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1. Introduction
Rel-18 Study Item is approved on Study on evolution of NR duplex operation with the target to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operation. According to latest SID in [1], in this RAN1 led SI tasks for RAN4 scope are explicitly stated as below:
	· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).


In RAN4#104-bis-e, WF on SBFD feasibility study and RF impacts from BS aspects was agreed [4], which includes the further WF based upon the agreement on August meeting [2][3]. In RAN4#105, further agreements and way forwards have been achieved and captured in [6] and reply LS to RAN1 for interference modelling and subband configuration has been approved in [8].  Accordingly, in this contribution, we would like to further provide our views on the feasibility and RF impact of SBFD from BS aspects.  
2 SBFD Self-Interference Modeling
Based upon the RAN4 discussion over RAN4#104-e and RAN4#104-bis-e, the RSIC capability is broken down into four aspects: (1) spatial isolation; (2) frequency isolation; (3) beam nulling/isolation and (4) digital IC. And based upon the inputs from companies, the ranges for values of (1)-(4) are summarized in table 1 of reply LS [2]; however, the detailed ranges are the supersets of results provided from source companies which require further feasibility analysis.  
	Table 1 of reply LS [2]: value range of RSIC
	Parameter
	FR1(Frequency Range 1)
	FR2(Frequency Range 2)

	Spatial isolation 
	50~80dBc
	80-120 dBc

	Frequency isolation
	45 dBc 
	22.5~30 dBc

	Beam nulling /isolation
	0~40 dBc
	0~40 dBc

	Digital IC 
	0~50 dBc
	0~50 dBc

	Overall RSIC capability 
	95 ~185 dBc
	102.5~ 205 dBc

	NOTE1: Other isolation schemes could be discussed further.
NOTE 2: Both transmitter leakage to the RX sub-band and interference arising from receiver imperfections need to be considered. Receiver imperfections may reduce the RSIC to be lower than the RSIC considering transmitter leakage alone. RAN4 will assess impact of Rx impairments on the RSIC capability. But the RSIC model can potentially be simplified to address impact from both aspects together. 





During RAN4#105, a more detailed RSIC analysis framework has been approved [6], and the following WF is achieved: 
	Agreement (based on Wed. evening Ad-Hoc): 
· Companies are encouraged to provide values based on the following RSIC analysis framework table. 
· Companies are encouraged to provide the information on how the intermediate results are derived.
	FR1 (or FR2-1)
	Company-A

	BS class
	Wide 
Area BS
	Medium 
Range BS
	Local 
Area BS

	BS TX Power  = ① dBm
	xxx dBm
	
	

	Component 
capability and parameters
	Frequency isolation at TX
	Frequency isolation capability  = ② dBc
	xxx 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
	xxx 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
	xxx 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)
	
	
	

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

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

	
	
	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
	xxx dBc
	
	

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

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	xxx 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)
	
	
	

	
	
	
	Rx IM3 contribution (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)
	xxx dBm
	
	

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

	
	RX sensitivity degradation caused by RX beam nulling
	xxx dBc
	
	

	
	Digital IC  = ⑦ dBc
	xxx dBc
	 
	 

	Overall RSIC capability  (Note 1)
	xxx dBc
	
	

	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.





Based on the above approved analysis framework, we will provide the further analysis accordingly.  

2.1 Analysis based on RSIC Framework
Although the component RSIC capability and relevant metrics derived from others are provided in the approved analysis framework, however, it is still not provided for the relationship between metrics and how the overall RSIC capability is derived. Accordingly, the analysis below is similar as the one in our contribution [10], while by taking into account separate TX/RX beam nulling/isolation, and RF IC /other technologies (before LNA) separated in TX/RX sub-bands. 
2.1.1 Residual Self-Interference Before Digital IC
Before the digital IC, the self-interference comes from two sources, in which beam nulling/isolation and RF IC/other technologies before LNA are separated considered for TX and RX subbands:  
           , the interference leakage in gNB RX subband due to non-ideal TX, which can be derived as  with the reference point being set at RX antenna port. 
           , the interference in gNB RX subband caused by non-ideal RX selectivity, which can be derived as , which is the gain-normalized value with reference point being set at RX antenna. 
Accordingly, we can reach the following observation: 
Observation 1: Before digital IC, the residual self-interference comes from two sources:
· , Interference leakage in gNB RX subband due to non-ideal TX, which can be derived as  , with the reference point being set at RX antenna. 
· , Interference in gNB RX subband caused by non-ideal RX selectivity, which can be derived as , which is the gain-normalized value with reference point being set at RX antenna. 
Observation 2: Before digital IC, the residual self-interference in RX subband is .

2.1.2 Residual Self-Interference After Digital IC
Accordingly, with the digital IC capability assumed to be , the residual self-interference after digital IC can be derived as 
 
.
dBm.
Therefore, the following observation can be obtained accordingly. 
Observation 3: After digital IC, the residual self-interference in the RX subband can be derived as 
dBm.

2.1.3 Overall RSIC Capability
Based on the RSIC component capabilities and the analysis above, the overall RSIC capability can be provided as
Proposal 1: Based on component capabilities in the analysis framework, the overall RSIC capability can be derived as 
 
 dBc.
2.2 RSIC Capability for FR1 and FR2-1 BS 
As shown in our analysis in [10], to check and demonstrate the feasibility and viability of SBFD, Samsung has developed and tested two different testbeds, one operating at FR1 3.5 GHz and one for FR2-1 26 GHz. These validate the feasibility of SBFD operation when implemented at the gNB-side.
2.2.1 RSIC Capability Analysis for FR1
Based on our hardware PoC and further analysis of the component RSIC capability, the FR1 RSIC budget calculation is further provided in Table 1 which is based on the agreed RSIC analysis framework. 
Observation 4: Samsung’s input for RSIC budget calculation for FR1 BS is provided in Table-1. 
Table-1: FR1 RSIC budget calculation Summary
	FR1
	Samsung

	BS class
	Wide 
Area BS
	Medium 
Range BS
	Local 
Area BS

	BS TX Power  = ① dBm
	49 dBm
	38 dBm
	24 dBm

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

	
	
	Frequency isolation 
techniques used
	DPD utilized
	DPD utilized
	DPD utilized

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

	
	
	Spatial isolation 
techniques used
	TX/RX panel separation and RF barrier structure
	TX/RX panel separation and RF barrier structure
	TX/RX panel separation and RF barrier structure

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

	
	DL EIRP impact due to beam nulling in TX sub-band
	Limited, ~0dB
	Limited, ~0dB
	Limited, ~0dB

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-81 dBm
Note: provided by 
①-②-③-④ dBm
	-92 dBm
Note: provided by 
①-②-③-④ dBm
	-106 dBm
Note: provided by 
①-②-③-④ dBm

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

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

	
	
	RF IC techniques and other tech.
(before LNA)
	subband filtering
	subband filtering
	subband filtering

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

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	-61 dBm
Note: provided by 
①-③-⑨-⑤dBm
	-72 dBm
Note: provided by 
①-③-⑨-⑤dBm
	-86 dBm
Note: provided by 
①-③-⑨-⑤dBm

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	40 dBc
	25 dBc
	20 dBc

	
	
	Frequency isolation techniques 
	Filtering
	Filtering
	N/A

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-20dBm
	-20dBm
	-20dBm

	
	
	
	Rx IM3 contribution (dBm)
	-143dBm
	-176dBm
	-218dBm

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

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2)
	-101 dBm
Note: provided by 
①-③-⑨-⑤-⑥dBm
	-97 dBm
Note: provided by 
①-③-⑨-⑤-⑥dBm
	-106 dBm
Note: provided by 
①-③-⑨-⑤-⑥dBm

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

	
	RX sensitivity degradation caused by RX beam nulling
	Limited, ~0dB
	Limited, ~0dB
	Limited, ~0dB

	
	Digital IC  = ⑦ dBc
	20 dBc
	20 dBc
	20 dBc

	Overall RSIC capability  (Note 1)
	150.0 dBc
	148.8 dBc
	147.0 dBc

	Noise floor ⑩dBm
	-95dBm/20MHz
	-90dBm/20MHz
	-87dBm/20MHz

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	-101 dBm
	-96 dBm
	-93dBm

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

	SBFD configuration
	DUD(40-20-40MHz)
	DUD(40-20-40MHz)
	DUD(40-20-40MHz)

	Guardband assumption (if exist)
	5 PRB
	5 PRB
	5 PRB

	bandwidth over which suppression is achieved
	20MHz
	20MHz
	20MHz

	Others
	
	
	


Observation 5: According to SIC budget calculation in Table-1, it’s feasible to ensure 1dB de-sensitivity based on achievable spatial isolation, frequency isolation, RF IC and digital IC applied, for FR1 BS. 

2.2.2 RSIC Capability Analysis for FR2-1
On the other hand, based on the RSIC analysis framework provided above, FR2-1 RSIC budget calculation is provided in Table 2. 
Observation 6: Samsung’s input for RSIC budget calculation for FR2-1 BS is provided in Table-1. 
Table-2: FR2-1 RSIC budget calculation Summary
	FR2-1
	Samsung

	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
	Without DPD

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	87 dBc

	
	
	Spatial isolation 
techniques used
	TX/RX panel separation and RF barrier structure

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

	
	DL EIRP impact due to beam nulling in TX sub-band
	Limited, ~0dB

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-95 dBm
Note: provided by 
①-②-③-④ 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)
	Not applicable

	
	
	Impacts to RX sensitivity (due to e.g. insertion losses) due to RF IC or other techniques before LNA
	No impact

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	-67 dBm
Note: provided by 
①-③-⑨-⑤dBm

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	24 dBc

	
	
	Frequency isolation techniques 
	Filtering

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-20dBm

	
	
	
	Rx IM3 contribution (dBm)
	-161dBm

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

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2)
	-91 dBm
Note: provided by 
①-③-⑨-⑤-⑥dBm

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

	
	RX sensitivity degradation caused by RX beam nulling
	Limited, ~0dB

	
	Digital IC  = ⑦ dBc
	15 dBc

	Overall RSIC capability  (Note 1)
	134.5 dBc

	Noise floor ⑩dBm
	-83 dBm/100MHz

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	-89 dBm

	Required RSIC budget (①-⑪dBc)
	119 dBc

	SBFD configuration
	DU (100MHz-100MHz)

	Guardband assumption (if exist)
	5PRB

	bandwidth over which suppression is achieved
	100MHz

	Others
	


Observation 7: According to SIC budget calculation in Table-2, it’s feasible to ensure 1dB de-sensitivity based on achievable spatial isolation, frequency isolation and digital IC applied, for FR2-1 BS. 

2.2.3 RSIC Capability Analysis for TR38.858
As required by SID, the RSIC capability analysis for SBFD BS RF feasibility study shall be captured in TR38.858. Based on the detailed analysis framework, we expect companies’ inputs can be captured and combined for comparison, while subsection for different component capabilities can be reserved to encourage companies’ inputs, especially by capturing balanced views and analysis. 
Proposal 2: RSIC analysis framework shall be adopted for SBFD BS RF feasibility study to be captured in TR38.858, and subsection for different component capabilities can be reserved to encourage companies’ inputs.

2.3 RSIC Component Capability Analysis 
In the previous subsection, the component RSIC capabilities are provided based on Samsung’s testbeds results. The relevant analysis has been provided in our last meeting contribution [10, R4-2219283], in which the analysis can be referred to. 
2.4 RSI dependency on Blocking, AGC and ADC
Based upon the WF [6] achieved in RAN4#105, it is agreed to further study the RSI dependency on blocking, AGC and ADC: 
	2 Way Forward on RSI dependency on blocking, AGC and ADC

2.1 Assumption for input power metric to LNA
Agreement: 
· FFS gNB receiver saturation, non-linearity, and AGC model is based on peak input power.

2.2 Analysis on LNA non-linearity and blocking level
Agreement: 
· RAN4 further study on LNA saturation/non-linearity: 
· FFS the value as the maximum blocking level to ensure the receiver of UL sub-band is not blocked and maintain an acceptable reference sensitivity, for FR1 WA BS.
· Option 1: -43dBm (baseline)
· Option 2: Other improvements are not precluded
· The IM3 product level is encouraged to be provided in the RSIC analysis framework 
· RAN4 further study on ADC dynamic range: 
· Take into account the maximum blocking level (baseline) to study the required ADC dynamic range. 
· RAN4 further study on AGC impact: 
· Option 1: AGC is not need to be analysed for BS Rx path because ADC dynamic is not a problem.
· Option 2: FFS the AGC model’s impact
· AGC model examples: 
· Example-1: the effect of non-linearities at the gNB receiver suffered can be modelled as a linear increase (with slope SL1 and SL2) of the base station noise figure as a function of the RF peak input power at each Rx chain once such peak input power exceeds a first and a second threshold a and b. 
[image: ]
[bookmark: _Ref115375147]Figure. Behaviour of noise figure as a function of Peak input power.
[bookmark: _Ref115375461][bookmark: _Ref115375428]Table: Example parametrization of proposed model
	Snf
	Small signal noise figure
	5
	dB

	a
	Peak input power threshold 1
	[-35]
	dBm

	b
	Peak input power threshold 2
	[-16]
	dBm 

	SL1
	Noise figure slope 1  
	[0.35]
	

	SL2 
	Noise figure slope 2  
	[1.9]
	



	NF = Snf						                                                                 for Peak input power < a 
NF = Snf – a * SL1 + SL1* Peak input power                                     for: a < Peak input power < b
NF = Snf – a*SL2 + b*(SL1 – SL2) + SL2*( Peak input power)        for Peak input power > b



· Example-2: No AGC if the signal level is below the maximum blocking level. 



2.4.1 RSI dependency on blocking
On discussion point is how to derive the IIP3 required based on the existing RAN4 requirement, i.e., which metric (either based upon general blocking requirement or the intermodulation requirement) shall be followed. However, it should be noted that both methods’ logic is to derive the IIP3 performance based on existing RAN4 requirement, while it is already agreed that “If found feasible, SBFD operation requires new/enhanced implementation for gNB capable of SBFD and cannot be software upgraded to existing BS”, so just strictly following RAN4 requirement to derive the required IIP3 metrics could be very pessimistic. 
Observation 8: Simply following existing RAN4 requirement to derive the required LNA IIP3 metrics and accordingly the feasibility conclusion of SBFD is very pessimistic assumption. 
2.4.2 ADC Dynamic Range
Based on the theoretical analysis for the achievable ADC dynamic range (based on the N-bit ADC and the process gain provided by 10log10((𝑓_𝑠/2)/𝐵𝑊)), it can be demonstrated that the requested ADC dynamic range (provided by the difference between Maximum acceptable leakage power at RX antenna and minimum received wanted power) is still within the range of commercialized available component. 
Table 3: Calculation on ADC dynamic range 
	Parameter
	FR1 (Wide Area BS）
	FR1 (Medium Range BS)
	FR2-1
	Comments

	Maximum acceptable leakage power at RX antenna (1)
	-43dBm
	-38dBm
	 -57.6dBm
	Refer to in-band blocking

	Minimum received wanted power (2) 
	~ -95.6 dBm
	~ -90.6 dBm
	~ -83.6 dBm/TRP
	Refer to REFSENS

	Requested ADC dynamic range: 
(3) = (1)-(2) 
and corresponding N-bit ADC required
	 ~ 52.6 dBc
12 bits ADC required
	~ 52.6 dBc
12 ADC required 
	0- 30 dBc
9 bits ADC required 
	Depending on receiver ADC saturation/dynamic range，𝑆𝑁R|_𝑑𝐵=6.02 N+4.77dB −𝑃𝐴𝑃𝑅|_𝑑𝐵+10log10((𝑓_𝑠/2)/𝐵𝑊)
9 bits assumed, 40dBc dynamic range with 12dB PAPR
12 bits assumed, 58dBc dynamic range with 12dB PAPR
14 bits assumed, 80dBc dynamic range with 12dB PAPR


Observation 9: According to calculation presented in Table 5, the requested ADC dynamic range is still within the range of commercialized available component. 
3 Co-channel Inter-Subband gNB-gNB CLI Modeling
3.1 Co-channel co-site inter-sector gNB-gNB CLI modelling
Based on the agreed WF [6] as below, there are two key issues to be further discussed for co-channel co-site inter-sector gNB-gNB CLI evaluation: (1) the analysis framework, and (2) the achievable antenna isolation in the case of co-site inter-sector gNB-gNB CLI.   
	Agreement: 
· FFS the analysis framework co-channel co-site inter-sector gNB-gNB CLI
· FFS the RSIC analysis framework can be reused or not. 
· For co-channel co-site inter-sector gNB-gNB CLI modelling, it is encouraged to provide the numerical value for: 
· The achievable coupling loss in the case of co-site inter-sector gNB-gNB
· Compared to self-interference, FFS the antenna isolation (with the achievable coupling loss). 
· Information about the following aspects can be provided: 
· Operating band
· BS class
· Inter-sector distance
· Details about isolation structure
· Other site considerations



3.1.1 Analysis framework 
As discussed in last meeting, the detailed analysis framework for self-interference can be used as the basis for co-channel co-site inter-sector gNB-gNB CLI modeling, while the different field is highlighted in the below table. 
Proposal 3: Based on the analysis framework for self-interference, the below table is proposed for analysis for co-channel co-site inter-sector gNB-gNB CLI modeling, with different fields highlighted as below:
Table 4: Analysis framework for  co-channel co-site inter-sector gNB-gNB CLI
	FR1 (or FR2-1)
	Company-A

	BS class
	Wide 
Area BS

	BS TX Power  = ① dBm
	xxx dBm

	Component 
capability and parameters
	Frequency isolation at TX
	Frequency isolation capability  = ② dBc
	xxx 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
	Co-channel Co-site Inter-sector 
Spatial isolation capability 
 = ③  dBc
	xxx dBc

	
	
	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
	xxx 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)
	

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

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

	
	
	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
	xxx dBc

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

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	xxx 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)
	

	
	
	
	Rx IM3 contribution (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)
	xxx dBm

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

	
	RX sensitivity degradation caused by RX beam nulling
	xxx dBc

	
	Digital IC  = ⑦ dBc
	xxx dBc

	Overall RSIC capability  (Note 1)
	xxx dBc

	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.



3.1.2 Antennal Isolation for Co-channel Co-site Inter-sector gNB-gNB CLI 
For the below interested scenario, antenna isolation (with the achievable coupling loss) is to be evaluated: 
· 3 sector scenario is under consideration: 
· The angle between every two sectors’ boresight directions is 120 degree;
· Sector antenna panel’s width is 180mm;
· Between two sectors’s antenna panel:
· The center to center distance is: 150mm;
· The nearest distance between edge to edge is: 60mm;
· Three antenna elements are used to form an antenn port. 
· 3.5GHz operating frequency with 100MHz bandwidth.
The above simualtion scenario can be illustrated in the below figure. In the right part of below figure, the top view is presented with the concerned panels of sector 1 and sector 2. 

[image: ]                           [image: ]
Figure-1: (Left figure) 3-sector scenario for co-channel co-site inter-sector antenna isolation study; 
(Right figure) top view for the 2-sector scenario.

Accordingly, we have performed HFSS-based RF simulation for the above 3-sector scenario, by evaluating the isolation from sector 2 to sector 1. Specifically, S-parameters between two antenna ports from two sectors are evaluated, by considering each pair of antenna ports with co/cross-polarization relationships, which is further illustrated in below Figure-2. The RF evalaution results have been provided in the followed Table-5.  
[image: ]      
Figure-2: Illustration of S-parameters for antenna port pair.
Table-5: S-parameter evaluation results.

Based on the numerical results, the variance of spatial isolation for different antenna port pairs and different co-/cross-polarization relationships can be demonstrated. Moreover, the edge effect (the wave traversing the surface of antenna panel is condensed and reflected arbitrary at the edge of the antenna panel or any obstacles) further complicates the results. 
By comparing the same pair of antenna ports but with co-polarization and cross-polarization, it is hard to have a simple observation for which one is higher, but different observations depend on the designated antenna pair. The results could be explainable by the +45degree and -45degree placement for two polarizations. Within a panel, the co-pol and cross-pol can be guaranteed, while 3-sector case may make the alignment disappear. 
The following observations can be obtained: 
Observation 10: The RF simulation has shown that numerical analysis on the antennal isolation for co-channel co-site inter-sector gNB-gNB CLI:
- In the range of 62-93dB, depending on different antenna pair and co/cross-polarization
- Note: the results are obtained for the 3-sector scenario at 3.5GHz with detailed parameters provided. 
The co-site inter-sector co-channel inter-sector CLI is modelled by reusing the self-interference model with different isolation and cancelation capabilities. We expect the spatial isolation capability for two sector antennas is no less than or larger than that for two antenna panels in one sector. It is because larger distance and different boresight angle directions between two sector antennas can be utilized.
It is worth noting that in the HFSS simulation we didn’t’ reflect EM conjugated structure we used in our testbed having two panels in the same sector. In our testbed, the EM conjugated structure can improve around 20~30dB additionally, i.e., without the EM conjugated structure, we observed 50~60dB antenna isolation value. We can anticipate the similar improvement if the EM conjugated structure is installed between two-sector antennas. Hence, the EM conjugated structure, we expect the achievable antenna isolation shall be in the range of [90 - 100]dB.
The effect of the co-site inter-antenna interference has also been studied in WIMAX Forum [12], where they checked antenna isolation capability between two antennas for two carriers with different duplex modes (i.e., one carrier uses TDD and another carrier used FDD). Two antennas can be positioned horizontally or vertically and have different tilting angles. They concluded that
-	More than 2m horizontal spacing is required for the isolation to exceed 55dB
•	Positive rotation of boresight angle direction can improve the isolation by more than 10dB 
•	Electrical tilt improves the isolation by 20dB at 4° downward 
-	Vertical separation provides at least 70dB of isolation even in the case of 0m separation distance
•	Rotation of boresight angle direction can improve the isolation by only 10dB in 180° of boresight angle
•	Simultaneous electrical down-tilt of both antennas improves the isolation by more than 7dB at 4° downward
Based on the study, we can conclude around 70dB or more of antenna isolation capability was confirmed in field experiments. This result reveals that antenna isolation of two-sector antennas is able to increase by larger horizontal distance, or vertical antenna arrangement, or different boresight angle directions, or different electrical tilts or combination thereof.
Observation 11: Antennal isolation for co-channel co-site inter-sector gNB-gNB CLI can be further improved to the range of [90-100]dB, by having the methods e.g., installing EM conjugated structure between sectors, larger horizontal distance, or vertical antenna arrangement, or different boresight angle directions, or different electrical tilts or combination thereof.
4. BS RF Requirement Impact for SBFD capable gNB
In the last RAN4 meeting, the following WF [6] is agreed to encourage more discussion on the necessity of new RF requirements for SBFD operation: 
	Agreement: 
· In-channel adjacent subband leakage ratio, In-channel adjacent subband Blocking and adjacent subband selectivity: 
· Option 1: No such requirement needed. RAN4 consider the SBFD performance requirement for receiver sensitivity with the simultaneous TX in the SBFD time slot, in which the in-channel adjacent subblock leakage ratio and in-channel adjacent subblock blocking requirements can be guaranteed implicitly.
· Option 2: New requirements are needed for In-channel adjacent subband leakage ratio, In-channel adjacent subband Blocking + Adjacent subband selectivity.
· OTA sensitivity: 
· New requirements are needed
· ACLR, ACS, in-band blocking, intermodulation: 
· FFS.
· Other requirements not precluded



For the in-channel adjacent subblock leakage ratio (new) and in-channel adjacent subblock blocking/selectivity (new), the intended purpose is to make sure the SBFD operation without issues. However, we see the difficulty to specify a reasonable requirement accordingly because the RSIC budget over various component capabilities can be an implementation-specific issue, which is highly depends on vendors’ choice. For instance, with or without TX DPD could have significant impact on in-channel adjacent subblock leakage ratio, while RAN4 can’t specify the requirement based on implementation with DPD since some vendors may use other methods to deliver the similar overall RSIC capability to make sure SBFD operate well. Similar story for the potential new metric, in-channel adjacent subblock blocking/selectivity: with or without RF SIC, the required in-channel adjacent subblock blocking requirement can be significantly different, while it is hard for RAN4 to agree on a single RF architecture to derive the requirement. 
Observation 12: It is difficult for RAN4 to agree on a single RF architecture to derive the potential new requirements for (1) in-channel adjacent subblock leakage ratio (new), (2) in-channel adjacent subblock blocking (new) and (3) in-channel adjacent subband selectivity. 
Proposal 4: RAN4 consider the SBFD performance requirement for receiver sensitivity with the simultaneous TX in the SBFD time slot, in which the in-channel adjacent subblock leakage ratio, and in-channel adjacent subblock blocking and in-channel adjacent subband selectivity requirements can be guaranteed implicitly while no explicit requirement needed.

5. Discussion on Response to RAN1 LS (R1-2212963)
In RAN1 #111, the agreements captured in R1-2212963 [9] are achieved for the self-interference modeling, while it is expected RAN4 to confirm the RAN1’s understanding. There are three RAN1 agreements for which we will provide our analysis one by one: 
5.1 Agreement-1 in R1-2212963
	Agreement-1
Regarding the modelling of inter-site gNB-gNB co-channel inter-subband CLI agreed in RAN1#110bis for the case that both large scale fading and small scale fading are modelled for gNB-gNB co-channel channel model, the second part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at one UL RB, caused by receiver selectivity at victim gNB, can be modelled as
 
· , , is modelled as white Gaussian noise
· 
·  
·  is the  channel matrix between aggressor gNB and victim gNB at DL RB , the analog beams of the aggressor gNB and the victim gNB can be taken into account by ,
·  is the digital precoder at DL RB  at aggressor gNB, ,
·  is the symbol transmitted at DL RB  at aggressor gNB with transmission power for each layer as .
·  is the total number of DL RBs in the DL subbands,
· RAN1 can assume  (in channel selectivity) is given by gNB ACS unless further RAN4 guidance is received.
· Send LS to RAN4 to confirm RAN1 understanding and check whether  can be modelled depending on the value of the blocker interference, e.g.,

· Note:  can be reported by companies



In the above agreement-1, most parts are more related to RAN1 and should be determined by RAN1, while the only part concerning to RAN4 is ICS for inter-site gNB-gNB co-channel inter-subband CLI. As one of RAN4 agreements (as captured in WF R4-2220244), gNB ACS shall be used as baseline for system level simulation and feasibility study, while  the possibility of improved receiver impairment performance compared to gNB ACS shall not be precluded in future RAN4 works. 
Furthermore, RAN4 analysis are based on one working point (most of the analysis are conducted based on max TX power), but not complex as the function of different Pblocker. To further refine the ICS modeling, RAN4 may consider the ICS performance if the level of blocker power is higher than certain threshold, i.e., the selectivity level can be reduced due to blocked LNA. However, till now, RAN4 has no conclusion on this yet. 
Proposal 5: RAN4 reply the following information related to Agreement-1: 
· RAN4 confirm RAN1’s understanding on ICS performance, and the following agreement has been agreed: 
	Agreement: 
· For co-channel inter-site gNB-gNB CLI modeling, gNB ACS shall be used as baseline for system level simulation and feasibility study. 
· Further study on the possibility of improved receiver impairment performance compared to gNB ACS shall not be precluded in future RAN4 works.



5.2 Agreement-2 in R1-2212963
	Agreement-2
For SLS in RAN1, for co-site inter-sector co-channel inter-subband CLI modelling, reuse similar method as gNB self-interference modelling as follows. 


·  is DL Tx power of sector x per RB (in linear scale),  
·  is the maximum DL Tx Power of sector x on the two DL subbands (in linear scale).
·  is the total number of DL RBs in the DL subbands.
·  is the number of DL RBs allocated for DL transmission of sector x.
·  is the interference suppression capability of co-site inter-sector co-channel inter-subband CLI. 
· 
· Note:  and  are in linear scale. gNB ACLR (i.e.,) is provided as the candidate for TX leakage, and gNB ACS (i.e.,) is provided as the candidate for Receiver impairment. 
· Companies shall report the value of  assumed in the simulations with feasibility of how these values were derived. 
· Send LS to RAN4 confirming the model and asking the value ranges for spatial isolation, and values of   and  .



For the modeling in agreement-2, RAN4 would like to confirm RAN1’s understanding. For the range of spatial isolation for co-site inter-sector co-channel inter-subband CLI modelling, our detailed analysis is provided in Section 3.1, and RAN4 already reached the agreement on ACS and ACLR. Accordingly, the following proposal is provided: 

Proposal 6: RAN4 reply the following information related to Agreement-2: 
· RAN4 confirm RAN1’s understanding on this model;
· For co-site inter-sector co-channel inter-subband CLI modelling, the value range of spatial isolation in the range can be in the range of [90,100]dB, by having the methods e.g., installing EM conjugated structure between sectors, larger horizontal distance, or vertical antenna arrangement, or different boresight angle directions, or different electrical tilts or combination thereof. 
· For the values of ACLR and ACS for candidate for TX leakage and RX impairment respectively, the following agreement has been agreed in RAN4:
	Agreement on feasibility and how to model co-site inter-sector gNB-gNB CLI modelling: similar modelling as for self-interference (RSI) can be applied but may with different parameters especially on antenna isolation
· FFS on possibility to apply digital IC for this case



5.3 Agreement-3 in R1-2212963
	Agreement-3
For SLS in RAN1, regarding Tx leakage model of UE-UE co-channel inter-subband CLI modelling, Option 1 is used as starting point.
· Option 1: RAN1 to take in-band emission (IBE) defined in TS38.101-1 and TS38.101-2 as starting point.
· Send LS to RAN4 to ask them whether it can be modelled as an equivalent frequency flat model (e.g., ) based on RAN4 IBE requirement, and if possible, what is the value of 



For the TX leakage model of UE-UE co-channel inter-subband CLI modeling, RAN4 had discussed the possibility to have the simplified “flat model”, while RAN4 finally agree to use the IBE model which is flexible enough to be utilized for different kind of configuration. With that, RAN4 would not need to further derive a frequency flat model. Accordingly, the following proposal is provided: 

Proposal 7: RAN4 reply the following information related to Agreement-3: 
· RAN4 confirm Option 1 is aligned with RAN4 agreement, and as confirmed in previous reply LS (R4-2220243), the IBE-based model shall be used for TX modelling for UE-UE CLI for the co-channel case in RAN1 system-level simulation: 
· IBE models provided in clause 6.4.2.3 in TS38.101-1 and clause 6.4.2.3.4 in TS38.101-2 shall be followed. 
· The general and IQ Image part of in-band emission model shall be considered, while the carrier leakage part can be ignored. 

With the above discussion in the Section 5, the draft reply LS is provided in the Appendix-1. 


6. Conclusion
In this contribution, we provided our viewpoints on the feasibility and RF impact of SBFD from BS aspects, accordingly the following observations and proposals are obtained: 
RSIC Analysis Framework:
Observation 1: Before digital IC, the residual self-interference comes from two sources:
· , Interference leakage in gNB RX subband due to non-ideal TX, which can be derived as  , with the reference point being set at RX antenna. 
· , Interference in gNB RX subband caused by non-ideal RX selectivity, which can be derived as , which is the gain-normalized value with reference point being set at RX antenna. 
Observation 2: Before digital IC, the residual self-interference in RX subband is .
Observation 3: After digital IC, the residual self-interference in the RX subband can be derived as 
dBm.
Proposal 1: Based on component capabilities in the analysis framework, the overall RSIC capability can be derived as 
 
 dBc.

RSIC Capability for FR1 and FR2-1 BS:
Observation 4: Samsung’s input for RSIC budget calculation for FR1 BS is provided in Table-1. 
Observation 5: According to SIC budget calculation in Table-1, it’s feasible to ensure 1dB de-sensitivity based on achievable spatial isolation, frequency isolation, RF IC and digital IC applied, for FR1 BS. 
Observation 6: Samsung’s input for RSIC budget calculation for FR2-1 BS is provided in Table-1. 
Observation 7: According to SIC budget calculation in Table-2, it’s feasible to ensure 1dB de-sensitivity based on achievable spatial isolation, frequency isolation and digital IC applied, for FR2-1 BS. 
Proposal 2: RSIC analysis framework shall be adopted for SBFD BS RF feasibility study to be captured in TR38.858, and subsection for different component capabilities can be reserved to encourage companies’ inputs.
Observation 8: Simply following existing RAN4 requirement to derive the required LNA IIP3 metrics and accordingly the feasibility conclusion of SBFD is very pessimistic assumption. 
Observation 9: According to calculation presented in Table 5, the requested ADC dynamic range is still within the range of commercialized available component. 

Co-channel Inter-Subband gNB-gNB CLI Modeling:
Proposal 3: Based on the analysis framework for self-interference, the below table is proposed for analysis for co-channel co-site inter-sector gNB-gNB CLI modeling, with different fields highlighted as below.
Observation 10: The RF simulation has shown that numerical analysis on the antennal isolation for co-channel co-site inter-sector gNB-gNB CLI:
- In the range of 62-93dB, depending on different antenna pair and co/cross-polarization
- Note: the results are obtained for the 3-sector scenario at 3.5GHz with detailed parameters provided. 
Observation 11: Antennal isolation for co-channel co-site inter-sector gNB-gNB CLI can be further improved to the range of [90-100]dB, by having the methods e.g., installing EM conjugated structure between sectors, larger horizontal distance, or vertical antenna arrangement, or different boresight angle directions, or different electrical tilts or combination thereof.

BS RF Requirement Impact for SBFD capable gNB:
Observation 12: It is difficult for RAN4 to agree on a single RF architecture to derive the potential new requirements for (1) in-channel adjacent subblock leakage ratio (new), (2) in-channel adjacent subblock blocking (new) and (3) in-channel adjacent subband selectivity. 
Proposal 4: RAN4 consider the SBFD performance requirement for receiver sensitivity with the simultaneous TX in the SBFD time slot, in which the in-channel adjacent subblock leakage ratio, and in-channel adjacent subblock blocking and in-channel adjacent subband selectivity requirements can be guaranteed implicitly while no explicit requirement needed.

Response to RAN1 LS (R1-2212963):
Proposal 5: RAN4 reply the following information related to Agreement-1: 
· RAN4 confirm RAN1’s understanding on ICS performance, and the following agreement has been agreed: 
	Agreement: 
· For co-channel inter-site gNB-gNB CLI modeling, gNB ACS shall be used as baseline for system level simulation and feasibility study. 
· Further study on the possibility of improved receiver impairment performance compared to gNB ACS shall not be precluded in future RAN4 works.



Proposal 6: RAN4 reply the following information related to Agreement-2: 
· RAN4 confirm RAN1’s understanding on this model;
· For co-site inter-sector co-channel inter-subband CLI modelling, the value range of spatial isolation in the range can be in the range of [90,100]dB, by having the methods e.g., installing EM conjugated structure between sectors, larger horizontal distance, or vertical antenna arrangement, or different boresight angle directions, or different electrical tilts or combination thereof. 
· For the values of ACLR and ACS for candidate for TX leakage and RX impairment respectively, the following agreement has been agreed in RAN4:
	Agreement on feasibility and how to model co-site inter-sector gNB-gNB CLI modelling: similar modelling as for self-interference (RSI) can be applied but may with different parameters especially on antenna isolation
· FFS on possibility to apply digital IC for this case



Proposal 7: RAN4 reply the following information related to Agreement-3: 
· RAN4 confirm Option 1 is aligned with RAN4 agreement, and as confirmed in previous reply LS (R4-2220243), the IBE-based model shall be used for TX modelling for UE-UE CLI for the co-channel case in RAN1 system-level simulation: 
· IBE models provided in clause 6.4.2.3 in TS38.101-1 and clause 6.4.2.3.4 in TS38.101-2 shall be followed. 
· The general and IQ Image part of in-band emission model shall be considered, while the carrier leakage part can be ignored. 
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8. Appendix-1: Reply LS to RAN1 R1-2212963

3GPP TSG-RAN WG4 Meeting #106                                                                R4-23xxxxx 
Athens, Greece, February 27th – March 3rd, 2022

Title:	Reply LS 
[bookmark: OLE_LINK58][bookmark: OLE_LINK57]Response to:	R1-2212963
[bookmark: OLE_LINK61][bookmark: OLE_LINK60][bookmark: OLE_LINK59]Release:	Rel-18
[bookmark: _Hlk103894176]Work Item:	FS_NR_duplex_evo

Source:	RAN WG4
To:	RAN WG1
[bookmark: OLE_LINK46][bookmark: OLE_LINK45]Cc:	

Contact person:	Wang, He (Jackson), h0809.wang@samsung.com
	
Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	-

1	Overall description
For RAN1 LS R1-2212963, RAN4 thanks RAN1 for further sharing the agreements on interference type for Rel-18 NR duplex evolution study. For the four agreements regarding the interference modelling for SBFD operation, RAN4 has discussed and conclude the reply as follows:  
· Regarding RAN1 Agreement-1 in R1-2212963, 
· RAN4 confirm RAN1’s understanding on ICS performance, and the following agreement has been agreed: 
	Agreement: 
· For co-channel inter-site gNB-gNB CLI modeling, gNB ACS shall be used as baseline for system level simulation and feasibility study. 
· Further study on the possibility of improved receiver impairment performance compared to gNB ACS shall not be precluded in future RAN4 works.



· Regarding RAN1 Agreement-2 in R1-2212963, 
· RAN4 confirm RAN1’s understanding on this model;
· For for co-site inter-sector co-channel inter-subband CLI modelling, the value range of spatial isolation in the range can be in the range of [90,100]dB, by having the methods e.g., installing EM conjugated structure between sectors, larger horizontal distance, or vertical antenna arrangement, or different boresight angle directions, or different electrical tilts or combination thereof. 
· For the values of ACLR and ACS for candidate for TX leakage and RX impairment respectively, the following agreement has been agreed in RAN4:
	Agreement on feasibility and how to model co-site inter-sector gNB-gNB CLI modelling: similar modelling as for self-interference (RSI) can be applied but may with different parameters especially on antenna isolation
· FFS on possibility to apply digital IC for this case



· Regarding RAN1 Agreement-3 in R1-2212963, 
· RAN4 confirm Option 1 is aligned with RAN4 agreement, and as confirmed in previous reply LS (R4-2220243), the IBE-based model shall be used for TX modelling for UE-UE CLI for the co-channel case in RAN1 system-level simulation: 
· IBE models provided in clause 6.4.2.3 in TS38.101-1 and clause 6.4.2.3.4 in TS38.101-2 shall be followed. 
· The general and IQ Image part of in-band emission model shall be considered, while the carrier leakage part can be ignored. 
2	Actions
To RAN WG1 
ACTION: 	RAN4 kindly asks RAN1 to consider above replies in the future discussion. 
3	Dates of next RAN WG 4 meetings
TSG RAN WG4 Meeting #106-Bis-e			17th – 26th April, 2023   			Online
TSG RAN WG4 Meeting #107			22th – 26th May, 2023   	    		Korea
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