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1	Introduction
During RAN4#106, a structure for the RAN4 chapter of the SBFD TR was agreed, along with editors for each of the sections. It was also agreed that each company can submit TP for each section, and then that the TP for each section will be merged.
At RAN4#106bis-e, it was further agreed that for FR1 WA, MR and FR2 each company would capture results in a company specific section.
In this TP, we present a proposal for the section 10.5 containing analysis for the FR2 BS section.
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10.5.1	Self-interference analysis
Editor's note: This section captures the typical assumption based on which the RSIC capability is derived and analysis results
10.5.1.1	Summary table for self-interference analysis
Editor's note: This section captures the summary table which is based on self-interference analysis framework. 
10.5.1.2	Feasibility study on self-interference
Editor's note: This section captures the feasibility study on self-interference based on individual companies’ analysis. 
10.5.1.2.1	[Company Name]Ericsson
Editor's note: Individual company may provide the analysis assumption/configuration used for the corresponding analysis summarized in 10.5.1.1. Additionally, the views on the preference/views on component technology and corresponding trade-off can be provided and analysed.  
Table 10.5.1.2.1-1 presents an overview of the self-interference mitigation potential for FR2-1 (28GHz) for three output power levels. It can be seen that mitigation of self-interference with less than 1dB receiver desensitization appears feasible for 30dBm. With 35dBm, the desensitization is around 1.5dB from self-interference. There may be some potential to further refine the performance. For 40dBm output power, mitigation of self-interference becomes significantly more challenging.
Table 10.5.1.2.1-1 FR2-1 Self-interference analysis
	FR2-1
	Ericsson

	BS class
	40 dBm TRP
	35 dBm TRP
	30 dBm TRP

	BS TX Power  = ① dBm
	40 dBm
	35 dBm
	30 dBm

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

	
	
	Frequency isolation 
techniques used
	Digital Filtering, CFR
 
 

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	80 dBc
	 80 dBc
	 80 dBc

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

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

	
	DL EIRP impact due to beam nulling in TX sub-band
	Up to 5dB EIRP loss, depending on beam direction

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-78 dBm
	-83 dBm
	-88 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

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

	
	
	RF IC techniques and other tech.
(before LNA)
	
	 
	 

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

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	-50 dBm
	 -55 dBm
	 -60 dBm

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	
	
	

	
	
	Frequency isolation techniques 
	
	 
 
	 
 

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-35 dBm
	-35 dBm
	-35 dBm

	
	
	
	Rx IM3 contribution (dBm)
	-80 dBm
	-95  dBm
	-110 dBm

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	Reciprocal phase noise mixing will add noise at around -95dBm.
	Reciprocal phase noise mixing will add noise at around -100dBm 
	Reciprocal phase noise mixing will add noise at around -105dBm

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2)
	-80 dBm
	-94 dBm
	-104 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
	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.


	
	Digital IC  = ⑦ dBc
	10 dBc
	 10 dBc
	10 dBc

	Overall RSIC capability  (Note 1)
	119 dBc
	125,5dBc
	127 dBc

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

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

	Required RSIC budget (①-⑪dBc)
	133 dBc
	128 dBc
	123 dBc

	SBFD configuration
	75-50-75

	Guardband assumption (if exist)
	3 RB

	bandwidth over which suppression is achieved
	Several GHz

	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.



TX – RX isolation
A number of techniques exist to improve the TX-RX panel isolation including chokes, absorption, mushroom EBG etc. A detailed electromagnetic simulation of these techniques is presented in R4-2219633, which demonstrates that the isolation between a TX panel and RX sub-array is around 80dB. Unlike for FR1, the self-isolation does not seem to vary significantly with beam direction. Figure 10.5.1.2.1-1 shows EM simulation results and a visualization of the EM isolation.
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Figure 10.5.1.2.1-1 EM simulation results for FR2 self-isolaiton (top) co-polarized (middle) cross polarized elements (bottom) visualization of the EM propagation

TX beam nulling
The transmit panel has a large number of transmit elements and hence a high number of degrees of freedom to perform beamforming. Beam Nulling can be used in the transmit panel to reduce the power at the receive panel. It is not clear that beam nulling has the same impact on both the transmitted signal and the transmitter leakage, however for simplicity this has been assumed. 

Interference cancellation
Analogue and digital interference cancellation have not been considered due to the complexity and losses of building interconnectors for FR2, the high bandwidth and large amount of digital processing required.

Digital processing
Digital RX combining taking into account interference covariance have the potential to mitigate interference in the receiver. The gains from digital combining depend on the BS environment considering other interference sources such as other sectors, gNB and UEs. 

Phase noise reciprocal mixing
Reciprocal mixing of phase noise causes a more significant amount of noise in the receiver in FR2-1 compared to FR2-1. However, the analysis suggests that also for FR2-1, reciprocal mixing of phase noise will not cause a significant degradation.

----------------------   Next section -----------------------------
10.5.2.1	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. 
10.5.2.2	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. 
10.5.2.2.1	Ericsson
Editor's note: Individual company may provide the analysis assumption/configuration used for the corresponding analysis summarized in 10.3.2.1. Additionally, the views on the preference/views on component technology and corresponding trade-off can be provided and analysed.  
Table 10.5.2.2.1-1 presents an analysis of the inter-sector interference effects for FR2-1 BS. The analysis suggests that inter-sector interference can lead to substantial degradations. Apart from with the most optimal beam directions settings and 30dBm TRP, degradations due to inter-sector interference are substantial. Although TX beam nulling may be considered to reduce inter-sector interference, in excess of 30dB-60dB suppression (depending on output power) would be needed to mitigate interference for all beam directions.
For 30dBm TRP, RX processing or improvements in the TX interference suppression may improve the inter-sector performance. However, the degradation will not be reduced to well below 1dB (taking into account also degradation from self-interference will occur) for all beam directions.
Thus co-sectorization is likely to pose technical challenges for SBFD deployments in FR2.
Table 10.5.2.2.1-1 FR2-1 Inter-sector interference analysis
	FR2-1
	Ericsson

	BS class
	30dBm TRP
	35 dBm
	40 dBm

	BS TX Power  = ① dBm
	30 dBm
	35 dBm
	40 dBm

	Number of co-site co-channel sectors considered
	2
	2
	2

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

	
	
	Frequency isolation 
techniques used
	Digital Filtering, CFR
	Digital Filtering, CFR
	Digital Filtering, CFR

	
	Spatial isolation
	Co-channel Co-site Inter-sector 
Spatial isolation capability 
 = ③  dBc
	75-98 dBc (depending on beam steering directions)

	
	
	Co-channel Co-site Inter-sector 
Spatial isolation 
techniques used
	Typical site deployment with 400mm between sectors

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

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

	
	Interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.  due to inter-sector interference (Note 1)
	-93 dBm to -70 dBm (depending on beam steering directions)
	-88 to -65 dBm (depending on beam steering directions)
	-83 to -60dBm (depending on beam steering directions)

	
	Interference signal in gNB TX subband, measured at the input of LNA (Note 1) due to inter-sector interference
	-65 dBm to -42 dBm(depending on beam steering directions)
	-60 to -37 dBm (depending on beam steering directions)
	-55 to -32dBm (depending on beam steering directions)

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	0 dB
	0 dB
	0 dB

	
	
	Frequency isolation techniques 
	0 dB
	0 dB
	0 dB

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-35 dBm
	
-35 dBm
	
-35 dBm

	
	
	
	Rx IM3 contribution (dBm)
	-109 to -56 dBm
	-101.5 to -41 dBm
	-91 to -26 dBm

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	RX phase noise is -105 dBm
	RX phase noise is -100 dBm
	RX phase noise is -95 dBm

	
	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)
	-103.5 to -56 dBm
	

-97.5 to -41 dBm
	

-89.5 to -26 dBm

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

	
	RX sensitivity degradation caused by RX beam nulling
	0 dB
	0 dB
	0 dB

	
	Digital processing interference supression capability
	0 dB
	0 dB
	0 dB

	Total interference in RX SB (dBm) (Note 2)
	-93 to -56 dBm
	-87.5 to -41 dBm
	-82 to -26 dBm

	Noise floor ⑩dBm
	-87 dBm
	-87 dBm
	-87 dBm

	Calculated Desensitization (dB)
	1 to 31 dB (depending on beam direction)
	2.8 to 46 dBm (Depending on beam direction)
	6 to 61 dB (Depending on beam direction)

	SBFD configuration
	75-50-75

	Guardband assumption (if exist)
	3 RB

	bandwidth over which suppression is achieved
	Several GHz

	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



Inter-sector isolation
Isolation between sectors has been simulated using electromagnetic simulations in R4-2301885 with an assumption of 400mm sector separation. The isolation varies to some degree with separation, but not to an extent that would change the overall results. For most practical site deployments, addition of materials between sectors is not likely to be feasible (and may reduce network performance). Figure 10.5.2.2.1-1 depicts the EM simulation setup.
	

0. 
	

0. 


Figure 10.5.2.2.1-1 Simulation setup for FR2 multi-sector EM modelling

Figure 10.5.2.2.1-2 depicts the achievable isolation. The left hand plot shows the isolation with azimuth steering and elevation in boresight and the right hand plot with elevation steering and azimuth on boresight. The insolation between sectors is highly dependent on the beam direction. Although an “average” isolation can be given, this would mask the fact that for certain beam directions isolation is good and for others it is not good. Since the beam direction depends on the physical positions of users, advanced co-ordination of beam directions may not be possible if other constraints such as capacity and latency are to be optimized.
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0. Azimuth beam steering with elevation at boresight
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0. Downtilt elevation beam steering with azimuth at boresight


Figure 10.5.2.2.1-2 FR2 antenna with 400 mm edge to edge coupling magnitude


Beam nulling
There may be some potential for beam nulling to mitigate interference between sectors. To achieve complete isolation between sectors, more than 30dB beam nulling would be needed.
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