[bookmark: historyclause]3GPP TSG-RAN WG4 Meeting #106		R4- 2302728
Athens, Greece, February 27 – March 3, 2023		

Agenda item:	9.19.2.2.1
Source:	Intel Corporation
Title:	Views on Filtering in BS Rx model for Full Duplex Operation
Document for:	Discussion

1	Introduction 
In the previous RAN4 #105 [1] meeting, discussion focus on developing a framework that would enable companies to agree on the residual self-interference cancellation that comes from combining all of the potential parameters into an agreed analysis table.  In this paper we present our views on the parameters for this table.  We also further discuss the LNA non-linearity issues.
2 Discussion
2.1	Residual Self-Interference Cancellation (RSIC) Analysis Framework   
In [2] values for self-interference were provided based on the gNB urban macro model.  This model gives us a BS Tx Power of 49dBm. Utilizing the measurement results given in [3], and from [4], we see a range of 60 to 80dB as a feasible initial assumption on FR1 antenna isolation, as long as the Tx and Rx antenna are located in different panels, with care taken to optimize antenna isolation.
For beam nulling we use a value of 0dB.  In our view, beam nulling can be of use in reducing CLI from other base-stations, but self-interference is a persistent, always on kind of problem.  Also, since there are a finite number of MIMO layers and beam steering capabilities, it seems unreasonable to permanently tie up some of these valuable resources for self-interference beam nulling.
Observation 1:  Beam nulling can be of use to intermittently reduce CLI from other base-stations, but it is not reasonable to tie up MIMO layers and beam steering capabilities full-time to reduce always on self-interference.
In [5] we reviewed the academic literature for self-interference cancellation capabilities.  For RF SIC performed in the Rx RF path, values ranged from 7dB to 30dB.  Yet the higher values only appear for narrow bandwidths (e.g., ≤ 60MHz), whereas for bandwidths closer to 100MHz the average value was 11 dB.  We use the 11dB value since this is consistent with other observed behaviours in measured devices.  
For digital self-interference cancellation, the academic literature review in [5] showed several values near 30dB.  We agree with this value for a single Tx, single Rx antenna situation.  For the case we are evaluating with MIMO antenna array, we see the digital cancellation burden as more severe.  We feel a more reasonable capability for MIMO digital SIC could be up to 25dB.
Observation 2: While academic literature shows Rx digital self-interference cancellation values exceeding 30dB, these are primarily the results of single Tx to single Rx scenarios.  For large MIMO arrays we see the achievable Rx digital self-interference cancellation as somewhat lower.
For the LNA IIP3, we see the value of IIP3 = -10dBm a necessary compromise for future SBFD capable BS Rx.  There are numerous off the shelf, discrete LNA gain blocks available for most frequency bands exceeding with IIP3 exceeding +10dBm.  The Rx IIP3 therefor, is not due to the linearity of the LNA, but rather a matter of linearity of the ADC divided by total combined component gain of the blocks ahead of the ADC.  While it is impossible to summarize the numerous trade-offs between gain, noise and IIP3 for all the Rx components in all BS designs, it is feasible to assume that with some re-design, or re-distribution of gain, it is feasible to achieve a P1dB of -26dBm at the LNA input or -15dBm of effective IIP3 for the Rx chain [6].
Observation 3: The value of Rx IIP3 seen at the LNA input comes from the numerous trade-offs between gain, noise and IIP3 for all the Rx components that make up the Rx chain.  In order to achieve a feasible Rx IIP3, some re-design of the Rx chain to enable higher IIP3 may be required.
Given these values, we update table 1 below as follows:

Table 1 – Residual Self-Interference Cancellation (RSIC) Analysis Table
	FR1 (or FR2-1)
	Company-A

	BS class
	Wide 
Area BS
	Medium 
Range BS
	Local 
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
	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
	70 dBc
	 
	 

	
	
	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
	0 dBc
	
	

	
	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)
	= 49 – 45 -70 = -66dBm
	
	

	
	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
	11 dB
	 
	 

	
	
	RF IC techniques and other tech.
(before LNA)
	e.g., RF IC, sub-band filtering etc.
Note: List all relevant techniques used in RX (before LNA)
	 
	 

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

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	= 49-70-11 = -32dBm
	 
	 

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	45 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)
	-15 dBm
	
	

	
	
	
	Rx IM3 contribution (dBm)
	-66 dBm
	
	

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

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2)
	=-66dBm + (-32-45) = -65.6 dBm
	
	

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

	
	RX sensitivity degradation caused by RX beam nulling
	0 dBc
	
	

	
	Digital IC  = ⑦ dBc
	25 dBc
	 
	 

	Overall RSIC capability  (Note 1)
	=-65.6dBm – 25dB = -90.6 dBm, 
(49- -90.6dBm) = 139.6 dB
	
	

	Noise floor ⑩dBm
	xxx dBm/CBW
	
	

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

	Required RSIC budget (①-⑪dBc)
	xxx dBc
	
	

	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.



Considering the values in the table, we make some observations.  We see that interference from the limited Rx IIP3 has the potential to be a significant factor to the Tx-to-Rx leakage.  Yet with careful re-design of the BS Rx chain to ensure a high linearity implementation, we see that the overall RSIC can be made of the similar magnitude to the REFSENSE.

3	Conclusions
In summary, this paper we discuss issues related to many of the parameters used in the residual self-interference cancellation budget.
Observation 1:  Beam nulling can be of use to intermittently reduce CLI from other base-stations, but it is not reasonable to tie up MIMO layers and beam steering capabilities full-time to reduce always on self-interference.
Observation 2: While academic literature shows Rx digital self-interference cancellation values exceeding 30dB, these are primarily the results of single Tx to single Rx scenarios.  For large MIMO arrays we see the achievable Rx digital self-interference cancellation as somewhat lower.
Observation 3: The value of Rx IIP3 seen at the LNA input comes from the numerous trade-offs between gain, noise and IIP3 for all the Rx components that make up the Rx chain.  In order to achieve a feasible Rx IIP3, some re-design of the Rx chain to enable higher IIP3 may be required.
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