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1. Introduction
Rel-18 Study Item is approved on Study on evolution of NR duplex operation with the target to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operation. According to latest SID in [1], in this RAN1 led SI tasks for RAN4 scope are explicitly stated as below:
	· 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).


[bookmark: _Hlk131931386]In RAN4#104-bis-e, WF on SBFD feasibility study and RF impacts from BS aspects was agreed [4], which includes the further WF based upon the agreement on August meeting [2][3]. In RAN4#105, further agreements and way forwards have been achieved and captured in [6] and reply LS to RAN1 for interference modelling and subband configuration has been approved in [8].  In RAN4#106, WFs on SBFD BS feasibility study on the self-interference and co-channel inter-sector interference are approved in [9] and [10] respectively, and one reply LS to RAN1 on interference modelling has been approved in [11]. In RAN4#106-Bis-e, WFs on SBFD BS feasibility study on the self-interference and co-channel inter-sector interference are approved in [13] and [14] respectively, and one further reply LS to RAN1 on interference modelling has been approved in [15].
Accordingly, in this contribution, we would like to further provide our views on the feasibility and RF impact of SBFD from FR1 BS aspects.  
2 SBFD Self-Interference Modeling
Based upon the RAN4 discussion over RAN4#104-e and RAN4#104-bis-e, the RSIC capability is broken down into four aspects: (1) spatial isolation; (2) frequency isolation; (3) beam nulling/isolation and (4) digital IC. And based upon the inputs from companies, the ranges for values of (1)-(4) are summarized in table 1 of reply LS [2]; however, the detailed ranges are the supersets of results provided from source companies which require further feasibility analysis. During RAN4#105, a more detailed RSIC analysis framework has been approved [6], and further agreements are achieved in the approved WF [9] and response LS to RAN1 [11]. 
2.1 RSIC Capability for FR1 BS 
Based on our hardware PoC and further analysis of the component RSIC capability, we have provided our FR1 RSIC budget calculation in [16], which we have no update for this meeting. We propose that corresponding analysis can be captured in TR (see below Text Proposal in the Appendix). 

3 Co-channel Inter-Subband gNB-gNB CLI Modeling
3.1 Existing RAN4 Agreement
Based on the approved WF [6] as below, there are two key issues to be further discussed for co-channel co-site inter-sector gNB-gNB CLI evaluation: (1) the analysis framework, and (2) the achievable antenna isolation in the case of co-site inter-sector gNB-gNB CLI.   
	Agreement: 
· FFS the analysis framework co-channel co-site inter-sector gNB-gNB CLI
· FFS the RSIC analysis framework can be reused or not. 
· For co-channel co-site inter-sector gNB-gNB CLI modelling, it is encouraged to provide the numerical value for: 
· The achievable coupling loss in the case of co-site inter-sector gNB-gNB
· Compared to self-interference, FFS the antenna isolation (with the achievable coupling loss). 
· Information about the following aspects can be provided: 
· Operating band
· BS class
· Inter-sector distance
· Details about isolation structure
· Other site considerations



And based on approved WF [10], the following agreements are agreed: 
	Agreement 
Inter-sector isolation value range
· Regarding spatial isolation values, the following values have been proposed for macro BS in RAN4: 
· FR1: 62-93dB with 75dB being typical values.
· FR2: 75-98dB with 88dB being typical values.
· Some companies have proposed that isolating materials could be added between sectors to increase the isolation. RAN4 has not yet discussed the details of what kind of materials and the building practice or whether such approaches can be applied to outdoor sites. Further improvement over the spatial isolation is FFS.  
· In forthcoming meetings values for macro and other BS classes should be proposed

Agreement 
Evaluation of inter-sector interference impacts
· For co-channel co-site inter-sector inter-gNB CLI, RAN4 to reuse the self-interference analysis framework with revisited mitigation capabilities if found necessary:
· FFS how much desense because of co-site inter-sector CLI
· FFS 1dB desense (in additional to the self-interference) can be used as starting point for further study.
· FFS the desense value contains the interference from both neighboring sectors or from only one neighboring sector.  

· The following analysis framework has been provided as an example. It is not agreed, but is provided as a reference for further discussion



Furthermore, in the latest RAN4 meeting, based on approved WF [14], the following agreements are agreed: 
	Agreements: 
· For co-channel co-site inter-sector CLI, company can report XdB desense (or YdB relative to RX noise floor) in additional to the self-interference in the implementation feasibility study, for which company can report it contains the interference from single or both co-site neighboring sectors.
· There is no necessity to define a criterion in terms of desense on co-channel co-site inter-sector CLI for implementation feasibility study. 
· For the proposed inter-sector table, the wrongly used term “RSIC shall be corrected.
· The same framework can be applied for co-existence study 

The following agreement applies also to co-site co-channel inter-sector analysis:
· Add subsection (e.g., one subsection per company) to allow companies’ technical input for at least WA BS, and other BS classes if the need justified. Based on that, the conclusion can be made based on the condition that certain techniques are utilized etc.
· Summary sub-section shall be considered to harmonize the common understating from RAN4 if possible and summarize the input from companies.

Template for capturing co-site inter-sector co-channel interference impact

<Way forward>:
•	Proposal for table name:
•	Co-site inter-sector co-channel interference table
•	Proposal for table format: <omitted here>



3.2 Further Discussion on FR1
[bookmark: _Hlk131953368]3.2.1 Co-site inter-sector co-channel gNB-gNB CLI
[bookmark: _Hlk131953386]By using the detailed analysis framework provided in our paper [12], and based on the updated template for co-site inter-sector co-channel interference, we provided the analysis as follows. 
[bookmark: _Hlk131953398][bookmark: _Hlk132021732]Observation 1: Samsung’s input for co-site inter-sector co-channel CLI for FR1 BS is provided in the following table, in which the interference from one co-site sector can be suppressed to the level lower than noise floor by 5dB.
Table-1 Co-site inter-sector co-channel interference table with Samsung input
	FR1
	Samsung

	BS class
	Wide 
Area BS

	BS TX Power  = ① dBm
	49 dBm

	Number of co-site co-channel sectors considered
	1

	Component 
capability and parameters
	Frequency isolation at TX
	Frequency isolation capability  = ② dBc
	45 dBc

	
	
	Frequency isolation 
techniques used
	DPD utilized

	
	Spatial isolation
	Co-channel Co-site Inter-sector 
Spatial isolation capability 
 = ③  dBc
	[100] dBc

	
	
	Co-channel Co-site Inter-sector 
Spatial isolation 
techniques used
	Based on 75dB for typical spatial isolation, additional 25dB by installing EM conjugated structure between sectors

	
	TX Beam nulling /isolation of inter-sector interference in TX sub-band
= ④ dBc
	10 dBc

	
	DL EIRP impact due to beam nulling in TX sub-band (considering all nulling for self- and inter-sector interference)
	Neglectable. 

	
	Interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.  due to inter-sector interference (Note 1)
	-106dBm

	
	Interference signal in gNB TX subband, measured at the input of LNA (Note 1) due to inter-sector interference
	-61dBm

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	40 dBc

	
	
	Frequency isolation techniques 
	Filtering

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-20dBm

	
	
	
	Rx IM3 contribution (dBm)
	-143dBm

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	N/A

	
	Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized due to co-site inter-sector co-channel interference only 
(Note 1, 2)
	Note: Each company to explain if/how they have separated CSSI and SI when considering IM3

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	10 dB

	
	RX sensitivity degradation caused by RX beam nulling
	Neglectable.

	
	Digital processing interference supression capability
	Not used in this case, but technical possible if spatial isolation is lower

	Total interference in RX SB (dBm) (Note 2)
	-99.8 dBc

	Noise floor ⑩dBm
	-95 dBm/CBW

	Calculated Desensitization (dB)
	5 dB

	SBFD configuration
	DUD(40-20-40MHz)

	Guardband assumption (if exist)
	5 PRB

	bandwidth over which suppression is achieved
	20MHz

	Others
	

	Note 1: Relevant metrics are derived from other parameters for checking purpose. 
Note 2: The relevant metric is gain-normalized, with reference point assumed to be at RX antenna. 
Note 3: The notations ①②③④⑤⑥⑦⑧⑨⑩⑪ are used to indicate the decimal values of the corresponding metrics.
Note 4: The abbreviation CSSI refers to co-site co-channel inter-sector interference in this table




4. Conclusion
In this contribution, we provided our viewpoints on the feasibility and RF impact of SBFD from FR1 BS aspects, accordingly the following observation is obtained: 
Observation 1: Samsung’s input for co-site inter-sector co-channel CLI for FR1 BS is provided in the following table, in which the interference from one co-site sector can be suppressed to the level lower than noise floor by 5dB.
Table-1 Co-site inter-sector co-channel interference table with Samsung input
	FR1
	Samsung

	BS class
	Wide 
Area BS

	BS TX Power  = ① dBm
	49 dBm

	Number of co-site co-channel sectors considered
	1

	Component 
capability and parameters
	Frequency isolation at TX
	Frequency isolation capability  = ② dBc
	45 dBc

	
	
	Frequency isolation 
techniques used
	DPD utilized

	
	Spatial isolation
	Co-channel Co-site Inter-sector 
Spatial isolation capability 
 = ③  dBc
	[100] dBc

	
	
	Co-channel Co-site Inter-sector 
Spatial isolation 
techniques used
	Based on 75dB for typical spatial isolation, additional 25dB by installing EM conjugated structure between sectors

	
	TX Beam nulling /isolation of inter-sector interference in TX sub-band
= ④ dBc
	10 dBc

	
	DL EIRP impact due to beam nulling in TX sub-band (considering all nulling for self- and inter-sector interference)
	Neglectable. 

	
	Interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.  due to inter-sector interference (Note 1)
	-106dBm

	
	Interference signal in gNB TX subband, measured at the input of LNA (Note 1) due to inter-sector interference
	-61dBm

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	40 dBc

	
	
	Frequency isolation techniques 
	Filtering

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-20dBm

	
	
	
	Rx IM3 contribution (dBm)
	-143dBm

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	N/A

	
	Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized due to co-site inter-sector co-channel interference only 
(Note 1, 2)
	Note: Each company to explain if/how they have separated CSSI and SI when considering IM3

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	10 dB

	
	RX sensitivity degradation caused by RX beam nulling
	Neglectable.

	
	Digital processing interference supression capability
	Not used in this case, but technical possible if spatial isolation is lower

	Total interference in RX SB (dBm) (Note 2)
	-99.8 dBc

	Noise floor ⑩dBm
	-95 dBm/CBW

	Calculated Desensitization (dB)
	5 dB

	SBFD configuration
	DUD(40-20-40MHz)

	Guardband assumption (if exist)
	5 PRB

	bandwidth over which suppression is achieved
	20MHz

	Others
	

	Note 1: Relevant metrics are derived from other parameters for checking purpose. 
Note 2: The relevant metric is gain-normalized, with reference point assumed to be at RX antenna. 
Note 3: The notations ①②③④⑤⑥⑦⑧⑨⑩⑪ are used to indicate the decimal values of the corresponding metrics.
Note 4: The abbreviation CSSI refers to co-site co-channel inter-sector interference in this table
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6. Appendix-1: TP to TR38.858 on SBFD Implementation feasibility of SBFD on FR1 BS aspects
Based on the agreement that “The TR section “10.2 Feasibility of FR1 Wide Area BS aspects” shall be further broken-down to harmonize the common understating from RAN4 if possible and summarize the input from companies”, RAN4 has agreed the TR skeleton breakdown for section 10.2. Based on that, we would like to provide our input. 

< START OF Text Proposal >
10 	Implementation feasibility of SBFD  
Editor's note: This section captures the feasibility 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, as well as feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4). 
10.1 Background for analysis
Editor's note: This section captures the overall description of all potential approaches and key enablers for SBFD
10.2 Feasibility of FR1 Wide Area BS aspects
10.2.1	Self-interference analysis
Editor's note: This section captures the typical assumption based on which the RSIC capability is derived and analysis results
10.2.1.1	Summary table for self-interference analysis
Editor's note: This section captures the summary table which is based on self-interference analysis framework. 
Based upon the RAN4 discussion over RAN4#104-e and RAN4#104-bis-e, the RSIC capability is broken down into four aspects: (1) spatial isolation; (2) frequency isolation; (3) beam nulling/isolation and (4) digital IC. And based upon the inputs from companies, the ranges for values of (1)-(4) are summarized in table 1 of reply LS [R4-2214376]; however, the detailed ranges are the supersets of results provided from source companies which require further feasibility analysis. During RAN4#105, a more detailed RSIC analysis framework has been approved [R4-2220244], and the following summary is given accordingly to capture inputs from companies. 
Table 10.2.1.1-1: FR1 Self-interference Analysis Summary
	FR1
	Samsung
	
	

	BS class
	Wide 
Area BS
	
	

	BS TX Power  = ① dBm
	49 dBm
	
	

	Component 
capability and parameters
	Frequency isolation at TX
	Frequency isolation capability  = ② dBc
	45 dBc
	
	

	
	
	Frequency isolation 
techniques used
	DPD utilized
	
	

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	80 dBc
	
	

	
	
	Spatial isolation 
techniques used
	TX/RX panel separation and RF barrier structure
	
	

	
	TX Beam nulling /isolation in TX sub-band
= ④ dBc
	5 dBc
	
	

	
	DL EIRP impact due to beam nulling in TX sub-band
	Limited, ~0dB
	
	

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-81 dBm
Note: provided by 
①-②-③-⑨ dBm
	
	

	
	RF IC and other tech. (before LNA)
	RF IC capability and other tech. in TX sub-band  = ⑤ dBc
	25 dBc
	
	

	
	
	RF IC capability and other tech. in RX sub-band  = ⑧ dBc
	0dBc
	
	

	
	
	RF IC techniques and other tech.
(before LNA)
	subband filtering or 
RF interference cancellation
	
	

	
	
	Impacts to RX sensitivity (due to e.g. insertion losses) due to RF IC or other techniques before LNA
	TBA
	
	

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	-61 dBm
Note: provided by 
①-③-④-⑤dBm
	
	

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	40 dBc
	
	

	
	
	Frequency isolation techniques 
	Filtering
	
	

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-20dBm
	
	

	
	
	
	Rx IM3 contribution (dBm)
	-143dBm
	
	

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	N/A
	
	

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2)
	-101 dBm
Note: provided by 
①-③-④-⑤-⑥dBm
	
	

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	5 dBc
	
	

	
	RX sensitivity degradation caused by RX beam nulling
	Limited, ~0dB
	
	

	
	Digital IC  = ⑦ dBc
	20 dBc
	
	

	Overall RSIC capability  (Note 1)
	150.0 dBc
	
	

	Noise floor ⑩dBm
	-95dBm/20MHz
	
	

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	-101 dBm
	
	

	Required RSIC budget (①-⑪dBc)
	150 dBc
	
	

	SBFD configuration
	DUD(40-20-40MHz)
	
	

	Guardband assumption (if exist)
	5 PRB
	
	

	bandwidth over which suppression is achieved
	20MHz
	
	

	Others
	
	
	


10.2.1.2	Feasibility study on self-interference
Editor's note: This section captures the feasibility study on self-interference based on individual companies’ analysis. 
10.2.1.2.1	[Company Name]Samsung
Editor's note: Individual company may provide the analysis assumption/configuration used for the corresponding analysis summarized in 10.2.1.1. Additionally, the views on the preference/views on component technology and corresponding trade-off can be provided and analysed.  
10.2.1.2.1.1 Spatial Isolation 
As agreed in RAN1, in our analysis it’s assumed separate panels for simultaneous downlink transmission and uplink reception as separate-TX/RX antenna array for evaluation of SBFD operation. The basic spatial isolation between RX and TX antenna panels can be achieved by directional isolation. 
Firstly, Tx/Rx isolation can be increased by increasing the spatial distance. Furthermore, an additional RF barrier structure could be useful to further improve Tx/Rx isolation performance, and using the RF barrier between the Tx and Rx panels could also affect the required spatial distance separating the Tx and Rx panels. A well-designed RF barrier can minimize the need for large spatial separation and mostly preserve the existing antenna form factor and enclosed volume comparable to legacy TDD. To design an efficient RF barrier, various electromagnetic resonator structures can be incorporated into the antenna design, e.g., wall(s), gap(s), or a combination of them. These result in surface wave nulling and can further block the undesired leakage signals from the Tx panel to the Rx panel.
Figure 10.2.1.2.1-1 demonstrates the S21 measurement results with respect to the distance between upper and lower antenna panels in our FR1 3.5 GHz SBFD testbed. 
[image: ]      [image: ]   [image: Chart, line chart
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Figure 10.2.1.2.1.1-1: FR1 testbed and SIC performance when varying distance between upper and lower panel
While it can be expected that spatial isolation numbers vary depending on the form and particular layout configuration of antenna elements in the upper and lower panels, we have shown that >80 dB antenna isolation is possible between the Tx and Rx panels in FR1, with reasonable separation distance between upper and lower panel.
An important design consideration for increased spatial isolation provided by the RF barrier is whether such stopband performance is stable over a wide enough frequency range. EM isolators and resonant structures are designed around a specific center frequency, e.g., 3.5 GHz. Therefore, design of the resonant structure must account properly for the channel BW and NR operating band under consideration to provide a sufficiently large stopband between Tx and Rx panel. Another consideration is that undesired Tx/Rx interference is created by multiple EM sources, e.g., antenna elements in the Tx panel. Therefore, diffusion of the corresponding surface waves is more challenging when isolating the Tx and Rx panel. Despite these challenges, our FR1 3.5 GHz testbed have achieved isolation performance that show almost uniform antenna and panel isolation performance with respect to frequency for the 100 MHz channel BW of the NR carrier in 3.5 GHz. 
According to above summary on the applied mechanisms and measurement results, the achievable level for TX and RX spatial isolation without impact on radiation pattern based on compact antenna size is around 80dB for FR1. In other words, at least 80dB for FR1 and 87dB for FR2 are achievable spatial isolation to support SBFD operation.
10.2.1.2.1.2 Beam nulling/isolation
Beam nulling is pending on implementation and antenna array size. For FR1 up to 5dB beam nulling isolation can be contributed to RSI if considered. The value proposed here is pessimistic compared to other companies’ input considering the beam nulling/isolation can’t be perfect considering the reflection/obstacles may make the beam nulling/isolation unseparated.
10.2.1.2.1.3 Frequency isolation at TX
For SBFD, in which the Tx signal and the Rx signal are respectively allocated to non-overlapping frequency-domain resources on the same time-domain symbol for simultaneous transmission and reception, at least the waveform roll-off therefore reduces the magnitude of the Tx-Rx interference to which the Rx signal is subjected. Additionally, BB filtering can be applied to further increase the achievable isolation.
The use of frequency-domain isolation between the Tx and Rx signal allocations is primarily an approach that serves the purpose of reducing the amount of self-interference which must be further cancelled by a digital cancellation stage. Note that TDD gNB radio unit design must also account for ADC and LNA in the receiver path, e.g., to prevent Rx saturation or blocking by the spectral leakage created from the undesired Tx signal.
In the case of gNB-side SBFD operation, the SBFD UL subband can be considered as out-of-channel with respect to the 1 or 2 SBFD DL subband(s). Undesired spectral leakage from the DL Tx signal in the gNB into the Rx path are reduced similar to the case of out-of-channel leakage, e.g., comparable to the gNB Tx-side Adjacent Channel Leakage Ratio (ACLR) for coexistence between two operators on adjacent channels in the same NR band. Note that ACLR is determined by the non-linear characteristics of the PA and corresponding RF requirements are set by RAN4, e.g., 45 dBc for the gNB Tx.
While it can be considered to assume that the achievable Tx-to-Rx interference from the SBFD DL subband to the UL subband can only guarantee performance according to the less stringent in-channel RF requirements, our FR1 3.5 GHz testbed implementation shows that the use of digital pre-distortion (DPD) techniques to improve upon the non-linearity characteristics of the PA can achieve 45 dBc isolation between the SBFD DL and UL subbands. Figure 10.2.1.2.1.3-1  shows the achievable isolation in frequency domain for FR1 SFBD when Tx-to-Rx leakage is also compensated for by DPD based on the FR1 3.5 GHz testbed.
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Figure 10.2.1.2.1.3-1: FR1 testbed and PSD for SBFD DL and UL SBs after antenna isolation and digital pre-distortion

Based on our FR1 testbed, for Frequency isolation at TX, 45 dBc subband leakage ratio between the SBFD DL and UL subband when using non-overlapping frequency resources with digital pre-distortion can be achieved in FR1.

2.2.4 Frequency isolation at RX and RF SIC
To prevent ADC saturation in the Rx path of the gNB radio unit supporting SBFD, Rx filtering can be used to suppress the leakage from the Tx side interfering signal. Additional Rx filters can provide protection to avoid potential dynamic range and saturation issues for ADC or LNA when demodulating the UL subband in the Rx path of the gNB. Note that for RF filters with sharp roll-off’s, the order of the filter must increase, and so must then the size of the filter. Additional insertion losses are incurred which negatively affect the link budget. Additionally, analog filters such as IF and BB filters can be employed. For example, when the receiver is designed to use zero IF architecture, the receiver can use the lowpass filter to further remove the leakage signal after applying the mixer. By combining multiple LNAs, filter loss can be compensated more easily.

2.2.5 Digital IC
As aforementioned theoretically, the digital IC should be with the capability to remove all remaining self-interference if the total level to be handled by ADC input is within its dynamic range. For 12bit ADC with assumption of 12dB PRPA signal, the dynamic range is 50+dB.
The desired received signal is mixed with the undesired DL leakage signal in the Rx path of the gNB radio, e.g., after ADC. The unwanted DL leakage signal must be removed by receiver processing using digital SIC. It is necessary to estimate the interference channel between the Tx panel and the Rx panel. Digital SIC performance is helped when synchronization to accurately remove the Tx signal from the Rx signal can be obtained. In principle, two methods exist to estimate the interference channel. One approach is to store information on a Tx signal that has passed through the PA with a feedback link and then estimate the interference channel over-the-air to remove the interference from the Rx signal. Another approach is to use only over-the-air estimation. Without a feedback link, the whole combined channel can still be estimated through the Rx panel. We used the first approach in the FR1 3.5 GHz testbed and the second approach in the FR2-1 26 GHz testbed.

10.2.1.2.2	[Company Name]
10.2.1.2.3	[Company Name]
10.2.1.3	Conclusion
Editor's note: This section captures the conclusion for feasibility study on self-interference based on RAN4 agreement. 
10.2.2	Co-channel inter-sub-band co-site inter-sector interference analysis
Editor's note: This section captures the typical assumption of RF requirements and analysis results.
Based on the approved WF [R4-2220244] as below, there are two key issues to be further discussed for co-channel co-site inter-sector gNB-gNB CLI evaluation: (1) the analysis framework, and (2) the achievable antenna isolation in the case of co-site inter-sector gNB-gNB CLI.   
10.2.2.1	Summary table for co-channel inter-sub-band co-site inter-sector interference analysis
Editor's note: This section captures the summary table which is based on co-channel inter-sub-band co-site inter-sector interference analysis framework. 
In RAN4#106-bis-e, the updated template for capturing co-site inter-sector co-channel interference impact has been agreed

	FR1 (or FR2-1)
	Company-A
	
	

	BS class
	Wide 
Area BS
	
	

	BS TX Power  = ① dBm
	xxx dBm
	
	

	Number of co-site co-channel sectors considered
	
	
	

	Component 
capability and parameters
	Frequency isolation at TX
	Frequency isolation capability  = ② dBc
	xxx dBc
	
	

	
	
	Frequency isolation 
techniques used
	e.g., DPD, sub-band analog filtering, digital filtering, etc.
Note: List all relevant techniques used in TX
	
	

	
	Spatial isolation
	Co-channel Co-site Inter-sector 
Spatial isolation capability 
 = ③  dBc
	xxx dBc
	
	

	
	
	Co-channel Co-site Inter-sector 
Spatial isolation 
techniques used
	e.g., spatial separation between TX/RX panel; cross polarization; circulator; shielding case; metal fences, etc.
Note: List all relevant techniques used in the evaluation
	
	

	
	TX Beam nulling /isolation of inter-sector interference in TX sub-band
= ④ dBc
	xxx dBc
	
	

	
	DL EIRP impact due to beam nulling in TX sub-band (considering all nulling for self- and inter-sector interference)
	
	
	

	
	Interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.  due to inter-sector interference (Note 1)
	
	
	

	
	Interference signal in gNB TX subband, measured at the input of LNA (Note 1) due to inter-sector interference
	
	
	

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	xxx dBc
	
	

	
	
	Frequency isolation techniques 
	e.g., sub-band analog filtering, digital filtering, etc.
Note: List all relevant techniques used in RX
	
	

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	
	
	

	
	
	
	Rx IM3 contribution (dBm)
	Note: Receiver linearity may depend on both inter-sector interference and self-interference… each company can explain how they calculate IM3
	
	

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	
	
	

	
	Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized due to co-site inter-sector co-channel interference only 
(Note 1, 2)
	Note: Each company to explain if/how they have separated CSSI and SI when considering IM3
	
	

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	xxx dB
	
	

	
	RX sensitivity degradation caused by RX beam nulling
	
	
	

	
	Digital processing interference supression capability
	
	
	

	Total interference in RX SB (dBm) (Note 2)
	xxx dBc
	
	

	Noise floor ⑩dBm
	xxx dBm/CBW
	
	

	Calculated Desensitization (dB)
	xxx dBm
	
	

	SBFD configuration
	
	
	

	Guardband assumption (if exist)
	
	
	

	bandwidth over which suppression is achieved
	
	
	

	Others
	
	
	

	Note 1: Relevant metrics are derived from other parameters for checking purpose. 
Note 2: The relevant metric is gain-normalized, with reference point assumed to be at RX antenna. 
Note 3: The notations ①②③④⑤⑥⑦⑧⑨⑩⑪ are used to indicate the decimal values of the corresponding metrics.
Note 4: The abbreviation CSSI refers to co-site co-channel inter-sector interference in this table
	
	




10.2.2.2	Feasibility study on co-channel inter-sub-band co-site inter-sector interference
Editor's note: This section captures the feasibility study on co-channel inter-sub-band co-site inter-sector interference based on individual companies’ analysis. 
10.2.2.2.1	[Company Name]Samsung
Editor's note: Individual company may provide the analysis assumption/configuration used for the corresponding analysis summarized in 10.2.2.1. Additionally, the views on the preference/views on component technology and corresponding trade-off can be provided and analysed.  
For the below interested scenario, antenna isolation (with the achievable coupling loss) is to be evaluated: 
· 3 sector scenario is under consideration: 
· The angle between every two sectors’ boresight directions is 120 degree;
· Sector antenna panel’s width is 180mm;
· Between two sectors’s antenna panel:
· The center to center distance is: 150mm;
· The nearest distance between edge to edge is: 60mm;
· Three antenna elements are used to form an antenn port. 
· 3.5GHz operating frequency with 100MHz bandwidth.
The above simualtion scenario can be illustrated in the below figure. In the right part of below figure, the top view is presented with the concerned panels of sector 1 and sector 2. 

[image: ]                           [image: ]
Figure 10.2.2.2.1-1: (Left figure) 3-sector scenario for co-channel co-site inter-sector antenna isolation study; 
(Right figure) top view for the 2-sector scenario.

Accordingly, we have performed HFSS-based RF simulation for the above 3-sector scenario, by evaluating the isolation from sector 2 to sector 1. Specifically, S-parameters between two antenna ports from two sectors are evaluated, by considering each pair of antenna ports with co/cross-polarization relationships, which is further illustrated in below Figure-2. The RF evalaution results have been provided in the followed Table-5.  
[image: ]      
Figure-2: Illustration of S-parameters for antenna port pair.
Table-5: S-parameter evaluation results.

Based on the numerical results, the variance of spatial isolation for different antenna port pairs and different co-/cross-polarization relationships can be demonstrated. Moreover, the edge effect (the wave traversing the surface of antenna panel is condensed and reflected arbitrary at the edge of the antenna panel or any obstacles) further complicates the results. 
By comparing the same pair of antenna ports but with co-polarization and cross-polarization, it is hard to have a simple observation for which one is higher, but different observations depend on the designated antenna pair. The results could be explainable by the +45degree and -45degree placement for two polarizations. Within a panel, the co-pol and cross-pol can be guaranteed, while 3-sector case may make the alignment disappear. 
The RF simulation has shown that numerical analysis on the antennal isolation for co-channel co-site inter-sector gNB-gNB CLI:
- In the range of 62-93dB, depending on different antenna pair and co/cross-polarization
- Note: the results are obtained for the 3-sector scenario at 3.5GHz with detailed parameters provided. 
The co-site inter-sector co-channel inter-sector CLI is modelled by reusing the self-interference model with different isolation and cancelation capabilities. We expect the spatial isolation capability for two sector antennas is no less than or larger than that for two antenna panels in one sector. It is because larger distance and different boresight angle directions between two sector antennas can be utilized.
It is worth noting that in the HFSS simulation we didn’t’ reflect EM conjugated structure we used in our testbed having two panels in the same sector. In our testbed, the EM conjugated structure can improve around 20~30dB additionally, i.e., without the EM conjugated structure, we observed 50~60dB antenna isolation value. We can anticipate the similar improvement if the EM conjugated structure is installed between two-sector antennas. Hence, the EM conjugated structure, we expect the achievable antenna isolation shall be in the range of [90 - 100]dB.
The effect of the co-site inter-antenna interference has also been studied in WIMAX Forum, where they checked antenna isolation capability between two antennas for two carriers with different duplex modes (i.e., one carrier uses TDD and another carrier used FDD). Two antennas can be positioned horizontally or vertically and have different tilting angles. They concluded that
-	More than 2m horizontal spacing is required for the isolation to exceed 55dB
•	Positive rotation of boresight angle direction can improve the isolation by more than 10dB 
•	Electrical tilt improves the isolation by 20dB at 4° downward 
-	Vertical separation provides at least 70dB of isolation even in the case of 0m separation distance
•	Rotation of boresight angle direction can improve the isolation by only 10dB in 180° of boresight angle
•	Simultaneous electrical down-tilt of both antennas improves the isolation by more than 7dB at 4° downward
Based on the study, we can conclude that antennal isolation for co-channel co-site inter-sector gNB-gNB CLI can be further improved to the range of [90-100]dB, by having the methods e.g., installing EM conjugated structure between sectors, larger horizontal distance, or vertical antenna arrangement, or different boresight angle directions, or different electrical tilts or combination thereof.

10.2.2.2.2	[Company Name]
10.2.2.2.3	[Company Name]
10.2.2.3	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. 
10.2.3	Co-channel inter-sub-band inter-site interference analysis
Editor's note: This section captures the CLI modeling. As approved previously, ACLR and ACS value can be reused. 
10.2.4	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility. 
< END OF Text Proposal>
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