minimum RAN4 requirements.  2 sources [ZTE, Ericsson] showed that it is possible to achieve RSIC capability higher than the required RSIC budged, when lower BS transmit power or an optimized implementation are considered. In this case, the overall RSIC capability varied from 130.4 dBc to 134 dBc, while the range of required RSIC budget varied from 127 to 134 dBc. 
The presented RSIC assumptions vary in terms of:  
· Spatial isolation capability and spatial isolation techniques 
· TX beam nulling/ isolation capability 
· Blocker suppression at the RX 
· Frequency isolation at the RX 
· Digital interference cancellation capabilities 
Based on the feasibility study on self-interference in Section 9.3.1.2 and the summary table provided in Section 9.3.1.1, it is concluded that assuming the RAN4 minimum requirements and the maximum BS transmit power, SBFD for MR base stations in FR1 is not feasible. Considering reduced BS transmit power or an optimized receiver, SBFD for MR base stations is feasible.  

Co-channel inter-sub-band co-site inter-sector interference analysis

In RAN4 #108, companies also provided input on the feasibility analysis of SBFD for MR FR1 base stations. Considering the co-channel inter-sub-band co-site inter-sector interference feasibility analysis for the MR base station, only one company provided input to the summary table in Section 9.3.2.1 [1], showing that the desensitization due to co-channel inter-sub-band co-site inter-sector interference would be between 4 dB and 22 dB, depending on the beam direction. 
One company provided results to the feasibility of SBFD for MR base station, based on the co-channel inter-sub-band co-site inter-sector interference analysis, showing that the desensitization due to the co-channel inter-sub-band co-site inter-sector interference would be between 4 dB and 22 dB. 
Capture in the conclusions of the co-channel inter-sub-band co-site inter-sector interference analysis for MR BS, the following: The feasibility study on co-channel inter-subband co-site inter-sector interference in Section 9.3.2.2 and the summary table provided in Section 9.3.2.1 detail companies’ views on the feasibility of SBFD for MR BS in FR1. 1 source [Ericsson] provided results in the summary table. The results show that the total interference would be between -94 dBm and -74 dBm, which is above the noise floor. The desensitization due to inter-sector interference only would be between 4 to 22 dB, depending on the beam direction. 
Based on the study on co-channel inter-subband co-site inter-sector in Section 9.3.2.2 and the summary table provided in Section 9.3.2.1, SBFD for the MR BS in FR1 is not feasible when co-channel co-site sectors are considered. 

Based on the discussion above, we would like to propose that the TP to TR 38.858 below is considered.
TP to TR 38.858

[bookmark: _Toc134691807]<Start of TP>
9.2.1.3	Conclusion
Editor's note: This section captures the conclusion for feasibility study on self-interference based on RAN4 agreement. 
The feasibility study on self-interference in Section 9.2.1.2 and the summary table provided in Section 9.2.1.1 presents companies’ views on the feasibility of SBFD for WA BS in FR1. 3 sources [Ericsson, CATT and Nokia] showed that the required RSIC budget is higher than the overall RSIC capability.  The range of overall RSIC capability obtained by these sources varies from 121 dB to 125 dB, while the range of required RSIC budged varied from 150.99 dB to 156 dB, which would result in high desensitization of the receiver. Other 3 sources [Qualcomm, Samsung, and Huawei] showed that the achieved RSIC capability exceeds the required RSIC budget, meaning that the 1 dB desensitization may be achieved. In this case, the range of overall RSIC capability is from 150.6 dB to 155 dB, while the range of required RSIC budget is from 149 dB to 155 dB.
The presented RSIC assumptions vary in terms of: 
· BS transmit power
· Spatial isolation capability and spatial isolation techniques
· TX beam nulling/ isolation capability
· Blocker suppression at the RX
· Frequency isolation at the Rx
· Digital interference cancellation capabilities
Based on the study on self-interference in Section 9.2.1.2 and the summary table provided in Section 9.2.1.1, there is no consensus on the feasibility of SBFD for the WA BS in FR1. 
<Unchanged sections are omitted>
[bookmark: _Hlk142656802]9.2.2.3	Conclusion
Editor's note: This section captures the conclusion for feasibility study on co-channel inter-sub-band co-site inter-sector interference based on RAN4 agreement. 
[bookmark: _Toc134691811]The feasibility study on co-channel inter-sub-band co-site inter-sector interference in Section 9.2.2.2 and the summary table provided in Section 9.2.2.1 detail companies’ views on the feasibility of SBFD for WA BS in FR1. 2 sources [Ericsson, Nokia] showed that the receiver is saturated, and that RX processing is not feasible. 2 sources [Samsung, Huawei] showed that the total interference in the RX subband would be below the noise floor, causing between 1 dB to 1.29 dB desensitization. 
The interference suppression techniques assumptions by the different companies vary in terms of:
· BS transmit power
· Number of co-site, co-channel sectors and the separation between them (from 400 mm to 2.5 m)
· Spatial isolation and use of absorbing material and choke structure
· Use of TX beam nulling
· Frequency isolation at the RX
· Digital interference suppression capability.
Based on the feasibility study on co-channel inter-subband co-site inter-sector in Section 9.2.2.1 and the summary table provided in Section 9.2.2.2, there is no consensus on the feasibility of SBFD for the WA BS in FR1. 
<Unchanged sections are omitted>
9.3.1.3	 	Conclusion 

The feasibility study on self-interference in Section 9.3.1.2 and the summary table provided in Section 9.3.1.1 provide companies’ views on the feasibility of SBFD for MR BS in FR1. 2 sources [Nokia, Ericsson] show that the required RSIC budget is higher than the overall RSIC capability. The range of RSIC capability is between 110 dBc and 128 dBc, while the required RSIC budget is 134 dBc. These sources consider either a realistic implementation, or the minimum RAN4 requirements.  2 sources [ZTE, Ericsson] showed that it is possible to achieve RSIC capability higher than the required RSIC budged, when lower BS transmit power or an optimized implementation are considered. In this case, the overall RSIC capability varied from 130.4 dBc to 134 dBc, while the range of required RSIC budget varied from 127 to 134 dBc. 
The presented RSIC assumptions vary in terms of:  
· Spatial isolation capability and spatial isolation techniques 
· TX beam nulling/ isolation capability 
· Blocker suppression at the RX 
· Frequency isolation at the RX 
· Digital interference cancellation capabilities 
Based on the feasibility study on self-interference in Section 9.3.1.2 and the summary table provided in Section 9.3.1.1, it is concluded that assuming the RAN4 minimum requirements and the maximum BS transmit power, SBFD for MR base stations in FR1 is not feasible. Considering reduced BS transmit power or an optimized receiver, SBFD for MR base stations is feasible.  


<Unchanged sections are omitted>
9.3.2.3 Conclusion
The feasibility study on co-channel inter-sub-band co-site inter-sector interference in Section 9.3.2.2 and the summary table provided in Section 9.3.2.1 detail companies’ views on the feasibility of SBFD for MR BS in FR1. 1 source [Ericsson] provided results in the summary table. The results show that the total interference would be between -94 dBm and -74 dBm, which is above the noise floor. The desensitization due to inter-sector interference only would be between 4 to 22 dB, depending on the beam direction.
Based on the study on co-channel inter-subband co-site inter-sector in Section 9.3.2.2 and the summary table provided in Section 9.3.2.1, SBFD for the MR BS in FR1 is not feasible when co-channel co-site sectors are considered.
<End of TP>
Conclusions
In this document, we proposed conclusions to the feasibility analysis for the MR and WA BS, based on the analysis of all companies submitted up to RAN4 #108. The following observations and proposals are discussed: 
1. There is no consensus on the feasibility of SBFD for WA base station, based on the self-interference analysis provided in Sections 9.2.1.1 and 9.2.1.2 of the TP endorsed in RAN4 #108. 
1. Capture in the conclusions of the self-interference analysis for WA BS the views provided by the different companies, as: The feasibility study on self-interference in Section 9.2.1.2 and the summary table provided in Section 9.2.1.1 presents companies’ views on the feasibility of SBFD for WA BS in FR1. 3 sources [Ericsson, CATT and Nokia] showed that the required RSIC budget is higher than the overall RSIC capability.  The range of overall RSIC capability obtained by these sources varies from 121 dB to 125 dB, while the range of required RSIC budged varied from 150.99 dB to 156 dB, which would result in high desensitization of the receiver. Other 3 sources [Qualcomm, Samsung, and Huawei] showed that the achieved RSIC capability exceeds the required RSIC budget, meaning that the 1 dB desensitization may be achieved. In this case, the range of overall RSIC capability is from 150.6 dB to 155 dB, while the range of required RSIC budget is from 149 dB to 155 dB.
The RSIC assumptions differ in terms of: 
· BS transmit power
· Spatial isolation capability
· Spatial isolation techniques
· TX beam nulling/ isolation capability
· Frequency isolation at the Rx
· RF and Digital interference cancellation capabilities
Based on the study on self-interference in Section 9.2.1.2 and the summary table provided in Section 9.2.1.1, there is no consensus on the feasibility of SBFD for the WA BS in FR1. 
There is no consensus on the feasibility of SBFD for WA base station, based on the co-channel inter-sub-band co-site inter-sector interference analysis provided in Sections 9.2.2.1 and 9.2.2.2 of the TP endorsed in RAN4 #108. 
Capture in the conclusions of the co-channel inter-sub-band co-site inter-sector interference analysis for WA BS, the views provided by the different companies, as: The feasibility study on co-channel inter-subband co-site inter-sector interference in Section 9.2.2.2 and the summary table provided in Section 9.2.2.1 detail companies’ views on the feasibility of SBFD for WA BS in FR1. 2 sources [Ericsson, Nokia] showed that the receiver is saturated, and that RX processing is not feasible. 2 sources [Samsung, Huawei] showed that the total interference in the RX subband would be below the noise floor, causing between 1 dB to 1.29 dB desensitization. 
The interference suppression techniques assumptions by the different companies vary in terms of:
· BS transmit power
· Number of co-site, co-channel sectors and the separation between them 
· Spatial isolation and use of absorbing material and choke structure
· Use of TX beam nulling
· Frequency isolation at the RX
· Use of Rx beam nulling
· Digital interference suppression capability.
Based on the feasibility study on co-channel inter-subband co-site inter-sector in Section 9.2.2.2 and the summary table provided in Section 9.2.3.1, there is no consensus on the feasibility of SBFD for the WA BS in FR1. 
There is no consensus on the feasibility of SBFD for MR base station, based on the self-interference analysis provided in Sections 9.3.1.1 and 9.3.1.2 of the TP endorsed in RAN4 #108. 
 Capture in the conclusions of the self-interference analysis for MR BS, the views provided by the different companies, as:  The feasibility study on self-interference in Section 9.3.1.2 and the summary table provided in Section 9.3.1.1 provide companies’ views on the feasibility of SBFD for MR BS in FR1. 2 sources [Nokia, Ericsson] show that the required RSIC budget is higher than the overall RSIC capability. The range of RSIC capability is between 110 dBc and 128 dBc, while the required RSIC budget is 134 dBc. These sources consider either a realistic implementation, or the minimum RAN4 requirements.  2 sources [ZTE, Ericsson] showed that it is possible to achieve RSIC capability higher than the required RSIC budged, when lower BS transmit power or an optimized implementation are considered. In this case, the overall RSIC capability varied from 130.4 dBc to 134 dBc, while the range of required RSIC budget varied from 127 to 134 dBc. 
The presented RSIC assumptions vary in terms of:  
· Spatial isolation capability and spatial isolation techniques 
· TX beam nulling/ isolation capability 
· Blocker suppression at the RX 
· Frequency isolation at the RX 
· Digital interference cancellation capabilities 
Based on the feasibility study on self-interference in Section 9.3.1.2 and the summary table provided in Section 9.3.1.1, it is concluded that assuming the RAN4 minimum requirements and the maximum BS transmit power, SBFD for MR base stations in FR1 is not feasible. Considering reduced BS transmit power or an optimized receiver, SBFD for MR base stations is feasible.  

One company provided results to the feasibility of SBFD for MR base station, based on the co-channel inter-sub-band co-site inter-sector interference analysis, showing that the desensitization due to the co-channel inter-sub-band co-site inter-sector interference would be between 4 dB and 22 dB. 
Capture in the conclusions of the Co-channel inter-sub-band co-site inter-sector interference analysis for MR BS, the following: The feasibility study on co-channel inter-subband co-site inter-sector interference in Section 9.3.2.2 and the summary table provided in Section 9.3.2.1 detail companies’ views on the feasibility of SBFD for MR BS in FR1. 1 source [Ericsson] provided results in the summary table. The results show that the total interference would be between -94 dBm and -74 dBm, which is above the noise floor. The desensitization due to inter-sector interference only would be between 4 to 22 dB, depending on the beam direction. 
Based on the study on co-channel inter-subband co-site inter-sector interference in Section 9.3.2.2 and the summary table provided in Section 9.3.2.1, SBFD for the MR BS in FR1 is not feasible when co-channel co-site sectors are considered. 
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