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[bookmark: _Toc116995841]Introduction
In RAN4 #108 a TP to TR 38.858 was endorsed in [1] containing the input of the different companies on the feasibility of FR1 BS aspects. In this document we provide further input from Nokia to TR 38.858, covering the feasibility of FR1  medium range BS .

TP to TR 38.858

[bookmark: _Toc134691811]<Start of TP>
9.3	Feasibility of FR1 medium range BS aspects
9.3.1	Self-interference analysis
Editor's note: This section captures the typical assumption based on which the RSIC capability is derived and analysis results.
[bookmark: _Toc139044980][bookmark: _Toc60776737]9.3.1.1	Summary table for self-interference analysis
Table 9.3.1.1-1 summarizes the analysis from different companies on the FR1 MR base station. This section is based on the self-interference analysis framework.
Table 9.3.1.1-1: Summary of FR1 medium range BS self-interference analysis 
	FR1
	Nokia
	Ericsson 
	ZTE

	BS class
	Medium
Range BS
	Medium Range (3GPP minimum requirements)
	Medium range (Realistic)
	Medium Range (Optimistic RX)
	Medium Range (Realistic, lower power)
	MR

	BS TX Power  = ① dBm
	36 dBm
	38 dBm
	38 dBm
	38 dBm
	35 dBm
	30

	Component 
capability and parameters
	Frequency isolation at TX
	Frequency isolation capability  = ② dBc
	45 dBc
	45 dBc
	45 dBc
	45 dBc
	45 dBc
	51

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

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	60 dBc (if omnidirectional antennas are used, this would be less)
	65-70 dBc
	 65-70 dBc
	 65-70 dBc
	65-70 dBc
	60

	
	
	Spatial isolation 
techniques used
	Spatial separation between TX/RX panels; EM shielding structures between TX/RX panels
	A combination of spatial isolation, chokes, absorption, mushroom EBG.
70dB is indicative average; isolation varies from around 55dB to more than 80dB
	TX/RX panel separation

	
	TX Beam nulling /isolation in TX sub-band
= ④ dBc
	0-5 dBc
	10 dBc
Note that the TX beam nulling reduces the variation due to beam direction, and hence spatial isolation + TX nulling can be assumed to be 80dB for most directions.
	0

	
	DL EIRP impact due to beam nulling in TX sub-band
	1 dB maximum
	Up to 5dB EIRP loss, depending on beam direction
	N/A

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-75 dBm/20 MHz
	-87 dBm
	-87 dBm
	- 87 dBm
	-90 dBm
	-101

	
	RF IC and other tech. (before LNA)
	RF IC capability and other tech. in TX sub-band  = ⑤ dBc
	0 dBc
	0 dBc
	0 dBc
	0 dBc
	0 dBc
	20

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

	
	
	RF IC techniques and other tech.
(before LNA)
	None apply due to feasibility concerns (depends on the number of TRX)
	None; see section 9.3.1.2.2 for analysis.
	Subband filtering

	
	
	Impacts to RX sensitivity (due to e.g. insertion losses) due to RF IC or other techniques before LNA
	N/A dBc
	>=5dBc if e.g. filtering or analogue IC would be applied.
	

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	-24 dBm to -29 dBm depending on TX beam
	-42 dBm
	 -42 dBm
	 -42 dBm
	-45 dBm
	-50

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	0 dBc
	0 dBc
	60

	
	
	Frequency isolation techniques 
	None apply due to feasibility concerns
	Digital IC of TX. The impact of scattering / reflection in the environment has not been considered.
Digital baseband combining may improve self-interference suppression, 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. 

	Digital Filtering

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-10 dBm at maximum sensitivity;
+10 dBm at maximum linearity (at NF penalty)
	-27.6 dBm
	-17.6 dBm
	-13 dBm
	-17.6 dBm
	-5

	
	
	
	Rx IM3 contribution (dBm)
	Negligible
	-70.8 dBm
	-90.8 dBm
	-100 dBm
	-100 dBm
	-140

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	Negligible
	No significant issues for medium range BS power level other than mentioned above
	Marginal

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2)
	-745 to -70 79 dBm/20MHz (at 41 50 dBc ACS)
	-70.8 dBm
	-90.8 dBm
	-100 dBm
	-100 dBm
	-110

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	0 dBc
	0-10 dBc
RX beam nulling is in effect part of the digital baseband combining. See “frequency isolation techniques”

	0

	
	RX sensitivity degradation caused by RX beam nulling
	0 dBc; should not assume further UL beamforming loss to maintain any UL gains
	
	N/A

	
	Digital IC  = ⑦ dBc
	0 – 5 5-10 dBc   (Improved linearization could provide here additional 5dB. Digital IC depends on the implementation)
	10-15 dBc (Transmitter)
 
 
	20

	Overall RSIC capability  (Note 1)
	103 110 dBc to 108 120 dBc
	109 dBc
	128-138 dBc
	  135 dBc
	  134 dBc
	130.5

	Noise floor ⑩dBm
	-92 dBm/CBW (20 MHz)
	-90 dBm/CBW
	-90 dBm/CBW
	-90 dBm/CBW
	-90 dBm/CBW
	-91.0

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	-98 dBm
	-96 dBm
	-96 dBm
	-96 dBm
	-96 dBm
	-97.0

	Required RSIC budget (①-⑪dBc)
	134 dBc
	134 dBc
	134 dBc
	134 dBc
	131 dBc
	127.0

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

	Guardband assumption (if exist)
	5 RB (1.8 MHz)
	5 PRB
	

	bandwidth over which suppression is achieved
	
	<300MHz
	

	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.
	



9.3.1.2	Feasibility study on self-interference
Editor’s note: This section captures the feasibility study on self-interference based on individual companies’ analysis.
[bookmark: _Toc139045006][bookmark: _Toc60776763]9.3.1.2.1	Nokia, Nokia Shanghai Bell
Table 9.3.1.1-1 presents the company’s view on the self-interference mitigation analysis for a medium range base station with 36 dBm total output power. The RSIC capability corresponds to 110 to 120 dBc which is achieved using a combination of spatial isolation (60 dBc), Tx beam nulling (0-5 dB, only applicable in the Tx subband), 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 magnitude of approximately -74 dBm prior to digital IC and up to -84 dBm after digital IC, while the noise floor is -91.0 dBm. This results in a non-negligible desensitization of the receiver which would degrade more or less the system performance depending on the deployment ISD, UL link budget, etc. 
The assumptions and corresponding justification are presented below with focus on the main differences with respect to the wide-area analysis in Section 9.2.1.2.6.
Spatial isolation
The same techniques to achieve spatial isolation in FR1 wide-area base stations can be applied to medium-range base stations as well. Nevertheless, the following differences should be noted:
· Medium range BS have typically smaller form-factor than the wide-area BS, e.g. down to 30x30x10 cm. The absolute physical separation between Tx and Rx panels needs to be smaller than for wide-area BS to keep the relative increase of the BS enclosure to a reasonable level. 
· Medium range base stations may have a lower number of TRXs as compared to wide-area base stations. This could result in higher coupling per Rx chain.
Considering these two aspects, 60 dBc of spatial isolation is considered. 
TX Beam nulling / isolation in TX sub-band
With only a relatively low number of TRXs, the potential of Tx beam nulling techniques is reduced. Only 0-5 dBc is considered, under the assumption of at most 1 dB of EIRP loss.
RF IC and other tech. (before LNA)
If the number of TRX is significantly lowered compared to mMIMO, there is a possibility for RF IC to be feasible. However, this all depends on the implementation.  With a low number of TRXs, the spatial isolation to a single RX port would likely be lower than for an implementation with a large number of TRXs – possibility necessitating RF cancellation paths to compensate. The overall SIC capability would be similar in both cases.
Frequency isolation at RX
This all depends on the implementation. 

Digital IC
If the number of TRX is significantly lowered compared to mMIMO, there is a possibility for digital IC to be feasible. However, this all depends on the implementation. 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.
<Unchanged sections are omitted>

9.3.2.2	Feasibility study on co-channel inter-subband co-site inter-sector interference  analysis
9.3.2.2.1	Nokia, Nokia Shanghai Bell
Medium range base stations are commonly deployed with omnidirectional antennas, but some deployments use directional antennas also with the target to boost coverage or capacity. In case of 3-sector site deployment with directional antennas, the techniques described in Section 9.2.2.2.X 4 apply here as well, although it is important to note that it may be more difficult to add large horizontal separation between sectors if the site footprint is small.
<End of TP>
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