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1	Introduction

During RAN4#106-bis, it agreed that each company can provide a table for Self-interference analysis, Co-channel inter-sub-band co-site inter-sector interference analysis, co-channel inter-sub-band co-site inter-sector interference analysis and company specific information on the respective feasibility studies. 
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 some sub-section within section 10.2 to cover feasibility of FR1 wide area BS aspects. 

[bookmark: _Ref189046994]2	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
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.
	FR1 (or FR2-1)
	Kumu Networks, Inc.

	BS class
	Wide 
Area BS (Mean)
	-

	BS TX Power  = ① dBm
	53
	

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

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

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	65
	 

	
	
	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 in TX sub-band
= ④ dBc
	16.98
	

	
	DL EIRP impact due to beam nulling in TX sub-band
	
	

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

	-57 dBm
	

	
	RF IC and other tech. (before LNA)
	RF IC capability and other tech. in TX sub-band
= ⑤ dBc
	27.95
	 

	
	
	RF IC capability and other tech. in RX sub-band
= ⑧ dBc
	30.66
	 

	
	
	RF IC techniques and other tech.
(before LNA)
	Analog RF IC joint tune with beam-nulling
RF SIC Complexity : 192 RF taps for 32 Tx and 32 Rx antennas  
	 

	
	
	Impacts to RX sensitivity  (due to e.g. insertion losses) due to RF IC or other techniques before LNA
	0.2
	

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

	-56.93
	 

	
	Frequency isolation at RX
	Frequency isolation capability ⑥ dBc
	0
	 

	
	
	[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)
	-20
	

	
	
	Rx IM3 contribution (dBm)
	-130.79
	

	
	Other RX
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	5
	

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

	-130.79
	

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	16.08
	

	
	RX sensitivity degradation caused by RX beam nulling
	negligible
	

	
	Digital IC  = ⑦ dBc
	0
	 

	Overall RSIC capability  (Note 1) ②+③+⑧+⑨
	156.64
	

	Noise floor ⑩dBm
	-89 dBm/100MHz
	

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	-95
	

	Required RSIC budget (①-⑪dBc)
	148
	

	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.




10.2.1.2          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          Kumu Networks, Inc

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. 
 Simulation Parameters:
	
	Parameters
	Scenario

	 System parameters
	Carrier Frequency
	4 GHz

	
	Duplex Type
	SBFD

	
	SBFD pattern
	40:20:40 SBFD (DUD)

	
	Channel bandwidth
	40:20:40 MHz (DUD) for SBFD

	
	Guard Band
	0 MHz

	
	Available resource blocks
	108:52:108 (DUD) for SBFD

	
	Sub-Carrier spacing
	30 kHz 

	
	Number of active UEs
	5 (4 DL and 1 UL)

	
	Channel model
	gNB-UE: 3GPP_38.901_Uma_LOS 


	 BS
 
	Array Configuration
	32x32

	
	Max gNB Tx Power
	53 dBm (same antenna gain)


	
	(dv, dh)
	(0.8λ, 0.5λ)

	
	Antenna element gain
	7 dBi

	
	Beamforming method
	Frequency domain (every 4RB)

	
	Antenna Isolation
	65 dB

	
	Noise figure
	5 dB

	
	Max modulation
	256 QAM

	
	BS height
	10 m

	
	Panel HW assumptions
	Same antenna gain, same antenna area

	
	UE antenna
	1TX 1RX

	
	Antenna model
	isotropic

	
	Antenna element gain
	0 dBi

	
	Max UE TX Power
	23 dBm

	 UE
	SNR target
	16 dB

	
	Noise figure
	9 dB

	
	Max modulation
	64 QAM

	
	UE distribution 
	Random cluster

	
	Traffic split
	40:20:40 DL:UL:DL

	RF cancellation complexity
	Number of RF taps required
	192 (for 32 TX + 32 RX antennas)



Benefit of RF analog cancellation:
RF Analog cancellation allows the use of high dynamic range passive RF circuits to enhance the isolation between the transmit and receive arrays. These circuits sample the signal after the PA and inject it before the LNA. This addresses two issues that can limit cancellation performance:
· The signal going through the RF tap captures PA non-linearities and noise. Thus, this eliminates the need for complicated non-linear modeling to use these taps for canceling the inter-subband leakage of the transmitter on the receiver sub-band.
· The cancellation signal is injected before the LNA thus avoiding LNA saturation due to the strong signal present in the transmit subband.
More details on this RF cancellation architecture can be found in [1].
Trade-offs of using RF analog cancellation:
· Insertion loss: RF analog cancellation typically requires couplers placed at the output of PAs and input of LNAs. The coupling factor and hence the insertion loss for these couplers depends on the overall loss that can be tolerated in the cancellation path while maintaining enough power to cancel the leakage from the TX to RX antenna. Typical over-the-air isolation in the FR1 antenna arrays between TX and RX is expected to be >65dB. Thus, using 20dB couplers on TX and RX leaves 25dB additional loss margin for the cancellation circuit. Insertion loss with this configuration is minimal.
Complexity analysis of RF analog cancellation:
Previous approaches to using RF analog cancellation have used 1 RF cancellation path per TX/RX pair, thus leading to an impractical n^2 complexity in the number of RF cancellation paths required. To reduce this complexity, our simulations use a combination of RF cancellation and beamnulling. By jointly optimizing beamnulling and RF cancellation, the number of RF cancellation taps needed is linearly proportional to the total number of antennas on the gNB. The RF cancellation works well for different antenna configurations and scales well to handle multipath channels. Specifically, our simulation results with multipath channels and multiple DL UEs needs 192 RF taps for 64 antennas (32 TX and 32 RX), so a complexity of 3n, where n is total number of antennas. More details on this optimization can be found in [1].
Chip Area and Power analysis for RF analog cancellation:
The area impact of RF cancellation can be analyzed based on an existing RF cancellation chip, eg. [2]. This chip integrates 4 RF taps (phase shifters and attenuators with better than 10-bit resolution each). This chip’s area is ~17.5sqmm. Adding 50% for layout + keep out, each chip requires 22sqmm space on a board. A 192-tap board (for 32 TX / 32 RX and 3x over provisioning of taps for frequency selectivity) using these chips would need 48 chips with ~1000sqmm board area (10sq cms). Since these taps are passive, the power consumption is negligible (100s of micro-Amperes with a 3.3V supply).
References
[1] [bookmark: _Ref134720681]3GPP R1-2205815, Kumu Networks, “RF cancellation techniques for Subband non-overlapping full duplex”, RAN1 #110, Aug 2022
[2] [bookmark: _Ref134720850]https://kumunetworks.com/wp-content/uploads/2022/06/KU10408-IC-Product-Brief-v2.pdf
[bookmark: _GoBack]
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.

10.2.2.1          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.
	FR1 (or FR2-1)
	Kumu Networks, Inc.

	BS class
	Wide 
Area BS (Mean)
	
	-

	BS TX Power  = ① dBm
	53 dBm
	
	

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

	
	
	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
	85 dB
	
	 

	
	
	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 in TX sub-band
= ④ dBc
	19.67 dB
	
	

	
	DL EIRP impact due to beam nulling in TX sub-band
	
	
	

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

	-57 dBm
	
	

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

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

	
	
	RF IC techniques and other tech.
(before LNA)
	None used for inter-sector interference cancellation  
	 

	
	
	Impacts to RX sensitivity  (due to e.g. insertion losses) due to RF IC or other techniques before LNA
	0.2 dB (assuming 15 dB Rx coupler)
	
	

	
	Inter-sector Interference signal in gNB TX subband, measured at the input of LNA (Note 1) ①-③-④-⑤

	<-51.65 dBm 
	
	 

	
	Frequency isolation at RX
	Frequency isolation capability ⑥ dBc
	0 dB
	
	 

	
	
	[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)
	-20
	
	

	
	
	Rx IM3 contribution (dBm)
	-115.0
	
	

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

	
	Inter-sector Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized (Note 1, 2)

	-115.0 dBm 
	
	

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

	
	RX sensitivity degradation caused by RX beam nulling
	negligible
	
	

	
	Digital IC  = ⑦ dBc
	0 dB
	
	 

	Overall Inter-sector IC capability  (Note 1) ②+③+⑧+⑨
	146.47 dB
	
	

	Noise floor ⑩dBm
	-89 dBm/100MHz
	
	

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	-95 dBm
	
	

	Required Inter-sector IC budget (①-⑪dBc)
	148 dB
	
	

	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.




10.2.2.2          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          Kumu Networks, Inc.
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.
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