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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 on the feasibility of FR1 wide area BS.

TP to TR 38.858

[bookmark: _Toc134691807]<Start of TP>
9.2	Feasibility of FR1 wide area BS aspects
9.2.1	Self-interference analysis
Editor's note: This section captures the typical assumption based on which the RSIC capability is derived and analysis results
9.2.1.1	Summary table for self-interference analysis
Editor's note: This section captures the summary table which is based on self-interference analysis framework. 
[bookmark: _Hlk142641812]Based upon RAN4 agreements, the RSIC capability is broken down into four aspects: (1) spatial isolation; (2) frequency isolation; (3) beam nulling/isolation and (4) digital IC. Accordingly, based upon the inputs from companies, the ranges for values of (1)-(4) are summarized in reply LS [R4-2214376]; however, the detailed ranges are the supersets of results provided from source companies which require further feasibility analysis. Therefore, RAN4 further carried out the study based on a more detailed self-interference analysis framework [R4-2220244], which is used to capture inputs from companies. 



	FR1
	Samsung
	Samsung
	Ericsson
	Huawei
	Huawei
	Qualcomm
	CATT
	Nokia

	BS class
	Wide 
Area BS
(subband filter-1)
	Wide 
Area BS
(subband filter-2)
	Wide 
Area BS
	Wide Area BS example 1
	Wide Area BS example 2
	Wide Area BS
	Wide Area BS
	Wide Area BS

	BS TX Power  = ① dBm
	49 dBm
	49 dBm
	53 dBm
	47
	53
	49 dBm
	49
	54

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

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

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	80 dBc
	80 dBc
	70 dB
	80
	80
	80 dBc
	70
	65 dBc

	
	
	Spatial isolation
techniques used
	TX/RX panel separation and RF barrier structure
	TX/RX panel separation and RF barrier structure
	A combination of spatial isolation, chokes, absorption, mushroom EBG.

70dB is indicative average; isolation varies from around 55dB to more than 80dB depending on beam direction.
	Spatial separation between TX/RX panel with absorbing material and choke structure.
	Spatial separation between TX panel with absorbing material and choke structure.
	Two separate panels with added electro-magnetic spatial duplexer for additional cancellation
	TX/RX panel separation、
 isolation structures、isolation material、cross polarization
	Spatial separation between TX/RX panels; EM shielding structures between TX/RX panels
65dB is indicative average; isolation varies from around 53 dB to 73dB depending on beam direction.

	
	TX Beam nulling /isolation in TX sub-band
= ④ dBc
	10 dBc
	10 dBc
	10 dBc
TX beam nulling reduces the variation with beam direction, and hence spatial isolation + TX nulling can be around 80dB for most directions.
	10
	10
	15 dBc
	10
	5-120 dBc

	
	DL EIRP impact due to beam nulling in TX sub-band
	Limited, ~0dB
	Limited, ~0dB
	Up to 1-5dB EIRP loss, depending on beam direction
	Less than 0.5 dB loss
	Less than 0.5 dB loss
	
	
	0.81 dB maximum

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-86 dBm
Note: provided by 
①-②-③-⑨ dBm
	-86 dBm
Note: provided by 
①-②-③-⑨ dBm
	-72 dBm
	-94
	-88
	-91 dBm
(=①-②-③-④)
	-89.01
①-②- ③- ⑨-⑦-10*log10(40/20)
	-62 dBm/20 MHz

	
	RF IC and other tech. (before LNA)
	RF IC capability and other tech. in TX sub-band  = ⑤ dBc
	15 dBc
	11.8 dBc
	0 dBc
	N/A
	10
	
	0
	0 dBc

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

	
	
	RF IC techniques and other tech.
(before LNA)
	subband filtering
(20MHz passband, 2* 5PRB transition band used for roll-off between passband/stopband)
	subband filtering
(24.8MHz passband, 2*3.8MHz transition band used for roll-off between passband/stopband)
	None; see section 9.2.1.2.2 for analysis.
	N/A
	Analog filter is put after LNA
	
	
	None apply due to feasibility concerns

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

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	-56 dBm
Note: provided by 
①-③-④-⑤dBm
	-52.8 dBm
Note: provided by 
①-③-④-⑤dBm
	-27 dBm
	-43
	-37
	
	-31
Rx is blocked
①-③-④-⑤
	-213 dBm with some variations to -16 dBm depending on TX beam

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	40 dBc
	40 dBc
	0 dBc
	digital filter: 60-80 dB
	sub-band analog filter: 10 dB
digital filter: 60-80 dB
	15 dBc
	65
	0 dBc

	
	
	Frequency isolation techniques
	Filtering
	Filtering
	The receiver is in high non-linearity; no possibility for interference mitigation as part of the digital receive combining algorithms.
.
	digital filtering

	sub-band analog filter and digital 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).
	Digital filter for ACS
	None apply due to feasibility concerns

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	With subband filtering, RX non-linearity impact is neglectable
	With subband filtering, RX non-linearity impact is neglectable
	-32dBm (Minimum for RAN4 requirement)
-22dBm (Realistic for AAS)
-10dBm (optimistic for AAS)
	-10
	0
	Not a significant contributor on the gNB Rx capability.
	-10
	-10 dBm at maximum sensitivity;
+10 dBm at maximum linearity (at NF penalty)

	
	
	
	Rx IM3 contribution (dBm)
	
	
	Even without ADC overload:

-17 dBm (RAN4 minimum receiver)
-37 dBm (Realistic)
-61 dBm (Optimistic)
	-109
	-121
	
	-73
(①-③-④-⑤)-2*(IIP3-(①-③-④-⑤))
	Negligible (at NF penalty)

	
	
	Other RX
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	N/A
	N/A
	ADC overload can be mitigated with filtering prior to ADC except for direct conversion architectures.
	ADC noise: -109
reciprocal phase noise mixing:-112
	ADC noise: -113
reciprocal phase noise mixing:-116
	Noise figure can be modeled as a function of total input power (signal + jammer) with a piecewise linear model.
	-116
	Negligible

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2)
	-96 dBm
Note: provided by 
①-③-④-⑤-⑥dBm
	-92.8 dBm
Note: provided by 
①-③-④-⑤-⑥dBm
	Receiver in high non-linearity
	-105
	-111
	
	-96
①-③-④-⑤-⑥
	-7367 to -62 dBm/20MHz (at 46 50 dBc ACS)

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	10 dBc
	10 dBc
	RX processing does not mitigate analogue non-linearity
	10
	10
	
	10
	0 dBc

	
	RX sensitivity degradation caused by RX beam nulling
	Limited, ~0dB
	Limited, ~0dB
	Receiver saturated
	Less than 0.5 dB loss
	Less than 0.5 dB loss
	
	
	0 dBc; should not assume further UL beamforming loss to maintain any UL gains

	
	Digital IC  = ⑦ dBc
	20 dBc
	20 dBc
	Digital IC not possible due to receiver non-linearity and would anyhow be highly complex due to large number of TX/RX for wide area.
	15
	15
	15 dB
	10
	0 dBc

	Overall RSIC capability  (Note 1)
	154.6 dBc
	154.2 dBc
	Transmitter: 125 dB
Receiver: N/A due to receiver saturation
	-150.6
	-155.3
	155 dB
(②+③+④+⑦)
	121.86
	113 122 dBc  to 118 dBc

	Noise floor ⑩dBm
	-96dBm/20MHz
	-96dBm/20MHz
	-96 dBm/CBW
	-96 dBm/20 MHz
	-96 dBm/20 MHz
	-96 dBm/20 MHz @ 5dB noise figure
	-95.99
	-96 dBm/CBW (20 MHz)

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	-102 dBm
	-102 dBm
	-102 dBm
	-102 dBm
	-102 dBm
	-102 dBm
	-101.99
	-102 dBm

	Required RSIC budget (①-⑪dBc)
	151 dBc
	151 dBc
	155 dBc
	149
	155
	151 dBc
	150.99
	156 dBc

	SBFD configuration
	DUD(40-20-40MHz)
	DUD(40-20-40MHz)
	40-20-40 MHz
	DUD [40, 20, 40]
	DUD [40, 20, 40]
	DUD
	40-20-40
	DUD (40/20/40 MHz)

	Guardband assumption (if exist)
	5 PRB
	5 PRB
	5 PRB.
	Existing SU
	Existing SU
	5 PRBs
	
	5 RB (1.8 MHz)

	bandwidth over which suppression is achieved
	100MHz
	100MHz
	>300 MHz
	Several hundred MHz
	Several hundred MHz
	100MHz
	
	

	Others
	
	
	
	
	
	
	
	




<Unchanged sections omitted>
9.2.1.2.6	Nokia, Nokia Shanghai Bell
The Nokia input in the summary table presents the company’s view on the self-interference mitigation analysis for a wide area base station with 54 dBm total output power. The RSIC capability corresponds to 110 dBc for the Rx subband and between 115 dBc to 121220 dBc for TX sub-band which are achieved using a combination of spatial isolation (65 dBc), frequency separation (45 dBc), and Tx beam nulling (5-1012 dBc, only applicable to the Tx subband isolation). Under such considerations, the self-interference observed in the UL subband is -62 dBm/20 MHz which is more than 60 dB above the noise floor. Such level of interference would result in high desensitization of the receiver which makes it unpractical for wide-area deployments where coverage is one of the main KPIs. A detailed description of the assumed techniques and other assumptions is provided in the summary table. 

BS TX Power
To study the feasibility for wide area base stations, including powerful mMIMO base stations, an output power of 55 dBm (as e.g. in the case of 64 TX paths with 5 W each) is assumed. Considering 80%/20% DL/UL frequency resource split in an SBFD configuration, this amounts to 54 dBm.
If lower power is assumed for wide area base stations, correspondingly the deployment scenario would require a denser ISD.
Frequency isolation at TX
We think 45 dB frequency isolation is feasible. This is in line with the 45 dB ACLR requirement that is typical for base stations, albeit for D-U-D sub-band configuration, slightly more difficult to achieve.
The techniques to achieve sufficient frequency isolation may include:
· Transmitter digital filtering or windowing to clean the UL sub-band. This is required to clean the IFFT output of the linear leakage of the signal, otherwise the sinc spectrum of the IFFT will dominate the emissions on the UL sub-band. Requires new filter design with potentially tighter suppression requirements compared to the channel filter, due to the desire to minimize guard bands between DL and UL sub-bands.
· Tighter filter suppression requirements may mean longer filter impulse response and lead to signal EVM degradation.
· Transmitter digital pre-distortion to linearize the transmit chain and suppress PA distortion components. Achieving the same performance for sub-band leakage ratio as for ACLR will be more challenging, as the UL sub-band is closer to the DL sub-band(s) than the adjacent channel. The ACLR is averaged over the same bandwidth as the DL channel, with emissions likely decaying somewhat with offset. For inter-sub-band leakage, the offset is generally small, indicating tighter DPD requirements for the same absolute level of emissions. Moreover, the DUD frequency configuration will be challenging due to spectral regrowth from both sides of the UL sub-band, compared to DU configuration or the ACLR case.
· Higher DPD complexity translates to higher energy consumption.
· Higher energy consumption leads to increased heating, worse PA performance and thermal management issues. This may require larger and heavier cooling solutions.
Spatial isolation
For the achievable spatial isolation for separate TX and RX antenna arrays, we find that 65 dB may be a reasonable assumption for a well-designed antenna in an average case, if assuming EM shielding structures between the arrays.
The techniques to achieve sufficient spatial isolation may include:
· Separate TX and RX antennas or antenna arrays. Increased separation from TX to RX will improve isolation.
· To maintain the same or similar physical size of the antenna, the number of elements per array need to be halved. This reduces the achievable array gain by at least 3 dB in both link directions and has been demonstrated by simulations to degrade the system performance.
· To maintain baseline system performance, the number of antenna elements per array must be maintained, leading to an increased antenna size by at least 2x. This in turn means higher weight and wind load, increased complexity, increased trace losses which may need to be compensated, and in general higher cost.
· Separate TX and RX antenna arrays requires separate PWBs for the TX and RX, leading to a higher cost.
· Separate TX and RX antenna arrays leads to loss of reciprocity in the DL and UL channels and makes reliable channel state measurements more difficult and complicated. The extent of this loss has not been studied.
· EM shielding techniques such as wave traps or chokes between the TX and RX arrays.

TX Beam nulling /isolation in TX sub-band
The beamforming coefficients of the transmit beamforming may be modified so, that the energy coupled to the receive antenna elements is minimized. We have conducted EM simulations that measure the measured TX-RX beam nulling isolation based on the most exposed RX antenna element/subarray, where this element/subarray is determined separately, with and without beam nulling. Those findings are found in contribution [R4-2300690]. We observe that the level of self-interference depends on the beam direction. We have measured a minimum of 8 dB of beam nulling gain for all the Tx beams and up to 14 dB of gain for the beam with lowest isolation to the receive antenna elements as illustrated in Figure 9.2.1.2.6-1. The observed DL EIRP impact was between 0dB - 0.8 dB depending on beam direction, although 90% of the transmit beams experienced a DL EIRP loss below 0.3 dB. The isolation can be measured, for example, as an average over all beams or for the worst affected beam, where we think the latter is more appropriate for the RSIC analysis. We obtained 13.8 dB of isolation for the worst affected beam and less than 5.8 dB for 50% of beams. Note also that:
· The modification of TX beamforming coefficients reduces the transmitted EIRP toward the intended UE, leading to further reduced DL performance unless compensated by increased conducted power.
· Based on simulations, some TX beams may be affected more than others, leading to potential scheduler restrictions in which UEs may be scheduled during the SBFD time slots.
· The transmit beam nulling is most effective on the DL sub-band, for which the transmit signal is known and can be beamformed. It is not assumed that transmit beam nulling is effective on the UL sub-band, which contains only unwanted emission components at from the transmitter side.
[image: ]
Figure 9.2.1.2.6-1:  Empirical CDF of isolation between each Tx beam towards worst-affected Rx port. Tx beams are generated within ±45° azimuth and elevation angles.

RF IC and other tech. (before LNA)
The following techniques have been evaluated, but have significant challenges in FR1 wide area base station implementations:
· Analog cancellation in the RF domain. This method may be used to subtract the unwanted coupled TX signal components from the RX signal path, before the LNA. With proper phase shift and amplitude scaling, the TX component may be canceledcancelled.
· There has been a proposal of an AFIR type of canceler solution in which the canceler unit is made of M+N individual cancelers, where M is the number of TXs and N the number of RXs. The canceler unit is connected to TX and RX antenna panels. If M=N=64 there will be 64 RF connections from TX panel to the canceler unit and 64 RF connections from canceler unit to RX panel. That might be doable in a common mechanics but in the case that all three units are separate, it is not feasible anymore. Since the distance of the TX and RX antenna panels need to be quite high (due to needed spatial isolation) and receiver and transmitter chains need to be located close to antenna filters (to avoid excessive insertion losses that cannot be compensated), separate TX and RX PWBs are needed. 
· Valid mathematics have been presented that M+N cancelers are sufficient for RF IC but that it is true only when one set of beamforming coefficients are valid at a time e.g. in the mmW arrays. For MU MIMO there is a need for (M+N)xUxL cancelers where M and N are as above and U is the number or users and L is the average number of layers per use. For a typical 5G case that would be starting from 5120 cancelers. On top of that, all of them have to be updated every time when the beamforming coefficients are updated. That leads to an intolerable complexity and processing burden when solving mathematics for each of those individually. 

Frequency isolation at RX


Sub-band filtering techniques before or after the LNA may improve frequency isolation, but have significant challenges in FR1 wide area base station implementations and therefore are not assumed to be feasible:
· High insertion loss before the LNA will increase the receiver noise figure and negate any system gains of SBFD. 
· If a sub-band filter would be used between the two LNAs, i.e. as an inter-stage filter: 
· Very high linearity is required from the first stage LNA, which will lead to increased cost, power consumption and thermal management issues.
· Inter-stage filter does not help to protect the first LNA from direct ACLR from the aggressor. If the first stage LNA is saturated, the receiver would not work.
· High insertion loss placed after the LNA does not reduce LNA linearity requirements. Improved linearity LNAs are needed that add to cost and power consumption, which leads to thermal management issues. Other challenges include: 
· Significant insertion loss → NF increase that can hardly be accommodated in the 1 dB desensitization budget. 
· Considerable transition band and temperature dependency of the passband position → larger guard band between the sub-bands needed and less BW is usable for UL 
· Group delay distortion close to the cut-off frequencies  
· Incompatibility with a typical multi-carrier gNB design 
· Increased complexity as switches are needed for by-pass in UL slots for full BW 
· Additional space needed in RX chain that is not available in typical gNB design 
· Overall additional power consumption which leads to thermal management issues 
· Frequency drift over temperature that will impact filter insertion loss and rejection performance, hence impacts the RX lineup performance 
· The new sub-band specific filters would be operator’s spectrum specific and locking the spectrum configuration for any further changes or tuning. The existing bandpass filters for the operating band would anyway be required, suggesting that the new filters would double the filter size for the UL antenna panel. This all means higher cost and complexity. 
[bookmark: _Hlk146013636]Besides, some preliminary analyses with simulations of filters with Q-values of 1500 and even up to 5000 have been presented by companies. In one of the analyses, it has been shown that the guard bands would become very wide or excessive losses would be obtained otherwise. Also, it is important to note that these simulations have not taken the manufacturing tolerances into consideration nor the temperature drift, which have an effect of paramount importance when implementing a working filtering solution. Last but not least, these filtering solutions would be too large to be suited for mMIMO BS, and they add large amount of cost to the BOM of a BS. 


RX Beam nulling / isolation in RX sub-band
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.
RX beamforming operates in the digital domain in a mMIMO system. The digital signal streams of the relevant receivers are combined using suitable amplitude and phase coefficients. Hence RX beam nulling will not relax the receiver dynamic range and linearity requirements.
Digital IC
The following techniques have been evaluated, but have significant challenges in FR1 wide area base station implementations:
· Digital cancellation. With knowledge of the TX signal, a properly scaled and phase shifted TX component may be subtracted from the RX signal to improve cancellation performance.
· The TX signal may be available from observation receiver that is used in the DPD processing. For a mMIMO implementation, the DPD system may utilize only a few observation receivers, that sample the TX chains sequentially. It may be necessary to multiply the number of observation receivers to be able to sample each TX chain, leading to increased cost and energy consumption.
· Each RX chain contains signals that are coupled from every TX chain. This means that the cancellation signal for each RX chain must be formed of every TX chains. The complexity can easily become extreme in a mMIMO implementation, with 32 or 64 TRXs. The complexity of the cancellation results in high energy consumption.
· The cancellation may work with different performance for the DL signal fundamental components (i.e. the DL PRBs) than for the unwanted emission components (i.e. leakage on UL sub-band). The DL signal may be easier to cancel than the unwanted emissions. For the unwanted emissions, it is more efficient to cancel them at the TX DPD.
· <Unchanged sections are omitted>
9.2.2	Co-channel inter-sub-band co-site inter-sector interference analysis
Editor's note: This section captures the typical assumption of RF requirements and analysis results.

[bookmark: _Hlk142656725]9.2.2.1	Summary table for co-channel inter-sub-band co-site inter-sector interference analysis
Editor's note: This section captures the summary table which is based on co-channel inter-sub-band co-site inter-sector interference analysis framework. 
RAN4 has carried out the study based on an analysis framework as provided in the following table to capture co-site inter-sector co-channel interference impact [R4-2305917], which is used to capture inputs from companies.





Table 9.2.2.1-1: FR1 WA BS Co-site Inter-sector Co-channel Interference Analysis Summary
	FR1
	Samsung
	Samsung
	Ericsson
	Huawei
	Nokia
	

	BS class
	Wide 
Area BS
(subband filter-1)
	Wide 
Area BS
(subband filter-2 and EM conjugated structure)
	Wide 
Area BS
	Wide 
Area BS
	Wide  
Area BS 
	

	BS TX Power  = ① dBm
	49 dBm
	49 dBm
	53 dBm
	53 dBm
	54 dBm 
	

	Number of co-site co-channel sectors considered
	1
	1
	2
	2
	2 (plus 1 sector for self-interference) 
	

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

	
	
	Frequency isolation 
techniques used
	DPD utilized
	DPD utilized
	DPD, CFR
	DPD
	DPD, digital filtering 
Note: List all relevant techniques used in TX 
	

	
	Spatial isolation
	Co-channel Co-site Inter-sector 
Spatial isolation capability 
 = ③ dBc
	75 dBc
	100 dBc
	75-90 dBc  (Varies depending on scheduled beam directions)
	85 dBc
	60-80 dBc 
	

	
	
	Co-channel Co-site Inter-sector 
Spatial isolation 
techniques used
	Based on 75dB for typical spatial isolation 
	Based on 75dB for typical spatial isolation  and additional 25dB by installing EM conjugated structure between sectors
	Typical site layout with around 400mm between sectors
	Spatial separation between TX panel with absorbing material and choke structure.
	Spatial separation between TX/RX panel; cross polarization  
Note: List all relevant techniques used in the evaluation 
	

	
	TX Beam nulling /isolation of inter-sector interference in TX sub-band
= ④ dBc
	10 dBc
	10 dBc
	0 dBc
	10 dB
	0 dBc 
	

	
	DL EIRP impact due to beam nulling in TX sub-band (considering all nulling for self- and inter-sector interference)
	Neglectable
	Neglectable
	0 dB
	Less than 0.5 dB loss
	n.a 
	

	
	Interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.  due to inter-sector interference (Note 1)
	-81dBm
	-106dBm
	-79 to -64 dBm (Varies depending on scheduled beam directions)
	-74 dBm
	-74…-54 dBm 
	

	
	Interference signal in gNB TX subband, measured at the input of LNA (Note 1) due to inter-sector interference
	-51dBm 
(-36dBm and further suppressed by 15dB subband filter)
	-72.8dBm
(-61dBm and further suppressed by 11.8dB subband filter)
	-34 to -19 dBm (Varies depending on scheduled beam directions)
	-39 dBm
	-23…-3 dBm 
(receiver will be blocked) 
	

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	40 dBc
	40 dBc
	0 dBc
	sub-band analog filter: 10 dB
digital filter: 60-80 dB
	46 dBc 
	

	
	
	Frequency isolation techniques 
	Filtering
	Filtering
	None; see section 9.2.1.2.2 for analysis..
	sub-band analog filter put after LNA;
digitla filter
	Digital filtering, FFT frequency selectivity 
Note: List all relevant techniques used in RX 
	

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	With subband filtering, RX non-linearity impact is neglectable
	With subband filtering, RX non-linearity impact is neglectable
	-32dBm (Minimum for RAN4 requirement)
-22dBm (Realistic for AAS)
-10dBm (optimistic for AAS)
	0 dBm
	Included in the NF model 
	

	
	
	
	Rx IM3 contribution (dBm)
	
	
	-18 to +9 dBm (Minimum RAN4 receiver)
-38 to -12dBm (Realistic for AAS)
-62 to -35 dBm (optimistic for AAS)
(Varies depending on scheduled beam directions)
	-127
	Note: Receiver linearity may depend on both inter-sector interference and self-interference… each company can explain how they calculate IM3 
	

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	N/A
	N/A
	(IM3 due to inter-sector interference only, assuming the presence of both self- and inter-sector interference in the receiver)
	Negligible
	
	

	
	Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized due to co-site inter-sector co-channel interference only 
(Note 1, 2)
	-91dBm
	-112.8dBm
	-18 to +9 dBm (Minimum RAN4 receiver)
-38 to -12dBm (Realistic for AAS)
-62 to -35 dBm (optimistic for AAS)

(Varies depending on scheduled beam directions)
	Note: Each company to explain if/how they have separated CSSI and SI when considering IM3
	Inf dBm (receiver will be blocked above -25 dBm input level) 
Note: Each company to explain if/how they have separated CSSI and SI when considering IM3 
	

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

	
	RX sensitivity degradation caused by RX beam nulling
	Neglectable
	Neglectable
	Receiver saturated; RX processing not feasible
	Less than 0.5 dB loss
	n.a. 
	

	
	Digital processing interference supression capability
	20dB
	20dB
	No digital cancellation between sectors. RX Saturated
	12
	0 dB 
	

	Total interference in RX SB (dBm) (Note 2)
	-100.6 dBm
	-125.2 dBm
	-18 to +9 dBm (Minimum RAN4 receiver)
-38 to -12dBm (Realistic for AAS)
-62 to -35 dBm (optimistic for AAS)
(Additional interference due to inter-sector interference only)
(Varies depending on scheduled beam directions)
	-102 dBm/20 MHz
	Inf dBc 
	

	Noise floor ⑩dBm
	-96 dBm/CBW
	-96 dBm/CBW
	-96 dBm/CBW
	-96 dBm/CBW
	Inf dBm/CBW 
	

	Calculated Desensitization (dB)
	1.29 dB relative to normal RX REFSENS
(1.05 dB relative to normal RX REFSENS)
	Neglectable
	Receiver saturated (>> 30dB)
	1 dB
	Inf dB 
	

	SBFD configuration
	DUD(40-20-40MHz)
	DUD(40-20-40MHz)
	40-20-40 MHz
	DUD [40, 20, 40]
	DUD (40-20-40 MHz)
	

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

	bandwidth over which suppression is achieved
	20MHz
	20MHz
	>300 MHz
	Several hundred MHz
	
	

	Others
	subband filtering
(20MHz passband, 2* 5PRB transition band used for roll-off between passband/stopband)
	subband filtering
(24.8MHz passband, 2*3.8MHz transition band used for roll-off between passband/stopband)
	
	
	
	





<Unchanged sections are omitted>
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The co-site inter-sector interference analysis of values for FR1 Wide Area BS is provided in the summary table. 

Frequency isolation techniques
The spatial isolation mechanisms for co-site inter-sector case are in principle similar to the self-interference case. In addition, these aspects need to be considered:
· Transmit beam nulling across different sectors is theoretically possible, but the practical implementation may be too costly since it may be necessary to calculate the beamforming vector for each subcarrier. 

Spatial isolation techniques
The spatial isolation mechanisms for co-site inter-sector case are in principle similar to the self-interference case. In addition, these aspects need to be considered:
· Element-to-element isolation is easier to manage within a single antenna enclosure, where all parameters and physical dimensions can be controlled. Isolation between sectors occurs due to unwanted radiation towards the back of the antenna, which is more difficult to control. The geometry between the antennas of different sectors can be difficult to adjust precisely, meaning that the element coupling can be difficult to predict.
· It has been suggested that EM shielding material between sectors may be used. This is not possible in all installations but may possibly be an option in some installations. The effectiveness of the EM shielding has not been studied.
[bookmark: _Toc134691811]<End of TP>
References 
[1] [bookmark: _Ref146013004]R4-2314005, “Draft TR 38.858”, CMCC, August 2023.
image1.emf
50 55 60 65 70 75 80 85

dBc

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Empirical CDF

without beam nulling

with beam nulling


