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[bookmark: _Toc109913524]Background
[bookmark: _Toc109913527]This TP provides the TP for FR1 LA BS feasibility according to [1] and [2], it includes self-interference analysis and co-channel inter-subband inter-site interference analysis, and also provides summary of LA SBFD BS feasibility. 
Reference
[1] 3GPP TR 38.858, Study on Evolution of NR Duplex Operation, V1.0.0
[2] R4-2313867, “WF for feasibility and BS requirements impact on SBFD operation”, RAN4#108, Samsung
[3] R4-2313981, TP for TR 38.858:“Feasibility of FR1 Local Area BS aspects”, RAN4#108, CATT
TP for TR 38.858: Feasibility of FR1 local area BS aspects
[bookmark: _Toc144651952][bookmark: _Toc134691817]9.4	Feasibility of FR1 local area BS aspects
[bookmark: _Toc144651953]9.4.1	Self-interference analysis
Editor's note: This section captures the typical assumption based on which the RSIC capability is derived and analysis results
9.4.1.1	Summary table for self-interference analysis
Table 9.4.1.1-1 summarizes the self-interference analysis results from companies.
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Table 9.4.1.1-1: SI feasibility study for FR1 Local Area BS 
	FR1 
	Ericsson (preliminary)
	ZTE
	CATT
	Huawei
	Nokia
	Samsung

	BS class
	Local Area BS (3GPP minimum)
	Local Area BS (Realistic RX)
	LA
	LA
	LA
	Local Area BS
	Local Area BS

	BS TX Power  = ① dBm
	24
	24
	23
	24
	24
	23
	24

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

	
	
	Frequency isolation 
techniques used
	Digital filtering, CFR, DPD
	DPD utilized
	CFR
	DPD
	Digital filtering or windowing to clean UL sub-band; DPD to suppress PA distortion
	DPD utilized

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	70
	70
	60
	70
	70
	60 (if omnidirectional antennas are used, this would be less)
	80

	
	
	Spatial isolation 
techniques used
	Physical distance, isolation structures
 
	TX/RX panel separation
	TX/RX panel separation, isolation structures, isolation material, cross polarization
	Spatial separation between TX panel to single RX
	Spatial separation between TX/RX panels; EM shielding structures between TX/RX panels
	TX/RX panel separation and RF barrier structure

	
	TX Beam nulling /isolation in TX sub-band
= ④ dBc
	0
	0
	0
	0
	0
	0
	0

	
	DL EIRP impact due to beam nulling in TX sub-band
	TX beam nulling not assumed due to array size
	N/A

	TX Beam nulling is not assumed
 due to the array size
	N/A
	TX Beam nulling is not assumed due to the array size
	N/A

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-91
	-91
	-101
	-104.01
	-97
	-88 
(①-②-③-④-
10*log10(80/20))
	-101
Note: provided by ①-②-③-⑨

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

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

	
	
	RF IC techniques and other tech.
(before LNA)
	Analogue IC could be considered for this case, but is restrictive on pre-coding and multi-carrier. Digital IC has instead been assumed.
 
	subband filtering
	0
	N/A
	0
	N/A

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

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	-46
	-46
	-50
	-46
	-46
	-37
	-56
Note: provided by 
①-③-④-⑤

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	xxx dBc
	60
	55
	60-80
	
	40

	
	
	Frequency isolation techniques 
	Digital IC of TX. The impact of scattering / reflection in the environment has not been considered.
 It is assumed that RX ACS is very large due to time alignment and achieving orthogonality between the TX and RX signals in the digital domain. 
	Digital Filtering

	Digital filter for ACS
	Digital filtering
	
	Digital filtering

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-24.6
	-10
	-5
	-16
	-5
	-10
	-20

	
	
	
	Rx IM3 contribution (dBm)
	-88.8
	 Negligible
	-140
	-106
	-128
	Negligible
	-128

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	No other significant impacts other than those mentioned above
	Marginal
	No other significant impacts
	negligible
	No other significant impacts
	N/A

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2) (dBm)
	-88.8
	-110
	-110
	-101
	negligible
	-87 (at 50 dB ACS)
	-96 
Note: provided by 
①-③-④-⑤-⑥

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	0-3 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.

	0
	0
	N/A
	0
	0

	
	RX sensitivity degradation caused by RX beam nulling
	
	N/A
	
	N/A
	
	N/A

	
	Digital IC  = ⑦ dBc
	15 dBc on transmitter 
	20
	10
	N/A
	5 to 10
	10

	Overall RSIC capability  (Note 1)
	112 dBc
	128 dBc
	130.5
	122.33
	121
	110 to 115
	129

	Noise floor ⑩dBm
	-87 dBm/CBW
	-87 dBm/CBW
	-91.0
	-87.99
	-87 dBm/20 MHz
	-91.0
	-87

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	-93 dBm
	-93 dBm
	-97.0
	-93.99
	-93 dBm
	-97.00
	-93

	Required RSIC budget (①-⑪dBc)
	117 dBc
	117 dBc
	127.0
	117.99
	117
	120.0
	117

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

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

	bandwidth over which suppression is achieved
	<300MHz
	
	
	
	
	20MHz

	Others
	The conclusion does not take into account interference increase due to scattering effects, or the possibility for receiver algorihms to mitigate scattering, inter-sector and inter-site and self-interference (reference scenarios needed).
	
	
	
	
	

	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.
	
	
	
	
	






9.4.1.2	Feasibility study on self-interference
9.4.1.2.1 Ericsson
The self-interference suppression expectations for the LA BS class are provided in table 9.4.1.1-1. Two examples are provided. The first is an LA BS with RF performance just enough to meet 3GPP minimum requirements. The second is an LS BS with improved receiver performance, but still likely sufficient for a commercially viable solution.
The table suggests that, depending on variation in the achievable spatial isolation, some degree of improved receiver and/or digital cancellation may be needed for LA SBFD. However, in general self-interference suppression appears feasible.
Spatial isolation and beam nulling
The spatial isolation for LA is more difficult to quantify, as the array size and form-factor for a LA BS may vary significantly. LA SBFD could even be operated by placing TX and RX LA basestations at some distance. 70dB isolation has been assumed, and obviously the conclusions may vary if a smaller isolation is achieved. Beam nulling is not assumed, since a small array size is assumed.

Analogue interference cancellation
Analogue interference cancellation is more feasible for a LA BS with a smaller array size. The drawback would be the need to beamform on the same way on all RB and all carriers for a LA BS. Potentially analogue IC could be considered if the isolation for a particular design would be substantially less than 70dB.

Analogue filtering
Analogue filtering is not really needed for a LA BS due to the lower power in the TX sub-bands.

Digital interference cancellation and receiver processing
Digital sampling of the TX leakage interference and subtraction at RX is feasible for a LA BS. An alternative to digital cancellation of TX leakage could be an improved PA linearization at the transmitter side. The possibility of either improved PA linearization or digital IC is captured as 15dB digital IC.
Receiver combining could also potentially mitigate some interference although with a smaller array size, the degrees of freedom with which to do so would be lower than other BS classes.

9.4.1.2.2 CATT
In SI capability analysis, the following techniques are used,
· CFR is used to improve equipment efficiency, DPD is used for high power equipment to optimize ACLR. 
· Tx antennas panel and Rx antennas panel are separate, there are some isolation material between them, and cross polarization is also used. 
· Digital filter is used to resolve the adjacent sub-band (i.e. TX subband) interference issue. 
· Digital IC is used to reduce interference in the UL sub-bands.
From the analysis in Table 9.4.1.1-1, the following capabilities are needed,
· Frequency isolation capability of frequency isolation at TX is 45dB
· Spatial isolation is 70dB
· ACS is 55dBc
· IIP3 is -16dBm
· Digital IC is 10dB
The above capabilities except frequency isolation are improved compared with legacy LA BS, but it’s feasible from implementation point of view.

9.4.1.2.3 Nokia
The Nokia input in the Table 9.4.1.1-1 presents the company’s view on the self-interference mitigation analysis for a local area base station with 24 dBm total output power. The RSIC capability corresponds to 110 to 115 dBc for the Rx which is achieved using a combination of spatial isolation (60 dBc), frequency separation (45 dBc), and digital IC techniques (5-10 dBc). Under such considerations, the self-interference observed in the 20 MHz UL subband is dominated by transmitter ACLR and receiver selectivity with a combined magnitude of approximately -85 dBm prior to digital IC and -90 dBm to -95 dBm after digital IC, while the noise floor is -91.0 dBm. Even though there is a small desensitization of the receiver, it is feasible to operate the base station with acceptable performance as the coverage is not the primary target of local area deployments where the UL link budget and received UL power is generally very high. 
A detailed description of some of the key assumptions is provided below.
Spatial isolation and beam nulling
Approximately 60 dB of spatial isolation can be achieved for ceiling- or wall-mounted base stations with directive antenna radiation patterns although at the expense of larger form-factor to reach sufficient physical separation between Tx and Rx. For typical LA base stations with omni-directional antennas, the spatial isolation would be significantly lower, e.g., 30 dB or less, thus SBFD operation would be much more challenging or potentially unfeasible.
Tx beam nulling is not assumed due to relatively low number of TRXs.
Digital Interference cancellation techniques
Since the number of TRX is significantly lowered compared to mMIMO, there is a possibility for digital IC to be feasible. Digital IC can be achieved by improving the DPD in the transmitter side to reduce the unwanted transmitter leakage components that fall in the UL subband, while receiver-side digital IC techniques are also required to supress the self-interference signal in gNB RX subband caused by non-ideal RX selectivity.

9.4.1.3	Conclusion

Based on the feasibility study on self-interference in Section 9.4.1.2 and the summary table provided in Section 9.4.1.1, it can be concluded that with the proper implementation of component techniques including spatial isolation, frequency isolation, beam nulling, digital IC or a combination of these, the SBFD residual self-interference for FR1 LA BS can be controlled to the level of 6dB below the noise floor, which results in 1dB sensitivity degradation. 

[bookmark: _Toc144651954][bookmark: _Hlk142656824]9.4.2	Co-channel inter-sub-band inter-site interference analysis
This section captures the typical assumption of RF requirements and analysis results
On the feasibility and how to model inter-site gNB-gNB CLI modelling considering unwanted emission and receiver selectivity, RAN4 agree that
· The same transmitter leakage and receiver impairment model as used for investigating gNB self-interference, but antenna isolation is replaced with inter-site isolation.
· TX leakage baseline: gNB ACLR
· Receiver impairment can be studied with gNB ACS as baseline for system level simulation and feasibility study, and further study on the possibility of improved receiver impairment performance compared to gNB ACS shall not be precluded in future RAN4 works.

[bookmark: _Toc144651955]9.4.3	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility. 
For self-interference of FR1 LA BS, it can be concluded that the SBFD self-interference 1dB sensitivity degradation is achievable.  It is assumed that LA scenarios are not sectorized deployments.
For inter-site co-channel inter-subband interference, since the feasibility is deployment-dependent, RAN4 has provided the inter-site gNB-gNB CLI modelling used for coexistence study by considering unwanted emission and receiver selectivity modelling. 
In summary, from implementation point of view, it is feasible for FR1 LA SBFD BS.
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