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1	Introduction 
In the previous RAN4 #106 [1] meeting, discussion for FR-2 BS SBFD focused on initial comparative analysis for feasibility self-interference parameters.  In this paper we present our views on the parameters related to self-interference, updating our table for RSIC and we also discuss the feasibility of inter-sector interference.
2 Discussion
2.1	WF from RAN4 #106 on Residual Self-Interference Cancellation (RSIC) Analysis 
In this section, we discuss further issues related to self-interference as described in the WF.  In section 2.2 we present FR-2 RSIC table values and Inter-sector isolation table values.
2.2.1 Impact of multi-carrier support at BS· For the impact of SBFD on the multi-carrier BS: 
· FFS the effect of multi-carrier aspects on many related feasibility aspects such as improved linearization, CFR, filtering, PIM, beam nulling and digital interference cancellation

In a traditional radio system, front-end band filters and careful IF planning provided sufficient isolation that multi-carrier signals are completely orthogonal.  Yet for full duplex, the various leakage paths between the Tx and Rx make for unique situations that warrant further consideration.  For FR-2 multi-carrier analysis we should still assume that the multi-channels will be placed such that any potential IF in a given radio, would not allow direct adjacent or alternate channel leakage. Yet there still remains the case that each independent Tx can contribute far out noise.  For this case, each Tx has its own leakage path that enables noise that could be considerable in the victim Rx.
Observation 1: If we assume that the far out noise is always less than the adjacent channel power, then having multiple Tx operating on multi-carrier will have only small impact on the total leaked signal power.
Another aspect is what happens if digital interference cancellation is employed?  In this case, the digital IC may null the adjacent channel energy to the point that the far out noise from a multi-carrier Tx could become a contribution.
Proposal 1: In the case of multi-carrier, we should assume a limit to the effectiveness of potential digital IC, that is of the same magnitude as the difference between Tx adjacent channel power and the out of band noise floor.

2.2	Updates to FR2 RSIC tables and Inter-Sector tables 
In this section we provide updated RSIC tables and Co-site, Inter-Sector interference tables.
For the RSIC table, we provide values in Table 1.  For the Co-site, Inter-Sector interference table, we include WA BS, MR BS and LA BS in Table 2.
We share some observations about key parameter based on the three different BS classes:
Co-Site, Co-Sector Spatial isolation capability ③:  We assume the physical separation between the Tx and Rx antenna panels in addition to RF absorbent materials allows for an isolation of 80dB.
Co-Site, Inter-Sector isolation capability ③: For Inter-sector isolation, we assume 10dB better isolation, per sector, than the Tx to Rx panel isolation achieved for co-sector.  For two sectors, we combine their power so a 7dB improvement in isolation is achieved compared to co-sector.
RF interference cancellation capability ⑤: In our view, RF IC is not necessary for FR-2 due to better isolation than in the FR-1 case.
Tx beam nulling for SI ④: Tx beam nulling is important to achieving adequate blocking levels in the gNB Tx SB at the LNA input.  We assume 5dB for FR-2, which is less than the 10dB we assumed for FR-1.  In previous meetings we had assumed a higher linearity LNA that could tolerate larger blockers.  Now we are assuming the LNA with agreed NF degradation that begins to degrade at -43dBm, so we also now assume beam nulling.
Rx IMD: The IMD3 level is -105dBm which is of similar magnitude to the total distortion from leakage into the Rx SB.  This is due to the -30dBm IIP3 assumed for the FR-2 Rx chain.

Table 1 – Residual Self-Interference Cancellation (RSIC) Analysis Table
	FR-2
	Intel

	BS class
	Wide 
Area BS

	BS TX Power  = ① dBm
	30 dBm

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

	
	
	Frequency isolation 
techniques used
	Digital SB Filtering and DPD

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	80 dBc

	
	
	Spatial isolation 
techniques used
	TX/RX panel separation and EM shielding 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, less 0.5dB

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-83dBm
=①-②-③-④


	
	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)
	

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

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	-55 dBm
=①-③-④-⑤

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	40 dB

	
	
	Frequency isolation techniques 
	Filtering

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-30 dBm

	
	
	
	Rx IM3 contribution (dBm)
	-105 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)
	=-97.0 dBm 

	
	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
	15 dBc

	Overall RSIC capability  (Note 1)
	127dB
①-total distortion in Tx and Rx SB

	Noise floor ⑩dBm
	-87 dBm/ CBW

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

	Required RSIC budget (①-⑪dBc)
	123 dBc

	SBFD configuration
	DUD

	Guardband assumption (if exist)
	5 PRBs 

	bandwidth over which suppression is achieved
	100MHz

	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.



Examining the values for RSIC in Table 1, we see that it is feasible to meet the target RSIC.  The sensitivity degradation of 0.4dB is less than the [1] dB de-sense.  
Proposal 2: Add the Intel RSIC values in Table 1 to TR 38.858.
Next, we consider the gNB Co-site, Inter Sector Interference given in Table 2.  As mentioned above, the inter-sector isolation is assumed to be better that the self-interference isolation by ~10dB due to the significantly larger spacing that is available between sectors compared to the isolation available between Tx and Rx panels.  On the other hand, it is more difficult to locate EM absorbent materials between the sectors compared to between the Tx and Rx panels.  When combining the leakage from two sectors the 10dB increases to 7dB delta of isolation improvement compared to the self-leakage.
Table 2 – gNB Co-Site, Inter-Sector Interference Analysis Table
	FR-2
	Intel

	BS class
	FR2-1 BS

	BS TX Power  = ① dBm
	30 dBm

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

	
	
	Frequency isolation 
techniques used
	Digital SB Filtering and DPD

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

	
	
	Co-channel Co-site Inter-sector 
Spatial isolation 
techniques used
	Spatial separation and EM shielding structure

	
	TX Beam nulling /isolation in TX sub-band
= ④ 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)
	-85dBm
=①-②-③


	
	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)
	

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

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	-57 dBm
=①-③-⑤

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	40 dB

	
	
	Frequency isolation techniques 
	Digital filtering after ADC

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-30 dBm

	
	
	
	Rx IM3 contribution (dBm)
	-97 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)
	=-94.6 dBm


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

	
	RX sensitivity degradation caused by RX beam nulling
	

	
	Digital IC  = ⑦ dBc
	10 dBc

	Overall RSIC capability  (Note 1)
	124.6 dB
①-total distortion in Tx and Rx SB

	Noise floor ⑩dBm
	-87 dBm/ CBW

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

	Required RSIC budget (①-⑪dBc)
	123 dBc

	SBFD configuration
	DUD

	Guardband assumption (if exist)
	5 PRBs 

	bandwidth over which suppression is achieved
	100MHz

	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.



For the case of the co-site, inter-sector interference, the total de-sense is 0.7dB which is also better than the [1] dB target value.
Observation 2: For FR-2, which has better self-interference and co-site, inter-sector interference, simultaneous UL and DL transmission is feasible without degradation in sensitivity. 
Proposal 3: Add the Intel co-site, inter-sector values in Table 2 to TR 38.858.

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: If we assume that the far out noise is always less than the adjacent channel power, then having multiple Tx operating on multi-carrier will have only small impact on the total leaked signal power.
Proposal 1: In the case of multi-carrier, we should assume a limit to the effectiveness of potential digital IC, that is of the same magnitude as the difference between Tx adjacent channel power and the out of band noise floor.
Proposal 2: Add the Intel RSIC values in Table 1 to TR 38.858.
Observation 2: For FR-2, which has better self-interference and co-site, inter-sector interference, simultaneous UL and DL transmission is feasible without degradation in sensitivity. 
Proposal 3: Add the Intel co-site, inter-sector values in Table 2 to TR 38.858.
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