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1 Introduction
SBFD feasibility study and RF impact from BS aspects were discussed in last meeting and WF for the feasibility from BS aspect was approved in [1].
In this contribution, we provide some discussion on the open issue on FR1 BS aspects.
2 Discussion
2.1 General part for RSIC analysis framework
The  following agreements agreed in last meeting.
· Agreement:
· RSIC analysis framework table shall be adopted for SBFD BS RF feasibility study to be captured in TR38.858, and subsection for different component capabilities shall be reserved to encourage companies’ inputs.
· RAN4 target to draw initial common observations based on the collected data till this meeting for self-interference analysis from BS aspect.
· RAN4 also target to list open issues for the cases which diverge views observed based on the data collected from companies
In general we agree with the above agreements. From the collected data of last meeting, we observe that there are some parameters may need alignment on the common understanding. 
For FR1, SBFD configuration [40, 20, 40] is used as the example configuration. It should be noted that the bandwidth of TX sub-band and the RX sub-band is asymmetrical, i.e. there is 6 dB differenc for the example configuration. For example, for high power BS 53 dBm, with 80 dB spatial isolation, 10 dB nuling and 45 dB ACLR, the self-interference leakage in RX subband at RX ant due to non-linearity should be -88 dBm, provided by 53-6-45-80-10 dBm. Hence it is proposed the the scalling factor should be used in the budget calculation for the asymmetrical SBFD.
Proposal 1: It is proposed that the scalling factor should be used in the budget calculation for the asymmetrical SBFD DL/UL configurations.
2.2 Residual Self-interference Cancellation (RSIC) analysis
In previous meetings, companies provided the evaluations on the RSIC capability and a summary table can be found in the topic summary [3]. For high power Wide Area BS, 49 dBm~54 dBm are proposed as the max BS TX power. We think a value ~ 53 dBm should be applicable to consider the practical deployments in FR1 bands. At the input of receiver, the blocking level is about -37 dBm (53-80-10 = -37 dBm). As discussed in last meeting, for a typical legacy BS, when the blocking level is higher than -43 dBm which will cause noise figure degradation [4]. Hence the blocking level at receiver need to be suppressed before causing large IM3 interference or receiver saturation. 

Analogue filter prior to the LNA would introduce also insertion loss which will cause sensitivity loss. Hence it is not suitable. Meanwhile putting analogue filter after LNA could tolerance the high insertion loss. The filter can be RF analog filter in the front-end or base-band analogue filter before the ADC. In the example we use RF analog filter which is put after LNA. The filter performance can be found in Figure below. A Q-value of 1500 and 5 poles are assumed in the simulator. It can be found that the insertion loss is less than 5 dB and ~15 dB suppression is achieveable.
Figure 2.2-1: performence of an example sub-band fitler
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As shown in the example below, putting analogue filter after LNA, since the front-end LNA can provide substantial gain on the wanted signal, the impact to overall noise figure is negligible (2.21 vs 2.24 dB), and the RX IIP3 prior to the filter is high enough to cope with high blocking level, such as ~ -30 dBm.
Table 2.2.-1: Cascaded NF and IIP3
	Receiver
	Band Filter
	LNA
	ATT
	subband Filter

	GAIN(dB)
	-1.20 
	25.00 
	-2.00 
	-5.00 

	NF(dB)
	1.20 
	1.00 
	2.00 
	5.00 

	OIP3(dBm)
	100.00 
	34.00 
	100.00 
	100.00 

	C_gain(dB)
	-1.20 
	23.80 
	21.80 
	16.80 

	C_NF(dB)
	1.20 
	2.20 
	2.21 
	2.24 

	C_OIP3(dBm)
	100.00 
	34.00 
	32.00 
	27.00 

	C_IIP3(dBm）
	101.20 
	10.20 
	10.20 
	10.20 



Observation 1: Analogue sub-band filter after LNA can provide the needed suppression for the receiver parts after the filter, and the impacts to RX sensitivity due to insertion loss is negligible.
Proposal 2: if analogue sub-band filter is adopted in the solution, the blocking performance can be improved at least 10 dB. The following values of A and B can apply to the agreed noise figure model.


The values of A, B, C and D:
A = -33dBm
B = -15dBm
C = 5dB
D = 14dB

2.3 RSIC Analysis for FR1 MR/LA
In [5] at last meeting, we provide the data to RSIC analysis framework table for WA BS. The analysis for MR BS and LA BS is provided as below.
Table 2.3-1: RSIC Analysis for FR1 MR BS and LA BS
	FR1 

	BS class
	Medium 
Range BS
	Local Area BS

	BS TX Power  = ① dBm
	38
	24

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

	
	
	Frequency isolation 
techniques used
	 DPD
	DPD

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	 80
	70

	
	
	Spatial isolation 
techniques used
	 spatial separation between TX/RX panel
	spatial separation between TX panel to single RX

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

	
	DL EIRP impact due to beam nulling in TX sub-band
	Limited
	N/A

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-98
	-97

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

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

	
	
	RF IC techniques and other tech.
(before LNA)
	N/A
	N/A

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

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	 -47
	-46

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	 digital filtering

	digital filtering

	
	
	Frequency isolation techniques 
	 digital filtering
 
	digital filtering

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-5
	-5

	
	
	
	Rx IM3 contribution (dBm)
	-131
	-128

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

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

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

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

	
	Digital IC  = ⑦ dBc
	 10
	N/A

	Overall RSIC capability  (Note 1)
	146
	121

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

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

	Required RSIC budget (①-⑪dBc)
	134
	117

	SBFD configuration
	[40, 20, 40]
	[40, 20, 40]

	Guardband assumption (if exist)
	Existing SU
	Existing SU

	bandwidth over which suppression is achieved
	
	

	Others
	
	


3 Conclusion
In this contribution, we provide some consideration on RSIC analysis. 
Proposal 1: It is proposed that the scalling factor should be used in the budget calculation for the asymmetrical SBFD DL/UL configurations.
Observation 1: Analogue sub-band filter after LNA can provide the needed suppression for the receiver parts after the filter, and the impacts to RX sensitivity due to insertion loss is negligible.
Proposal 2: if analogue sub-band filter is adopted in the solution, the blocking performance can be improved at least 10 dB. The following values of A and B can apply to the agreed noise figure model.
Our analysis and evaluation is sumarized in Table 2.3-1 for FR1 MR BS and LA BS.
4 [bookmark: _GoBack]Reference
[1] R4-2220244, “WF for the feasibility from BS aspect”, Samsung
[2] R4-2216239, “Evolution of receiver blocking and AGC”, Huawei, HiSilicon
[3] R4-2303755, Topic summary for [106][310] FS_NR_duplex_evo_Part1, Moderator (Samsung)
[4] R4-2302883, “WF for Self-interference analysis from BS aspect for SBFD operation”
[5] R4-2301426, “Discussion on the feasibility from BS aspect”, Huawei, HiSilicon

3GPP
image2.emf
Noise 

figure [dB]

Average total input power [dBm]

C

D

A B


Microsoft_Visio_Drawing11111111.vsdx
Noise figure [dB]
Average total input power [dBm]
C
D
A
B



image1.png
R TR TITS oo




