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1	Introduction
During RAN4#106, a structure for the RAN4 part of TR 38.858 was agreed. Although several details remain open for the feasibility study and the co-existence simulations need to be carried out, nonetheless initial draft text can be provided for some sections.
Section editors were agreed for each section. It was also agreed that each company should submit text for each of the sections, and then that the editor would merge the texts.
In this TP, we provide some text for the section on FR1 feasibility. The TP presents proposals or wide area, medium range and local area, although we appreciate that the editors for these sections differ.

[bookmark: _Ref189046994]3	Text Proposal

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

	FR1 (or FR2-1)
	Ericsson

	BS class
	Wide 
Area BS
	
	

	BS TX Power  = ① dBm
	53 dBm
	
	

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

	
	
	Frequency isolation 
techniques used
	Digital filtering, CFR, DPD

	 
	 

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	70 dBc
	 
	 

	
	
	Spatial isolation 
techniques used
	A combination of spatial isolation, chokes, absorption, mushroom EBG.

80dB can be achieved over a bandwidth of 100-200MHz and for certain beam directions. However, since the isolation needs to be achieved across the whole band and considering that depending on beam direction the isolation in fact varies from around 55dB to more than 80dB, 70dB is adopted as an average antenna isolation over a reasonable bandwidth.
	 
	 

	
	TX Beam nulling /isolation in TX sub-band
= ④ dBc
	10 dBc
Note that the TX beam nulling reduces the variation due to beam direction, and hence spatial isolation + TX nulling can be assumed to be 80dB for most directions.
	
	

	
	DL EIRP impact due to beam nulling in TX sub-band
	Varies up to a maximum 3-5dB EIRP loss in DL, depending on TX beam direction
	
	

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-72 dBm
	
	

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

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

	
	
	RF IC techniques and other tech.
(before LNA)
	
Analogue interference cancellation incurs RX sensitivity loss due to insertion and also severe limitations on sub-band pre-coding and multi-carrier operation. Also, high routing complexity with large number of TX and RX.

Filtering prior to the LNA would imply the need for the BS hardware to be specifically tuned to the SBFD carrier and no multi-carrier possibilities. Filter would be bulky to integrate into an AAS. Insertion loss would degrade sensitivity.

Filtering in-between LNA stages could increase linearity, but still a large number of filters to incorporate multi-carrier configurations would not be feasible. Loss of integration would cause increases in size, energy etc.
	 
	 

	
	
	Impacts to RX sensitivity (due to e.g. insertion losses) due to RF IC or other techniques before LNA
	>=5dBc if e.g. filtering or analogue IC would be applied.
	
	

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	-27 dBm
	 
	 

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	xxx dBc
	
	

	
	
	Frequency isolation techniques 
	The RX input level is -27 dBm, and hence the receiver is in high non-linearity; no possibility for interference mitigation as part of the digital receive combining algorithms.

Increasing IIP3 towards levels above +5dBm would necessitate designs with low levels of integration, increased energy consumption, thermal issues, size etc.

	 
 
	 
 

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-32dBm (Minimum for RAN4 requirement)
-22dBm (Realistic for AAS)
-10dBm (optimistic for AAS)
	
	

	
	
	
	Rx IM3 contribution (dBm)
	
Even without ADC overload:

-17 dBm (RAN4 minimum receiver)
-37 dBm (Realistic)
-61 dBm (Optimistic)
	
	

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	ADC could be overloaded; this can be mitigated with filtering prior to ADC except for direct conversion architectures.
	
	

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2)
	Receiver in high non-linearity
	
	

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	RX processing does not mitigate analogue non-linearity
	
	

	
	RX sensitivity degradation caused by RX beam nulling
	Receiver saturated
	
	

	
	Digital IC  = ⑦ dBc
	Digital IC not possible due to receiver non-linearity and would anyhow be highly complex due to large number of TX/RX for wide area.
	 
	 

	Overall RSIC capability  (Note 1)
	Transmitter: 125 dB
Receiver: N/A due to receiver saturation
	
	

	Noise floor ⑩dBm
	-96 dBm/CBW
	
	

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	-102 dBm
	
	

	Required RSIC budget (①-⑪dBc)
	155 dBc
	
	

	SBFD configuration
	40-20-40 MHz
	
	

	Guardband assumption (if exist)
	5 PRB.
	
	

	bandwidth over which suppression is achieved
	>300 MHz
	
	

	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.



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.
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. 
For inter-site interference, it is assumed that the transmitter can suppress interference with at least the ACLR, and the receiver selectivity will be at least equivalent to the ACS.
Inter-site power, in particular in the transmit sub-band will be part of the total receive power at the receiver input and may have some impact to the receiver blocking / non-linearity effects.
10.2.4	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility. 
10.3 Feasibility of FR1 Medium Range BS aspects
10.3.1	Self-interference analysis
Editor's note: This section captures the typical assumption based on which the RSIC capability is derived and analysis results.
	FR1 (or FR2-1)
	Ericsson 

	BS class
	Medium Range (3GPP minimum requirements)
	Medium range (Realistic)
	Medium Range (Optimistic RX)
	Medium Range (Realistic, lower power)

	BS TX Power  = ① dBm
	38 dBm
	38 dBm
	38 dBm
	35 dBm

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

	
	
	Frequency isolation 
techniques used
	Digital filtering, CFR, DPD

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	65-70 dBc
	 65-70 dBc
	 65-70 dBc
	65-70 dBc

	
	
	Spatial isolation 
techniques used
	A combination of spatial isolation, chokes, absorption, mushroom EBG.
80dB can be achieved over a bandwidth of 100-200MHz and for certain beam directions. However, since the isolation needs to be achieved across the whole band and considering that depending on beam direction the isolation in fact varies from around 55dB to more than 80dB, 65-70dB is adopted as an average antenna isolation over a reasonable bandwidth.

	
	TX Beam nulling /isolation in TX sub-band
= ④ dBc
	10 dBc
Note that the TX beam nulling reduces the variation due to beam direction, and hence spatial isolation + TX nulling can be assumed to be 80dB for most directions.

	
	DL EIRP impact due to beam nulling in TX sub-band
	Varies up to a maximum 3-5dB EIRP loss in DL, depending on TX beam direction

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-87 dBm
	-87 dBm
	- 87 dBm
	-90 dBm

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

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

	
	
	RF IC techniques and other tech.
(before LNA)
	
Analogue interference cancellation incurs RX sensitivity loss due to insertion and also severe limitations on sub-band pre-coding and multi-carrier operation. Also, high routing complexity with large number of TX and RX.

Filtering prior to the LNA would imply the need for the BS hardware to be specifically tuned to the SBFD carrier and no multi-carrier possibilities. Filter would be bulky to integrate into an AAS. Insertion loss would degrade sensitivity.

Filtering in-between LNA stages could increase linearity, but still a large number of filters to incorporate multi-carrier configurations would not be feasible. Loss of integration would cause increases in size, energy etc.

	
	
	Impacts to RX sensitivity (due to e.g. insertion losses) due to RF IC or other techniques before LNA
	>=5dBc if e.g. filtering or analogue IC would be applied.

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	-42 dBm
	 -42 dBm
	 -42 dBm
	-45 dBm

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	xxx dBc

	
	
	Frequency isolation techniques 
	Digital IC of TX. The impact of scattering / reflection in the environment has not been considered.
For RX, the 3rd column represents improved receiver linearity in the analogue domain.
Digital baseband combining may improve self-interference suppression, effectively at the cost of suppression of other interferers and RX beamforming gain. Reference scenarios are needed to assess the overall potential from RX baseband combining. 
 It is assumed that inter-sub band RX ACS is very large due to time alignment and achieving orthogonality between the TX and RX signals in the digital domain. 

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-27.6 dBm
	-17.6 dBm
	-13 dBm
	-17.6 dBm

	
	
	
	Rx IM3 contribution (dBm)
	-70.8 dBm
	-90.8 dBm
	-100 dBm
	-100 dBm

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	No significant issues for medium range BS power level other than mentioned above. Phase noise reciprocal mixing is not significant for this frequency range and power levels.

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2)
	-70.8 dBm
	-90.8 dBm
	-100 dBm
	-100 dBm

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	TBC dBc
RX beam nulling is in effect part of the digital baseband combining. Digital baseband combining may improve self-interference suppression, effectively at the cost of suppression of other interferers and RX beamforming gain. Reference scenarios are needed to assess the overall potential from RX baseband combining.


	
	RX sensitivity degradation caused by RX beam nulling
	

	
	Digital IC  = ⑦ dBc
	10-15 dBc (Transmitter)
 
 

	Overall RSIC capability  (Note 1)
	109 dBc
	128 dBc
	  135 dBc
	  134 dBc

	Noise floor ⑩dBm
	-90 dBm/CBW
	-90 dBm/CBW
	-90 dBm/CBW
	-90 dBm/CBW

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	-96 dBm
	-96 dBm
	-96 dBm
	-96 dBm

	Required RSIC budget (①-⑪dBc)
	134 dBc
	134 dBc
	134 dBc
	131 dBc

	SBFD configuration
	40-20-40

	Guardband assumption (if exist)
	5 PRB

	bandwidth over which suppression is achieved
	<300MHz

	Others
	The conclusion does not take into account interference increase due to scattering effects, or the possibility for receiver algorihms to mitigate scattering, inter-sector and inter-site and self-interference (reference scenarios needed).

	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.



10.3.2	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
10.3.3	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. 
For inter-site interference, it is assumed that the transmitter can suppress interference with at least the ACLR, and the receiver selectivity will be at least equivalent to the ACS.
Inter-site power, in particular in the transmit sub-band will be part of the total receive power at the receiver input and may have some impact to the receiver blocking / non-linearity effects.

10.3.4	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility. 
10.4 Feasibility of FR1 Local Area BS aspects
10.4.1	Self-interference analysis
Editor's note: This section captures the typical assumption based on which the RSIC capability is derived and analysis results
	FR1 (or FR2-1)
	Ericsson (preliminary)

	BS class
	Local Area BS (3GPP minimum)
	Local Area BS (Realistic RX)
	

	BS TX Power  = ① dBm
	24 dBm
	24 dBm
	

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

	
	
	Frequency isolation 
techniques used
	Digital filtering, CFR, DPD

	 

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	70 dBc
	70 dBc
	 

	
	
	Spatial isolation 
techniques used
	Physical distance, isolation structures
 
	 

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

	
	DL EIRP impact due to beam nulling in TX sub-band
	TX beam nulling not assumed due to array size
	

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-91 dBm
	-91 dBm
	

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

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

	
	
	RF IC techniques and other tech.
(before LNA)
	Analogue IC could be considered for this case, but is restrictive on pre-coding and multi-carrier. Digital IC has instead been assumed.
 
	 

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

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	-46 dBm
	 -46 dBm
	 

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	xxx dBc
	

	
	
	Frequency isolation techniques 
	Digital IC of TX. The impact of scattering / reflection in the environment has not been considered.
 It is assumed that RX ACS is very large due to time alignment and achieving orthogonality between the TX and RX signals in the digital domain. 

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-24.6 dBm
	-14 dBm
	

	
	
	
	Rx IM3 contribution (dBm)
	-88.8 dBm
	-110 dBm
	

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	No other significant impacts other than those mentioned above

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2)
	-88.8 dBm
	-110 dBm
	

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	TBC dBc
RX beam nulling is in effect part of the digital baseband combining. Digital baseband combining may improve self-interference suppression, effectively at the cost of suppression of other interferers and RX beamforming gain. Reference scenarios are needed to assess the overall potential from RX baseband combining.


	
	RX sensitivity degradation caused by RX beam nulling
	
	

	
	Digital IC  = ⑦ dBc
	15 dBc on transmitter
 
	 

	Overall RSIC capability  (Note 1)
	112 dBc
	124 dBc
	

	Noise floor ⑩dBm
	-87 dBm/CBW
	-87 dBm/CBW
	

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	-93 dBm
	-93 dBm
	

	Required RSIC budget (①-⑪dBc)
	117 dBc
	117 dBc
	

	SBFD configuration
	40-20-40, see annex

	Guardband assumption (if exist)
	5 PRB, see annex

	bandwidth over which suppression is achieved
	<300MHz

	Others
	The conclusion does not take into account interference increase due to scattering effects, or the possibility for receiver algorihms to mitigate scattering, inter-sector and inter-site and self-interference (reference scenarios needed).

	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.



10.4.2	Co-channel inter-sub-band inter-site interference analysis
This section captures the typical assumption of RF requirements and analysis results
10.4.3	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility. 
For inter-site interference, it is assumed that the transmitter can suppress interference with at least the ACLR, and the receiver selectivity will be at least equivalent to the ACS.
Inter-site power, in particular in the transmit sub-band will be part of the total receive power at the receiver input and may have some impact to the receiver blocking / non-linearity effects.
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