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1	Introduction
[bookmark: _Ref178064866]During RAN4#106, a structure for the RAN4 chapter of the SBFD TR was agreed, along with editors for each of the sections. It was also agreed that each company can submit TP for each section, and then that the TP for each section will be merged.
At RAN4#106bis-e, it was further agreed that for FR1 WA, MR and FR2 each company would capture results in a company specific section.
In this TP, we present a proposal for the section 10.2 containing analysis for the FR1 BS sections.
[bookmark: _Ref189046994]3	Text Proposal

10.2 Feasibility of FR1 Wide Area BS aspects
10.2.1	Self-interference analysis
Editor's note: This section captures the typical assumption based on which the RSIC capability is derived and analysis results
10.2.1.1	Summary table for self-interference analysis
Editor's note: This section captures the summary table which is based on self-interference analysis framework. 
10.2.1.2	Feasibility study on self-interference
Editor's note: This section captures the feasibility study on self-interference based on individual companies’ analysis. 
10.2.1.2.1	[Company Name]Ericsson
Editor's note: Individual company may provide the analysis assumption/configuration used for the corresponding analysis summarized in 10.2.1.1. Additionally, the views on the preference/views on component technology and corresponding trade-off can be provided and analysed.  
Table 10.2.1.2.1-1 presents an overview of the self-interference mitigation potential for a wide area BS with 53 dBm transmit power.
When considering the transmitter sub-band emissions that leak into the RX sub-band, the emissions are suppressed to a level of around -72dBm using transmitter and analog suppression techniques, which is around 24dB above the noise floor. In principle, digital techniques could to some extent be used to further suppress the TX interference, however the receiver is blocked. From the receiver perspective, the input power is too high and the receiver is blocked. A detailed description is provided below the table.

Table 10.2.1.2.1-1 Self-interference mitigation for FR1 WA BS
	FR1

	BS class
	Wide 
Area BS

	BS TX Power  = ① dBm
	53 dBm

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

	
	
	Frequency isolation 
techniques used
	Digital filtering, CFR, DPD


	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	70 dBc

	
	
	Spatial isolation 
techniques used
	A combination of spatial isolation, chokes, absorption, mushroom EBG.

80dB can be achieved over a bandwidth of 100-200MHz and for certain beam directions. However, since the isolation needs to be achieved across the whole band and considering that depending on beam direction the isolation in fact varies from around 55dB to more than 80dB, 70dB is adopted as an average antenna isolation over a reasonable bandwidth.

	
	TX Beam nulling /isolation in TX sub-band
= ④ 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.

	
	DL EIRP impact due to beam nulling in TX sub-band
	Up to 1-5dB EIRP loss, depending on beam direction, array size, directivity etc.

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-72 dBm

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

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

	
	
	RF IC techniques and other tech.
(before LNA)
	
Analogue interference cancellation incurs RX sensitivity loss due to insertion and also severe limitations on sub-band pre-coding and multi-carrier operation. Also, high routing complexity with large number of TX and RX.

Filtering prior to the LNA would imply the need for the BS hardware to be specifically tuned to the SBFD carrier and no multi-carrier possibilities. Filter would be bulky to integrate into an AAS. Insertion loss would degrade sensitivity.

Filtering in-between LNA stages could increase linearity, but still a large number of filters to incorporate multi-carrier configurations would not be feasible. Loss of integration would cause increases in size, energy etc.

	
	
	Impacts to RX sensitivity (due to e.g. insertion losses) due to RF IC or other techniques before LNA
	>=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)
	-27 dBm

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	0 dBc

	
	
	Frequency isolation techniques 
	The RX input level is -27 dBm, and hence the receiver is in high non-linearity; no possibility for interference mitigation as part of the digital receive combining algorithms.

Increasing IIP3 towards levels above +5dBm would necessitate designs with unacceptably low levels of integration, increased energy consumption, thermal issues, size etc.


	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-32dBm (Minimum for RAN4 requirement)
-22dBm (Realistic for AAS)
-10dBm (optimistic for AAS)

	
	
	
	Rx IM3 contribution (dBm)
	
Even without ADC overload:

-17 dBm (RAN4 minimum receiver)
-37 dBm (Realistic)
-61 dBm (Optimistic)

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	ADC could be overloaded; this can be mitigated with filtering prior to ADC except for direct conversion architectures.

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

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

	
	RX sensitivity degradation caused by RX beam nulling
	Receiver saturated

	
	Digital IC  = ⑦ 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.

	Overall RSIC capability  (Note 1)
	Transmitter: 125 dB
Receiver: N/A due to receiver saturation

	Noise floor ⑩dBm
	-96 dBm/CBW

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

	Required RSIC budget (①-⑪dBc)
	155 dBc

	SBFD configuration
	40-20-40 MHz

	Guardband assumption (if exist)
	5 PRB.

	bandwidth over which suppression is achieved
	>300 MHz

	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.



The following are more detailed considerations of modelling and techniques captured in table 10.2.1.2.1-1:

TX – RX isolation
Transmitter to receiver isolation is achieved by means of separating the transmit and receive panels. Spatial separation alone achieves in the order of 30-40 dB isolation. However, a number of techniques exist to significantly improve the TX-RX panel isolation including chokes, absorption, mushroom EBG etc. A detailed electromagnetic simulation of these techniques is presented in R4-2216404, which demonstrates that the isolation between a TX panel and RX sub-array varies depending on beam direction between 55 to 80dB. An example of the electromagnetic simulations is depicted in figure 10.2.1.2.1-1 and 10.2.1.2.1-2. The first figure visualizes the EM propagation between the sub-arrays, whereas the second figure indicates the TX panel to RX sub-array isolationfor several TX beam steering directions. The simulations take into account an advanced suppression structure between the sub-arrays.

[image: ]
Figure 10.2.1.2.1-1 Full-wave averaged E-field magnitude on an XZ plane cut based on EM simulation

	[image: ]
1. 0 degree (boresight)
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1. 15 degrees (TX steers main beam toward RX)
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1. -15 degrees (TX steers main beam away from RX)

	[image: ](d) 0 degree (boresight)
	[image: ](e) 15 degrees (TX steers main beam toward RX)
	[image: ](f) -15 degrees (TX steers main beam away from RX)


Figure 10.2.1.2.1-2 TX panel to RX sub-array coupling magnitude curves considering co-polarized (top) and cross polarized (bottom) ports. Each curve represents the coupling magnitude of the TX panel to a single RX sub-array. Each sub-figure corresponds to a specific elevation angle.


The specific value depends on the scheduled users, and 70dB has been taken as a representative value. With TX beam nulling, as described in the subsequent section the variation can be reduced and the achievable isolation becomes around 80dB.

TX beam nulling
The transmit panel has a large number of transmit elements and hence a high number of degrees of freedom to perform beamforming. Beam Nulling can be used in the transmit panel to reduce the power at the receive panel. It is not clear that beam nulling has the same impact on both the transmitted signal and the transmitter leakage, however for simplicity this has been assumed. A simulation investigation has been presented in R4-2219633, which demonstrated the possibility to increase the spatial isolation to around 80dB using beam nulling. Furthermore, beam nulling reduces the variation of the spatial isolation due to beam direction. Thus, 80dB of spatial isolation is assumed.
The beam nulling has an impact on DL EIRP depending on the beam direction. The impact to DL MIMO performance was not investigated.

Analogue interference cancellation
Analogue interference cancellation could be considered as a means for suppressing both interference in the RX sub-band and power in the TX sub-band entering the receiver. Analogue IC requires and inter-connections/routing paths to detect the signal at each transmitter as well as remove the interference in the receiver. In order to ensure that the removed signal is not impacted by receiver processing, the interference subtraction must take place in the first stage of the receiver chain, before the LNA and thus insertion losses caused by the coupling will degrade the noise figure.
Analogue interference cancellation is a promising technology for some smaller BS types and simulations demonstrate potential for mitigating interference for larger arrays. However, the complexity of interconnections between all TX and RX elements in a large commercial BS and the losses associated with the combining and subtracting would lead to a performance decrease and size and weight increase for an AAS to the level of a doubtful feasibility. Thus, analogue interference cancellation has not been considered for a high power, large array AAS.

Receiver analogue filtering
For the wide area BS, the main performance issue is the large power in the TX sub-bands entering the receiver, -27dBm. The minimum RAN4 requirement for a receiver is to produce a 6dB desensitization when a carrier of -43dBm is applied in a 2nd adjacent channel, and thus the application of -27dBm directly next to the RX sub-band is very challenging. Although the linearity performance can be improved, the LNA linearity cannot be directly improved to become sufficient.
A possible solution is to use analogue filters before the LNA to remove the DL sub-band power. Investigations in R4-2219633 demonstrate that it is not possible to build analogue filters with an achievable Q-factor without a large insertion loss.

Figure 10.2.1.2.1-3 Analogue filter performance for Q=1500
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Table 10.2.1.2.1-2 Insertion losses for Q=1500 filters
	Filter type
	Edge insertion loss
	Average insertion loss

	10 MHz UL sub-band
	7.6 dB
	4.4 dB

	20 MHz UL sub-band
	7.4 dB
	3.1 dB

	30 MHz UL sub-band
	7.8 dB
	2.6 dB




Another alternative is to place analogue filters between a first stage and a second stage LNA. Using this approach, the linearity of the receiver chain could in principle be improved with a much-reduced impact to the noise floor. However, there are a number of significant problems with such an approach:
· The first LNA stage needs high linearity and becomes very power consuming.
· The tight integration needed to achieve power and weight efficient AAS BS is no longer feasible due to the filter size. Hence there will be further increases in power consumption due to reduced integration and thermal management issues.
· The filters would need to be tuned specifically to the UL sub-band if implemented in RF. Hence, non-reconfigurable, operator specific hardware would be needed for every BS. The alternative is to use a mixer to bring the signal down to IF or baseband, but then the mixer linearity would compromise the receiver performance and the blocking performance would not be achieved.
· There would need to be a number of filters for every branch due to e.g. 2 polarizations, support for DL slots, UL slots and SBFD slots with different filtering requirements (even more filters if there would be multi-carrier support). Also switches would be needed, which would compromise linearity and add further space. It is doubtful all of the filters could be accommodated without further losses.

Due to the above reasons, analogue filtering is not considered to be a realistic approach for a commercially relevant BS and so is not considered the feasibility analysis.

Digital interference cancellation and digital processing
Digital TX interference cancellation and subtraction, and RX combining taking into account interference covariance have the potential to mitigate interference in the receiver. Digital processing has not been considered because the power level in the analogue front end of the receiver is high enough to saturate the receiver. Digital interference subtraction would required a very high computational complexity for a wide area AAS due to the large number of TX-RX combinations.


----------------------   Next section -----------------------------
10.2.2.1	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. 
10.2.2.2	Feasibility study on co-channel inter-sub-band co-site inter-sector interference
Editor's note: This section captures the feasibility study on co-channel inter-sub-band co-site inter-sector interference based on individual companies’ analysis. 
10.2.2.2.1	Ericsson
Editor's note: Individual company may provide the analysis assumption/configuration used for the corresponding analysis summarized in 10.2.2.1. Additionally, the views on the preference/views on component technology and corresponding trade-off can be provided and analysed.  
Table 10.2.2.2.1-1 presents an analysis of the inter-sector interference effects for wide area FR1 BS. It should be noted that, as demonstrated in section 10.2.1.2.1, the receiver is already driven into saturation due to self-interference. In addition to the self-interference, the inter-sector interference in the TX sub-bands is also very high power and would drive the receiver into saturation.
Table 10.2.2.2.1-1 FR1 WA inter-sector interference analysis
	FR1
	Ericsson

	BS class
	Wide 
Area BS

	BS TX Power  = ① dBm
	53 dBm

	Number of co-site co-channel sectors considered
	2

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

	
	
	Frequency isolation 
techniques used
	DPD, CFR

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

	
	
	Co-channel Co-site Inter-sector 
Spatial isolation 
techniques used
	Typical site layout with around 400mm between sectors

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

	
	DL EIRP impact due to beam nulling in TX sub-band (considering all nulling for self- and inter-sector interference)
	0 dB

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

	
	Interference signal in gNB TX subband, measured at the input of LNA (Note 1) due to inter-sector interference
	-34 to -19 dBm (Varies depending on scheduled beam directions)

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	0 dBc

	
	
	Frequency isolation techniques 
	Filtering prior to the LNA would imply the need for the BS hardware to be specifically tuned to the SBFD carrier and no multi-carrier possibilities. Filter would be bulky to integrate into an AAS. Insertion loss would degrade sensitivity.

Filtering in-between LNA stages could increase linearity, but still a large number of filters to incorporate multi-carrier configurations would not be feasible. Loss of integration would cause increases in size, energy etc.

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-32dBm (Minimum for RAN4 requirement)
-22dBm (Realistic for AAS)
-10dBm (optimistic for AAS)

	
	
	
	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)

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

	
	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)
	-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)

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

	
	RX sensitivity degradation caused by RX beam nulling
	Receiver saturated; RX processing not feasible

	
	Digital processing interference supression capability
	No digital cancellation between sectors. RX Saturated

	Total interference in RX SB (dBm) (Note 2)
	-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)

	Noise floor ⑩dBm
	-96 dBm/CBW

	Calculated Desensitization (dB)
	Receiver saturated (>> 30dB)

	SBFD configuration
	40-20-40 MHz

	Guardband assumption (if exist)
	5 PRB.

	bandwidth over which suppression is achieved
	>300 MHz

	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.
Note 4: The abbreviation CSSI refers to co-site co-channel inter-sector interference in this table



Inter-sector isolation
Due to capacity optimization and site costs, outdoor sites will typically host several sectors, as well as potentially co-located basestations. Some examples of different types of deployment are depicted in figure 10.2.2.1-1. Site space constraints (considering zoning, rental, weight, wind-load and other factors) typically mean that the potential to increase distance between sectors or to mount additional structures between sectors and basestations can be very limited.
To avoid direct interference to the SBFD receive resources, all sectors using the same carrier must apply SBFD simultaneously in the same slots. If this is the case, then the SBFD receiver will still experience significant power from the TX sub-band of the other sectors, and from other basestations. The isolation between the TX sub-band of other sectors and the RX panel can potentially be less than the TX sub-band within the own basestation since the possibilities for building an efficient isolating structure between sectors is less than within a BS.
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Figure 10.2.2.2.1-1 Examples of outdoor BS deployments

Isolation between sectors has been simulated using electromagnetic simulations in R4-2301885 with an assumption of 400mm sector separation. The isolation varies to some degree with separation, but not to an extent that would change the overall results. For most practical site deployments, addition of materials between sectors is not likely to be feasible (and may reduce network performance). The simulation set-up is depicted in figure 10.2.2.2.1-2. In additional to a horizontal separation, a height separation between TX and RX panels is assumed.

	

(a)
	

(b)


Figure 10.2.2.2.1-2 EM simulation setup for 3-sector site

Figure 10.2.2.2.1-3 depicts the EM simulation results. The left hand plot shows the isolation with azimuth steering and elevation in boresight and the right hand plot with elevation steering and azimuth on boresight. The insolation between sectors is highly dependent on the beam direction. Although an “average” isolation can be given, this would mask the fact that for certain beam directions isolation is good and for others it is not good. Since the beam direction depends on the physical positions of users, advanced co-ordination of beam directions may not be possible if other constraints such as capacity and latency are to be optimized. Even with an optimization, the isolation would be less than 80dB.
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0. Azimuth beam steering with elevation at boresight
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0. Downtilt elevation beam steering with azimuth at boresight


Figure 10.2.2.2.1-3 Inter-sector isolation (between two sectors) results from EM modelling.

It should also be considered that there are likely to be two interfering sectors, as well as potentially other co-located BS (for example, from other operators).

Beam nulling
There may be some potential for beam nulling to mitigate interference between sectors. However, it is not sufficient to avoid that the power into the receiver drives the receiver into saturation for the wide area scenario.

Receiver filtering
Analogue filtering in the receiver is not assumed for reasons described in section 10.2.1.2.1.




----------------------   Next section -----------------------------
10.3.1.1	Summary table for self-interference analysis
Editor's note: This section captures the summary table which is based on self-interference analysis framework. 
10.3.1.2	Feasibility study on self-interference
Editor's note: This section captures the feasibility study on self-interference based on individual companies’ analysis. 
10.3.1.2.1	[Company Name]Ericsson
For the medium range BS, four implementation scenarios are presented. In the first scenario, the RF is assumed to perform at the absolute minimum needed to meet the 3GPP requirements. In the second scenario, an improved RF performance that is still likely to be a reasonable commercial implementation is considered (called realistic). Two further scenarios are considered; one in which the receiver linearity is assumed to exceed the realistic scenario, which could lead to more significant compromises in power consumption, size etc. The other scenario is one in which realistic RF performance is assumed, but the transmitter is assumed to be 3dB lower than the maximum transmitter limit in power.
It can be observed that for a BS only built to meet 3GPP minimum requirements, the receiver performance is not sufficient to operate SBFD without significant desensitization. To operate SBFD, either receiver digital processing is needed with the realistic assumptions (the feasibility of achieving sufficient gain with such processing depends on the wider deployment scenario), or somewhat better receiver performance, or lower transmit power than the 3GPP maximum limit.
An explanation for the assumptions in the table are provided below the table.
	FR1
	Ericsson 

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

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

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

	
	
	Frequency isolation 
techniques used
	Digital filtering, CFR, DPD

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	65-70 dBc
	 65-70 dBc
	 65-70 dBc
	65-70 dBc

	
	
	Spatial isolation 
techniques used
	A combination of spatial isolation, chokes, absorption, mushroom EBG.
80dB can be achieved over a bandwidth of 100-200MHz and for certain beam directions. However, since the isolation needs to be achieved across the whole band and considering that depending on beam direction the isolation in fact varies from around 55dB to more than 80dB, 65-70dB is adopted as an average antenna isolation over a reasonable bandwidth.

	
	TX Beam nulling /isolation in TX sub-band
= ④ 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.

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

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

	
	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

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

	
	
	RF IC techniques and other tech.
(before LNA)
	
Analogue interference cancellation incurs RX sensitivity loss due to insertion and also severe limitations on sub-band pre-coding and multi-carrier operation. Also, high routing complexity with large number of TX and RX.

Filtering prior to the LNA would imply the need for the BS hardware to be specifically tuned to the SBFD carrier and no multi-carrier possibilities. Filter would be bulky to integrate into an AAS. Insertion loss would degrade sensitivity.

Filtering in-between LNA stages could increase linearity, but still a large number of filters to incorporate multi-carrier configurations would not be feasible. Loss of integration would cause increases in size, energy etc.

	
	
	Impacts to RX sensitivity (due to e.g. insertion losses) due to RF IC or other techniques before LNA
	>=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)
	-42 dBm
	 -42 dBm
	 -42 dBm
	-45 dBm

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	0 dBc

	
	
	Frequency isolation techniques 
	Digital IC of TX. The impact of scattering / reflection in the environment has not been considered.
For RX, the 3rd column represents improved receiver linearity in the analogue domain.
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. 
 It is assumed that inter-sub band RX ACS is very large due to time alignment and achieving orthogonality between the TX and RX signals in the digital domain. 

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-27.6 dBm
	-17.6 dBm
	-13 dBm
	-17.6 dBm

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

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	No significant issues for medium range BS power level other than mentioned above. Phase noise reciprocal mixing is not significant for this frequency range and power levels.

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2)
	-70.8 dBm
	-90.8 dBm
	-100 dBm
	-100 dBm

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


	
	RX sensitivity degradation caused by RX beam nulling
	

	
	Digital IC  = ⑦ dBc
	10-15 dBc (Transmitter)
 
 

	Overall RSIC capability  (Note 1)
	109 dBc
	128-138 dBc
	  135 dBc
	  134 dBc

	Noise floor ⑩dBm
	-90 dBm/CBW
	-90 dBm/CBW
	-90 dBm/CBW
	-90 dBm/CBW

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

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

	SBFD configuration
	40-20-40

	Guardband assumption (if exist)
	5 PRB

	bandwidth over which suppression is achieved
	<300MHz

	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.


Editor'’s note: Individual company may provide the analysis assumption/configuration used for the corresponding analysis summarized in 10.2.1.1. Additionally, the views on the preference/views on component technology and corresponding trade-off can be provided and analysed.  
Spatial isolation and beam nulling
For a medium range size AAS array, simulations show a spatial isolation of around 65-70dB, depending on the beam direction. With beam nulling, the isolation can be lifted to around 80dB, with in general less than 1dB cost in the downlink.

Analogue interference cancellation
With a smaller array size, analogue interference cancelation may be more feasible for a MR BS than for a WA BS. However, the number of interconnections is still significant. Furthermore, analogue IC requires that the same beam steering is applied on all RBs and all carriers, preventing sub-band precoding and multi-carrier operation. Also, in general analogue IC is not needed to avoid receiver saturation. Analogue IC has not been taken into account.

Analogue filtering
Analogue filtering is not realistic in an implementation for the same reasons described for the WA BS in section 10.2.1.2.1. Furthermore, analogue filtering is not really needed as the input power level to the MR receiver is generally manageable.

Digital interference cancellation and receiver processing
Digital sampling of the TX leakage interference and subtraction at RX is more feasible for a MR BS than for a WA 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.
At the receiver, the interference co-variance matrix can be estimated and the receiver MMSE-IRC algorithm can mitigate interference. The extent to which the receiver can mitigate interference depends on the overall interference structure, which depends on the profile of interfering UEs, other sectors and other basestations as well as the fading channel profiles in the environment. The study has not considered the deployment environment when considering feasibility of self-interference suppression, and hence a specific number for the suppression by means of receiver processing is not provided. However, it is noted that for the MR to operate with the “realistic” receiver and the maximum allowed transmit power, several dB of suppression would need to be achieved by digital processing.

----------------------   Next section -----------------------------
10.3.2.1	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. 
10.3.2.2	Feasibility study on co-channel inter-sub-band co-site inter-sector interference
Editor's note: This section captures the feasibility study on co-channel inter-sub-band co-site inter-sector interference based on individual companies’ analysis. 
10.3.2.2.1	Ericsson
Editor's note: Individual company may provide the analysis assumption/configuration used for the corresponding analysis summarized in 10.3.2.1. Additionally, the views on the preference/views on component technology and corresponding trade-off can be provided and analysed.  
Table 10.3.2.2.1-1 presents an analysis of the inter-sector interference effects for medium range FR1 BS. The table considers the “optimistic” receiver considered in section 10.3.2.1.1; i.e., a receiver that is more capable than in a current BS. If the “realistic” receiver would be considered, then the indicated desensitizations would be greater.
The level of inter-sector interference only varies depending on the beam direction from around 4dB to 22dB. The total desensitization would include self-interference and would be around 1dB greater. There may be some potential to increase inter-sector isolation using TX beam nulling (not shown in the table), however clearly mitigating inter-sector interference will be a challenge also for MR BS.
	FR1
	Ericsson

	BS class
	Medium Range BS

	BS TX Power  = ① dBm
	38 dBm

	Number of co-site co-channel sectors considered
	2

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

	
	
	Frequency isolation 
techniques used
	DPD, CFR

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

	
	
	Co-channel Co-site Inter-sector 
Spatial isolation 
techniques used
	Typical site layout with around 400mm between sectors

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

	
	DL EIRP impact due to beam nulling in TX sub-band (considering all nulling for self- and inter-sector interference)
	0 dB

	
	Interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.  due to inter-sector interference (Note 1)
	-94 to -79 dBm (Varies depending on scheduled beam directions)

	
	Interference signal in gNB TX subband, measured at the input of LNA (Note 1) due to inter-sector interference
	-49 to -34 dBm  (Varies depending on scheduled beam directions)

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	0 dBc

	
	
	Frequency isolation techniques 
	Filtering prior to the LNA would imply the need for the BS hardware to be specifically tuned to the SBFD carrier and no multi-carrier possibilities. Filter would be bulky to integrate into an AAS. Insertion loss would degrade sensitivity.

Filtering in-between LNA stages could increase linearity, but still a large number of filters to incorporate multi-carrier configurations would not be feasible. Loss of integration would cause increases in size, energy etc.

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-13 dBm (“Optimistic” value)

	
	
	
	Rx IM3 contribution (dBm)
	-101 dBm to -74 dBm

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

	
	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)
	-101 dBm to -74 dBm
(Additional interference due to inter-sector interference only)
(Depending on beam direction)

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

	
	RX sensitivity degradation caused by RX beam nulling
	0 dB

	
	Digital processing interference supression capability
	No digital cancellation between sectors. 

	Total interference in RX SB (dBm) (Note 2)
	-94 To -74 dBm
(Additional interference due to inter-sector interference only)
(Depending on beam direction)

	Noise floor ⑩dBm
	-96 dBm/CBW

	Calculated Desensitization (dB)
	4 to 22 dB (Depending on beam direction. Additional degradation due to inter-sector interference only)

	SBFD configuration
	40-20-40 MHz

	Guardband assumption (if exist)
	5 PRB.

	bandwidth over which suppression is achieved
	>300 MHz

	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.
Note 4: The abbreviation CSSI refers to co-site co-channel inter-sector interference in this table



Inter-sector isolation
Isolation between sectors has been simulated using electromagnetic simulations in R4-2301885 with an assumption of 400mm sector separation. The isolation varies to some degree with separation, but not to an extent that would change the overall results. For most practical site deployments, addition of materials between sectors is not likely to be feasible (and may reduce network performance).
The insolation between sectors is highly dependent on the beam direction. Although an “average” isolation can be given, this would mask the fact that for certain beam directions isolation is good and for others it is not good.

Beam nulling
There may be some potential for beam nulling to mitigate interference between sectors. To achieve complete isolation between sectors, more than 20dB beam nulling would be needed.

Receiver filtering
Analogue filtering in the receiver is not assumed for reasons described in section 10.2.1.2.1.



----------------------   Next section -----------------------------
10.4.1.1	Summary table for self-interference analysis
Editor's note: This section captures the summary table which is based on self-interference analysis framework. 
10.4.1.2	Feasibility study on self-interference
Editor's note: This section captures the feasibility study on self-interference based on individual companies’ analysis. 
10.4.1.2.1	[Company Name]Ericsson
Editor's note: Individual company may provide the analysis assumption/configuration used for the corresponding analysis summarized in 10.2.1.1. Additionally, the views on the preference/views on component technology and corresponding trade-off can be provided and analysed.  
The self-interference suppression expectations for the LA BS class are provided in table 10.4.1.2.1. 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.
Table 10.4.1.2.1-1 LA BS self-interference supression
	FR1 
	Ericsson (preliminary)

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

	BS TX Power  = ① dBm
	24 dBm
	24 dBm

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

	
	
	Frequency isolation 
techniques used
	Digital filtering, CFR, DPD


	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	70 dBc
	70 dBc

	
	
	Spatial isolation 
techniques used
	Physical distance, isolation structures
 

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

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

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-91 dBm
	-91 dBm

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

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

	
	
	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.
 

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

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

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	xxx dBc

	
	
	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. 

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-24.6 dBm
	-14 dBm

	
	
	
	Rx IM3 contribution (dBm)
	-88.8 dBm
	-110 dBm

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

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2)
	-88.8 dBm
	-110 dBm

	
	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.


	
	RX sensitivity degradation caused by RX beam nulling
	

	
	Digital IC  = ⑦ dBc
	15 dBc on transmitter
 

	Overall RSIC capability  (Note 1)
	112 dBc
	128 dBc

	Noise floor ⑩dBm
	-87 dBm/CBW
	-87 dBm/CBW

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

	Required RSIC budget (①-⑪dBc)
	117 dBc
	117 dBc

	SBFD configuration
	40-20-40, see annex

	Guardband assumption (if exist)
	5 PRB, see annex

	bandwidth over which suppression is achieved
	<300MHz

	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.



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.
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