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1 Introduction
In last meeting, a big TP in [1] was approved for TR 38.858 to capture all agreed TPs.
In this contribution, we provide text proposal for clause 9.5 for FR2 BS based on the following inputs:
· R4-2319679	TP to TR 38.858:  Feasibility of FR2 wide area BS
· R4-2320053	TP to TR 38.858: Feasibility of FR2 BS aspects
2 Text Proposal
[bookmark: OLE_LINK7][bookmark: OLE_LINK6]<<Start of Change for TR 38.858>>
9.5.1.1	Summary table for self-interference analysis
The self-interference analysis from companies’ inputs for FR2-1 SBFD-capable gNB are summarized in Table 9.5.1.1-1. Both self-interference leakage in gNB RX sub-band due to non-ideal TX and Self-Interference signal in gNB RX sub-band caused by non-ideal RX selectivity are studied in the analysis framework. The self-interference cancellation techniques including spatial isolation, frequency isolation, beam nulling and digital are considered. 
Table 9.5.1.1-1: self-interference analysis
	FR2-1
	Samsung
	Huawei
	Qualcomm
	Ericsson
	Nokia

	BS class
	FR2-1 BS
	FR2-1 BS
	FR2-1 BS
	FR2-1 BS
	FR2-1 BS (preliminary)

	BS TX Power  = ① dBm
	30 dBm
	35 dBm
	30 dBm
	40 dBm
	35 dBm
	30 dBm
	37 dBm

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

	
	
	Frequency isolation 
techniques used
	Without DPD
	DPD
	DPD
	Digital Filtering, CFR
	Without DPD

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	87 dBc
	85-95 dBc
	85-95 dBc
	80 dBc
	 80 dBc
	 80 dBc
	80 dBc

	
	
	Spatial isolation 
techniques used
	TX/RX panel separation and RF barrier structure
	Spatial separation between TX/RX panel, with absorbing material and choke structure.
	Two separate panels with added electro-magnetic spatial duplexer for additional cancellation
	A combination of spatial isolation, chokes, absorption, mushroom EBG.
	Separate TX and RX panels with absorptive RF barriers, physical walls and chokes

	
	TX Beam nulling /isolation in TX sub-band
= ④ dBc
	10 dB
	10 dBc
	5-10 dBc
	10 dBc
	10 dBc
	10 dBc
	10 dBc

	
	DL EIRP impact due to beam nulling in TX sub-band
	Limited, ~0dB
	Less than 0.5 dB loss
	
	Up to 5dB EIRP loss, depending on beam direction
	
	
	< 0.5 dB

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-95 dBm
Note: provided by 
①-②-③-⑨ dBm
	-94~-104 dBm
	-88 dBm

	-78 dBm
	-83 dBm
	-88 dBm
	-87 dBm 
Note: provided by 
①-②-③-④-10*log10(160/40) dBm

	
	RF IC and other tech. (before LNA)
	RF IC capability and other tech. in TX sub-band  = ⑤ dBc
	0 dBc
	 N/A
	
	0 dBc
	0 dBc
	0 dBc
	Not applicable

	
	
	RF IC capability and other tech. in RX sub-band  = ⑧ dBc
	0 dBc
	 N/A
	
	0 dBc
	0 dBc
	0 dBc
	Not applicable

	
	
	RF IC techniques and other tech.
(before LNA)
	Not applicable
	 N/A
	
	
	
	
	Not applicable

	
	
	Impacts to RX sensitivity (due to e.g. insertion losses) due to RF IC or other techniques before LNA
	No impact
	 N/A
	
	0 dBc
	0 dBc
	0 dBc
	Not applicable

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	-67 dBm
Note: provided by 
①-③-④-⑤dBm
	 -60 ~ -70
	
	-50 dBm
	 -55 dBm
	 -60 dBm
	-53 dBm

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	24 dBc
	N/A
	15 dBc
	
	
	
	Not applicable

	
	
	Frequency isolation techniques 
	Filtering
	-
	Filtering (does not protect most of the receiver. Right in front of the ADC, by the time blocker is there, damage already has been done).
	
	
	
	Not Applicable

Filtering would not prevent in-band blocking in any case

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	IM3 contribution is
Neglectable
	negligible
	Similar conclusion as FR1 (i.e., IIP3 and IM3 are not dominant).
	-35 dBm
	-35 dBm
	-35 dBm
	-35 dBm

	
	
	
	Rx IM3 contribution (dBm)
	
	negligible
	
	-80 dBm
	-95  dBm
	-110 dBm
	Negligible

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	N/A
	negligible
	Noise figure can be modeled as a function of total input power (signal + jammer) with a piecewise linear model.
	Reciprocal phase noise mixing will add noise at around -95dBm.
	Reciprocal phase noise mixing will add noise at around -100dBm 
	Reciprocal phase noise mixing will add noise at around -105dBm
	

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2)
	-91 dBm
Note: provided by 
①-③-④-⑤-⑥dBm
	negligible
	
	-80 dBm
	-94 dBm
	-104 dBm
	-77 dBm

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	10 dBc
	10
	5-10 dBc
	TBC dBc

	
	
	TBC

	
	RX sensitivity degradation caused by RX beam nulling
	Limited, ~0dB
	Less than 0.5 dB loss
	
	
	
	
	-

	
	Digital IC  = ⑦ dBc
	10 dBc
	 -
	10 dB
	10 dBc
	 10 dBc
	10 dBc
	-5dBc

	Overall RSIC capability  (Note 1)
	129.5 dBc
	129 ~ 139
	128 dB
	119 dBc
	125,5dBc
	127 dBc
	1149 dBc

	Noise floor ⑩dBm
	-83 dBm/100MHz
	-88 dBm/40 MHz
	-88 dBm/40 MHz
	-87 dBm/CBW
	-87 dBm/CBW
	-87 dBm/CBW
	-87 dBm/40 MHz

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	-89 dBm
	-94 dBm
	-94 dBm
	-93 dBm
	-93 dBm
	-93 dBm
	-93 dBm

	Required RSIC budget (①-⑪dBc)
	119 dBc
	129
	124 dBc
	133 dBc
	128 dBc
	123 dBc
	130 dBc

	SBFD configuration
	DU (100MHz-100MHz)
	DUD [80,40,80]
	DUD
	75-50-75
	
	
	DUD [80,40,80]

	Guardband assumption (if exist)
	5PRB
	Existing SU
	5 PRBs
	3 RB
	
	
	

	bandwidth over which suppression is achieved
	100MHz
	Several GHz
	200MHz
	Several GHz
	
	
	



<<Next Change>>
9.5.1.2.2	Huawei
As shown in the 9.5.1.1, it can be found that the blocking level to RX pannel is weak and should be even lower at each LNA input. And the power at the Hence the IM3 is not a limited factors. Due to the same reason that the blocking level is relatively weak, the other RX impacts due to blocker in Tx sub-band can also be negligible. Hence, we think that the evaluation on Self-Interference leakage in gNB RX subband would be sufficient for FR2-1.
<<Next Change>>
9.5.1.2.5	Nokia
Nokia’s views on the self-interference analysis for FR2-1 base stations are presented in Table 9.5.1.1-1. Our analysis shows that considering an BS TX power equal to 37 dBm, it is not possible to achieve the required residual self-interference. In our analysis, the required RSIC budget is 130 dBc, while the overall RSIC capability is 119 dB, which would result in a residual self-interference that would cause more than 1 dB desensitization of the receiver. Below, we discuss the key aspects considered in this analysis.
Spatial isolation and Tx Beam nulling
For the achievable spatial isolation, we find that 80 dB may be a reasonable assumption considering the increased isolation from using higher frequencies and narrow Tx and Rx analog beams. Similar as discussed in our FR1 analysis in clause 9.2.1.2.6, separate Tx and Rx panels with EM shielding structures between the arrays are assumed, which in turn leads to an increase in antenna size and weight if baseline system performance needs to be maintained.
In FR2-1, TX beam nulling can be used to reduce self-interference, at least in the TX subband. It can be used with digital and analog beamforming. Our simulations show that in the latter case, beam nulling works well as illustrated in Figure 9.5.1.2.5-1 where at most 10 dB of additional isolation is obtained over a relatively large frequency range (500 MHz). However, in case multiple Tx panels are used for MU-MIMO or higher-rank transmissions, the gains of beam nulling are reduced since analog beamforming does not allow the use of beam nulling to suppress interference from more than one TX panel.

Figure 9.5.1.2.5-1: Empirical CDF of isolation between each Tx beam towards worst-affected Rx port. Tx beams are generated within ±45° azimuth and elevation angles.

We assume 0 dB for RX beam nulling; as the SBFD feature is about enhancing uplink performance, we do not think the UL beamforming can be compromised further than the loss of channel reciprocity (due to separate TX and RX arrays) brings.

Digital IC
We consider ~5dBc possibility for digital IC with maximum ratio combining of RX. Self-interference cancellation might be achieved since the direction of wanted signal and interference signal are not the same. 
<<Next Change>>

9.5.1.3	Conclusion
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK9]Editor's note: This section captures the conclusion for feasibility study on self-interference based on RAN4 agreement. 

Based on the provided studies in clause 9.5.1.1, it can be concluded that it is feasible to meet the 1 dB desensitization target considering self-interference supressionsuppression for FR2-1 BS with TX output power levels up to around 33dBm.
<<Next Change>>
[bookmark: _Toc134691823]9.5.3	Co-channel inter-sub-band inter-site interference analysis
Editor's note: This section captures the typical assumption of RF requirements and the 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.
<<Next Change>>
9.5.4	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility.
Based on RAN4 feasibility study on FR2-1 wide area BS, specifically the analysis on self-interference, co-site inter-sector co-channel inter-subband interference and inter-site inter-subband interference, RAN4 concluded that:
· [bookmark: _GoBack]For self-interference analysis, the implementation feasibility of controlling the residual interference to meet the 1dB receiver desensitization target depends on the implementation aspects mentioned in clause 9.5.1. Based on the companies’ technical inputs, it can be concluded that it is feasible to meet the 1 dB desensitization target considering self-interference suppression for FR2-1 BS with TX output power levels up to around 33dBm.
· For co-site inter-sector co-channel inter-subband interference, the implementation feasibility of controlling the co-site inter-sector co-channel inter-subband interference to meet the target (i.e., being less than certain level of receiver desensitization) depends on the implementation aspects mentioned in clause 9.5.2. Based on the different assumptions and/or technique adoption for the above-mentioned implementations aspects, and based on 3 companies’ technical inputs, two companies conclude that it is feasible to supress inter-sector interference to a level that it meets 1 dB desensitization target, whereas one company concludes that it is not feasible for a proportion of beam directions. The difference between the conclusions is mainly due to differences in assumption on whether it is possible to build isolation materials within sites and whether sufficient beam nulling is possible in all directions.
· 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.
<<End of Change for TR 38.858>>
3 Conclusion
In this contribution, we provide text proposal for FR2 BS.
4 Reference
[1] R4-2317010, “Draft TR 38.858”, CMCC
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