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1	Introduction
In this contribution we present considerations on some additional aspects of BS feasibility. Antenna isolation for self-interference and inter-sector interference, filtering possibilities, RX linearity considerations, interference cancellation, transmitter modelling and other aspects have been presented in previous contributions.
For FR1, Wide Area SBFD is highly limited by receiver linearity. Possibilities exist to increase receiver linearity be means of lower levels of receiver integration and the use of filtering. Possibilities are analyzed in section 2, which demonstrates that such solutions would increase size, weight and power consumption and also be very hardware limited requiring operator specific, inflexible hardware variants capable of handling a single carrier only.
In order to facilitate cost-effective site design, modern commercial basestations must be capable of handling multiple carriers and potentially multiple bands. There needs to be flexibility in carrier placement and activation. Much of the consideration of SBFD has considered a single carrier BS only. In section 3, additional considerations for multi-carrier implementations are considered.
As well as self-interference, for wide area deployments and some medium range deployments, inter-sector interference between TX sub bands of other sectors and the RX sub-band will be encountered. Section 4 presents proposals on the consideration of inter-sector interference.
Section 5 presents views on the RAN4 specification impacts of SBFD.
[bookmark: _Ref178064866]2	Receiver architecture and performance considerations
Different receiver architectures have been presented and the possible impact of SBFD was elaborated in detail in previous meetings [1-2]. With realistic assumptions on the capabilities of integrated, energy efficient AAS receivers, for the wide area scenario the self-interference and inter-sector interference drives the receiver into non-linearity.
In this section, possible methods to significantly improve the receiver linearity (e.g. larger than 0 dBm) are analyzed in order to further assess the limitations imposed by realistic commercial receiver design for high power basestations. 
It is important to note that the analysis in this chapter considers single carrier implementation of SBFD only, where size and frequency location of the UL sub-band and DL sub-bands are fixed and inflexible, and the assumption is that SBFD is supported on a single carrier regardless of the number of carriers that the BS can support. Any added flexibility in sub-band bandwidth or frequency configuration, or SBFD support on more than one carrier would incur excessive complexity in terms of receiver structure and number of filters and switch structuresand would not be feasible.
In order to avoid saturation of the receiver, it is necessary to filter out the high power DL sub-bands in the early parts of the receiver. Solutions considering addition of switchable filters into the different receiver architecture differ in implementation detail depending if the receiver is based on direct RF sampling or using down conversion (Homodyne, zero IF and super heterodyne) For simplicity Direct RF sampling architecture is elaborated in detail in the following paragraphs, while for down conversion type of architectures, the differences compared to direct RF are discussed.
For an AAS BS, taking to account losses in routing and filters for harmonic rejections, the gain of the analogue front end up to RF sampling ADC input is typically around 35 dB. If a filter is placed in front of the first amplification stage then the insertion loss of the filter will degrade the Noise Figure for the whole receiver. Instead, considering a two stage LNA solution providing the needed gain, the IIP3 can be significantly improved in theory by implementing first and second stage LNA with much higher linearity requirements (compared to existing BS receiver without SBFD support) and the addition of an RF filter between the two LNA stages as shown in Figure 1. 
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Figure 1	Normal Direct RF sampling (top) receiver, Linearity improved Direct RF sampling receiver (below)


In general, to improve the linearity of a gain block, an increased power consumption is required. A rule of thumb is a doubling of the power consumption for every 3dB increase in IP3 performance. In reality, current AAS BS receiver front end have power consumption around 0.25 W and so an  improved linearity solution would require LNA:s with ~400 mW and ~600 mW for first and second stage LNA respectively resulting in total power consumption of at least ~1 W, which is a significant increase for an AAS BS that is aiming to be energy efficient.The “improved” LNA + switchable filter solution power consumption penalties will create two problems as expected. For AAS BS, the increase in power consumption scales with 2 (two polarization supported per sub-array) x number of sub-arrays which is excessive and reduces energy efficiency. Secondly, the need to dissipate the additional energy also poses thermal challenges due to limited size of the equipment.
The UL sub-band filter would require enough attenuation towards high power levels in DL sub-bands to be achieved whilst respecting the  limited guard (e.g., 5 PRB for FR1) and with reasonable losses. In addition to the filter, switches are needed such that the filters are not applied during UL only slots. Also, the switches need to be linear with reasonably low insertion losses and fast switch time. The UL sub-band RF filter feasibility was assessed in previous paper [2] where it was shown that for an AAS type of implementation Q-values of ~1500 would be the maximum feasible due to physical limitations. A filter simulation results assuming UL sub-band size of 20 MHz is in Figure 2
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Figure 2 UL sub-band filter characteristics for 20 MHz UL sub-band and Q-value of 1500
 
Degradation of receiver Noise Figure occurs due to induced losses (filter, switches etc) and the “improved” LNA set up, The Noise Figure losses vary per PRB as the filter losses are quite significant at edge PRB:s compared to center PRB:s.
Current AAS BS, is based on high level of integration to address space limitations (many receiver and transmitter chains are implemented in limited space). The two-stage LNA with switchable filter will not allow for integration due to the larger, high Q filter between the two LNA stages. Thus, the improved linearity would be obtained at the price of de-integration and associated impact to size, weight, energy consumption and potentially feasibility. In addition, the switchable filter solution will work on fixed carrier center frequency and fixed UL sub-band position and size with no flexibility, and so the hardware would be limited, operator/carrier specific and inflexible.
Considering down conversion receivers, the filters can be moved to lower frequencies, which increases the feasibility of sharp filters e.g. switchable SAW filters at IF frequencies for Super heterodyne receivers. For down conversion receiver architectures, in addition to LNA stages, the mixer needs to be very linear, and some advanced VGA would be needed to optimize and controls the gain up to the mixer to get as relaxed IP3 requirements as possible on mixer. Thus, lowered gain affects the Noise Figure negatively. The power consumption for such receivers would be quite high and could be around ~1-1.25 W per receiver chain compared to normal receiver being ~0.25 W per chain.
For super heterodyne receivers, the position of the carrier and UL sub-band filters can be more flexible compared to Direct RF sampling architectures but both architectures would suffer from single carrier only support and in-flexibility of UL-sub-band size. In addition, power consumption for both SBFD high linearity solutions will be much higher compared to a normal receiver.
In summary, there are possible solutions to significantly improve the linearity of the receiver for SBFD but in reality, such high linearity receiver solution would only support single carrier SBFD, the position of carrier and UL sub-band bandwidth would be very in-flexible and they would suffer from significantly higher power consumption, size and weight compared to a normal receiver. Both low current consumption and high integration level is very important which can not be maintained if the linearity requirement need to be increased excessively.
In addition, sharp filters with limited guard are needed. The feasibility of such filters in an AAS implementation is very questionable due to limited mechanical space and need to implement many transceivers, and the need for filters for each polarization and potential carrier position in a multi-carrier implementation.
[bookmark: _Toc131964743]The use of filters in the early statges of the RF chain to improve IIP3 would cause a large increase in power consumption, size and weight and a decrease in the level of integration possible. Also the filtering would need to be tuned to a specific carrier and so would need to be operator specific and hardware inflexible.

3	Impact of multi-carrier support
The need for relevant and realistic assessment of feasibility for SBFD BS is an important part of the Duplex evolution SI. An important aspect for any BS regardless of access technology is the multi-carrier capability and operation for the BS. For majority of deployments, base-stations need to be capable of handling multiple carriers and deploying BS only capable of single carrier operation is not useful nor representative.  
Thus, most BS are multi-carrier capable nodes, where multiple independent carriers are supported by same transmitter and receiver. In case of AAS BS, each sub-array is connected to a transceiver supporting multiple carrier operation. and the feasibility should take to account this important and necessary property of the BS. Assuming a simple scenario with a BS capable of operating with e.g., 3 carriers, there are aspects related to multi-carrier operation as depicted in the example in Figure 3-1. 
It should be noted that, BS can declare and operate different carriers belonging to different RATs but for simplicity, we disregard from multi-RAT capabilities and operation. 





Figure 3-1: Multi-carrier examples 
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The carriers are independent and support the needed traffic scenario within each carrier but as all carriers go through common transmitter and receiver, the changes in one carrier will affect the other carrier. 
The linearization in general is more difficult when bandwidth increases, since the linearization bandwidth for FR1 is at least 5 times larger than the RF bandwidth to cater for third and fifth order intermodulation products. For SBFD capable BS, assuming current 45 dBc linearization as baseline, any needed additional suppression of unwanted emissions falling into UL sub-bands increases the complexity significantly for multi-carrier compared to single carrier case. 

CFR to mitigate the high OFDM PAPR is a key part of any BS transmitter implementation. To apply frequency discriminating suppression of CFR distortion leaking into UL sub-bands for multi-carrier scenarios with more than one SBFD capable carriers also implies significant complexity increase.  
Similarly, the filtering becomes quite a challenge in particular for RF filtering as if the intention is to apply a RF filter bank on UL sub-bands to protect the receiver from DL sub-band power, the complexity of filtering structure will be excessive as well as number of filters. Since all carrier goes through same sub-array and limited mechanical space, the filtering becomes even more unfeasible. The filtering complexity also applies when high linearity receivers with an RF filter is allocated between the two high linearity LNA:s. This is discussed in section  2.

If some kind of filtering/filter banks is applied to protect the ADC in baseband, the complexity increases significantly when considering multi-carrier operation compared to single carrier operations. 
Beam nulling also adds additional implications due to the fact that beam nulling has to address the null space to all independent carriers which may need to support different UEs. The computational complexity would increase would linearly with the number of carriers. Also, the beam nulling may need to provide nulls to multiple UL sub-bands, which would further increase the complexity and potentially decrease the performance gains. 

The digital IC becomes also more challenging as due to frequency dependency of the coupling between RX and TX sub-arrays, the number of taps of the channel responses increase accordingly. 

The impact on digital IC and possible beam nulling in presence of multiple carrier due to independent traffic but mutual dependencies between carriers both for transmit and receiver could be an issue and non-intuitive the complexity growth likely is not growing linearly with the number of carriers. This aspect needs to be further investigated. 

Another important aspect to consider is the Passive Inter-Modulation (PIM). With introduction of SBFD, TDD bands also could suffer from PIM where until now TDD bands with synchronized operation so far has been spared from PIM interference. 

Thus, multi-carrier operation poses different feasibility aspects which need to be properly studied and documented during the duplex evolution SI as feasibility study on single carrier case does not cover the feasibility aspects for multi-carrier capable BS which is the normal mode of operation for BS. 


[bookmark: _Ref189046994]4	Inter-sector interference handling
4.2	General approach
During RAN4#106, a range of values for inter-sector isolation was captured [1]. It was suggested that a table similar to the RSIC table be used for evaluation of inter-sector interference, however no conclusion was reached.
Several of the approaches used for mitigating self-interference can in principle also be used for mitigating inter-sector interference. These may include, for example frequency suppression of transmitter distortions (i.e., ACLR) and some techniques such as beam nulling and RX processing. Other techniques, for example analogue cancellation are clearly not feasible between sectors.
For self-interference, the predictions of interference suppression have been compared to the levels needed to achieve a 1dB desensitization of a receiver that just meets the reference sensitivity requirement. For inter-sector interference, a similar evaluation was discussed. However, deciding on a criterion is somewhat problematic in that 1dB of desensitization has already been assumed for a feasible BS and hence inter-sector interference occurs on top of the 1dB.
[bookmark: _Toc131964744]A “1dB criterion” for inter-sector interference would be on top of the self-interference.
The ability to mitigate inter-sector interference depends not on the design of the BS itself but more on site constraints (for example, how far apart sectors can be placed). Having identified a range of inter-sector isolation values, in our view it is sufficient to identify the corresponding interference levels.
[bookmark: _Toc131964862]Capture the range of interference levels/desensitization due to inter-sector interference (together with self-interference) under relevant assumptions.
The interference due to transmitter leakage from other sectors is additive on top of the self-interference related transmitter leakage. However, interference in the receiver due to receiver non-linearity depends on the total input power to the receiver (including self-interference, inter-sector interference and also inter-site interference from the same and other operators). Since the distortion consists of intermodulation in the receiver due to the combined power from all sources entering the receiver, the receiver distortion due to inter-sector is not independent of the receiver distortion due to self-interference.
[bookmark: _Toc131964745]The receiver related distortion depends on the total input power to the receiver, including both self-interference and inter-sector interference.
[bookmark: _Toc131964746]It is not possible to consider inter-sector receiver interference independently from self-interference.

To properly account for the receiver behavior, we propose the following procedure:
· Each company indicates the RX power due to self-interference, due to inter-sector interference and total RX power
· Each company indicates the receiver interference level due to (i) self-interference only and (ii) total interference (i.e., self-interference and inter-sector interference). The additional impact of inter-sector interference could be interpreted as the difference (ii) – (i).

[bookmark: _Toc131964863]The impact of (i) self-interference only and of (ii) combined self-interference+inter-sector interference should be evaluated. The impact of inter-sector interference could be interpreted as (ii) – (i).

An updated table taking into account inter-sector interference is presented below on this basis.
The term “RSIC” is retained in this table to refer to the ability of the BS to suppress both Self and Inter-Sector interference. If needed, an alternative term for the ability to suppress inter-sector interference could be defined.
[bookmark: _Toc131964747]For the proposed inter-sector table, it may discussed whether the term “RSIC” is the right one.

	FR1 (or FR2-1)
	Company-A

	BS class
	Wide 
Area BS

	BS TX Power  = ① dBm
	xxx dBm

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

	
	
	Frequency isolation 
techniques used
	e.g., DPD, sub-band analog filtering, digital filtering, etc.
Note: List all relevant techniques used in TX

	
	Spatial isolation
	Co-channel Co-site Inter-sector 
Spatial isolation capability 
 = ③  dBc
	xxx dBc

	
	
	Co-channel Co-site Inter-sector 
Spatial isolation 
techniques used
	e.g., spatial separation between TX/RX panel; cross polarization; circulator; shielding case; metal fences, etc.
Note: List all relevant techniques used in the evaluation

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

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

	
	Interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.  due to inter-sector interference (Note 1)
	

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.  due to self interference (Note 1)
(as captured in self-interference RSIC table)
	

	
	Interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.  due to both inter-sector and self-interference (Note 1) 
	

	
	RF IC and other tech. (before LNA)
	Analogue supression in TX sub-band of inter-sector  = ⑤ dBc
	xxx dBc

	
	
	Analogue supression in RX sub-band of inter-sector  = ⑧ dBc
	xxx dBc

	
	
	RF IC techniques and other tech.
(before LNA)
	e.g., RF IC, sub-band filtering etc.
Note: List all relevant techniques used in RX (before LNA)

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

	
	Interference signal in gNB TX subband, measured at the input of LNA (Note 1) due to inter-sector interference
	

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA (Note 1) due to self-interference (as documented in the self-interference RSIC table)
	

	
	Total Interference signal in gNB TX subband, measured at the input of LNA  (Note 1) 
	

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	xxx dBc

	
	
	Frequency isolation techniques 
	e.g., sub-band analog filtering, digital filtering, etc.
Note: List all relevant techniques used in RX

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	

	
	
	
	Rx IM3 contribution due to inter-sector interference only (dBm)
	

	
	
	
	Rx IM3 contribution due to self-interference only (dBm)
	

	
	
	
	Rx IM3 contribution due to total RX power (self-interference + inter-sector) (dBm)
	

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

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized due to self-interference only (as quoted in RSIC table)
(Note 1, 2)
	

	
	Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized due to inter-sector-interference only (Note 1, 2)
	

	
	Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized due to total interference 
(Note 1, 2)
	

	
	Digital processing interference supression capability
	

	Total desensitization when considering self-interference only
	

	Total desensitization when considering total self- and inter-sector interference
	

	Overall RSIC capability  (Note 1) when considering self-interference only
	xxx dBc

	Overall RSIC capability  (Note 1) when considering self-interference and inter-sector interference
	

	Noise floor ⑩dBm
	xxx dBm/CBW

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

	Required RSIC budget (①-⑪dBc)
	xxx dBc

	SBFD configuration
	

	Guardband assumption (if exist)
	

	bandwidth over which suppression is achieved
	

	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.




4.3 FR1 Wide area
Performance estimates for FR1 Wide Area with inter-sector interference are presented below. Whether due to inter-sector interference or self-interference, for Wide Area the receiver is driven into high non-linearity. Also the transmitter leakage causes significant distortion.

	FR1 (or FR2-1)
	Ericsson

	BS class
	Wide 
Area BS

	BS TX Power  = ① dBm
	53 dBm in 2 adjoining sectors

	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)
	Up to 5 dB

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

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

	
	Interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.  due to both inter-sector and self-interference (Note 1) (as captured in self-interference RSIC table)
	-64 to -71 dBm (Varies depending on scheduled beam directions)

	
	RF IC and other tech. (before LNA)
	Analogue supression in TX sub-band of inter-sector  = ⑤ dBc
	0 dBc

	
	
	Analogue supression in RX sub-band of inter-sector  = ⑧ dBc
	0 dBc

	
	
	RF IC techniques and other tech.
(before LNA)
	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
	0 dBc

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

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA (Note 1) due to self interference only (as documented in the self-interference RSIC table)
	-27 dBm

	
	Total Interference signal in gNB TX subband, measured at the input of LNA  (Note 1) 
	-18.4dBm to -26.2 dBm (Varies depending on scheduled beam directions)

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	0 dBc

	
	
	Frequency isolation techniques 
	The RX input level is -19 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 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 due to inter-sector interference only (dBm)
	(Varies depending on scheduled beam directions)
+7dBm to -38dBm (Minimum for RAN4 requirement)
-13dBm to -58dBm (Realistic for AAS)
-37dBm to -82dBm (Optimistic for AAS)

	
	
	
	Rx IM3 contribution due to self-interference only (dBm)
	-17 dBm (RAN4 minimum receiver)
-37 dBm (Realistic)
-61 dBm (Optimistic)

	
	
	
	Rx IM3 contribution due to total RX power (self-interference + inter-sector) (dBm)
	(Varies depending on scheduled beam directions)
+8.8dBm to -14.6dBm (Minimum for RAN4 requirement)
-11.2dBm to -34.6dBm (Realistic for AAS)
-35.2dBm to -58.6 dBm (Optimistic for AAS)

	
	
	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.

	
	Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized due to inter-sector-interference only 
(Note 1, 2)
	Receiver in high non-linearity

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized due to self-interference only (as quoted in RSIC table)
(Note 1, 2)
	Receiver in high non-linearity

	
	Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized due to total interference (as quoted in self-interference RSIC table)
(Note 1, 2)
	Receiver in high non-linearity

	
	Digital processing interference supression capability
	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.

	Total desensitization when considering self-interference only
	Receiver in high non-linearity

	Total desensitization when considering total self- and inter-sector interference
	Receiver in high non-linearity

	Overall RSIC capability  (Note 1) when considering self-interference only
	Transmitter: 125 dB
Receiver: N/A due to receiver saturation

	Overall RSIC capability  (Note 1) when considering self-interference and inter-sector interference
	Transmitter:  117-124 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.





4.4 FR1 medium range
Estimates of the impact of inter-sector interference on an FR1 MR BS are presented below. In the presence of inter-sector interference, TX leakage and RX distortion will often cause large degradations, except for certain “lucky” beam directions where interference from the other sectors is mitigated.

	FR1 (or FR2-1)
	Ericsson

	BS class
	Medium range BS

	BS TX Power  = ① dBm
	35 dBm in 2 sectors

	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 installation with 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)
	Up to 5dB (Depending on beam directions)

	
	Interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.  due to inter-sector interference (Note 1)
	-82dBm to -97dBm (Varies depending on scheduled beam directions)

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

	
	Interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.  due to both inter-sector and self-interference (Note 1) (as captured in self-interference RSIC table)
	-82 dBm to -96.3 dBm (Varies depending on scheduled beam directions)

	
	RF IC and other tech. (before LNA)
	Analogue supression in TX sub-band of inter-sector  = ⑤ dBc
	0 dBc

	
	
	Analogue supression in RX sub-band of inter-sector  = ⑧ dBc
	0 dBc

	
	
	RF IC techniques and other tech.
(before LNA)
	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
	0 dBc

	
	Interference signal in gNB TX subband, measured at the input of LNA (Note 1) due to inter-sector interference
	-37dBm to -52dBm (Varies depending on scheduled beam directions)

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA (Note 1) due to self interference (as documented in the self-interference RSIC table)
	-45 dBm

	
	Total Interference signal in gNB TX subband, measured at the input of LNA  (Note 1) 
	-36.6dBm to -44.2 dBm (Varies depending on scheduled beam directions)

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	0 dBc

	
	
	Frequency isolation techniques 
	

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-17.6 dBm

	
	
	
	Rx IM3 contribution due to inter-sector interference only (dBm)
	-75.8 to -120.8dBm (Varies depending on scheduled beam directions)

	
	
	
	Rx IM3 contribution due to self interference only (dBm)
	-100 dBm

	
	
	
	Rx IM3 contribution due to total RX power (self-interference + inter-sector) (dBm)
	-74.6 to -97.4dBm (Varies depending on scheduled beam directions)

	
	
	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.

	
	Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized due to inter-sector-interference only 
(Note 1, 2)
	-74.8 to -120.8dBm (Varies depending on scheduled beam directions)

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized due to self-interference only (as quoted in self-interference RSIC table)
(Note 1, 2)
	-100 dBm

	
	Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized due to total interference (as quoted in self-interference RSIC table)
(Note 1, 2)
	-74.6 to -97.4dBm (Varies depending on scheduled beam directions)

	
	Digital processing interference supression capability
	10-15dB TX self-interference

	Total desensitization when considering self-interference only
	0.5 dB

	Total desensitization when considering total self- and inter-sector interference
	1.5  to 15dB (Depending on beam direction)

	Overall RSIC capability  (Note 1) when considering self-interference only
	134 dB

	Overall RSIC capability  (Note 1) when considering self-interference and inter-sector interference
	110 – 129 dBc  (Depending on scheduled beam directions)

	Noise floor ⑩dBm
	-90 dBm/CBW

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

	Required RSIC budget (①-⑪dBc)
	131 dBc

	SBFD configuration
	40-20-40

	Guardband assumption (if exist)
	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.



4.5 FR2
Estimates of the impact of inter-sector interference on an FR2 BS are presented below. In the presence of inter-sector interference, TX leakage and RX distortion will often cause large degradations, except for certain “lucky” beam directions where interference from the other sectors is mitigated.


	FR1 (or FR2-1)
	Company-A

	BS class
	30dBm TRP
	35dBm TRP

	BS TX Power  = ① dBm
	30 dBm
	

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

	
	
	Frequency isolation 
techniques used
	e.g., DPD, sub-band analog filtering, digital filtering, etc.
Note: List all relevant techniques used in TX
	

	
	Spatial isolation
	Co-channel Co-site Inter-sector 
Spatial isolation capability 
 = ③  dBc
	75-98 dBc (depending on beam steering directions)
	

	
	
	Co-channel Co-site Inter-sector 
Spatial isolation 
techniques used
	Typical site deployment with 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)
	
	

	
	Interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.  due to inter-sector interference (Note 1)
	-70 to -93 dBm (depending on beam steering directions)
	

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.  due to self interference (Note 1)
(as captured in self-interference RSIC table)
	-88 dBm
	

	
	Interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.  due to both inter-sector and self-interference (Note 1) (as captured in self-interference RSIC table)
	-70 to  -92 dBm
	

	
	RF IC and other tech. (before LNA)
	Analogue supression in TX sub-band of inter-sector  = ⑤ dBc
	0 dBc
	

	
	
	Analogue supression in RX sub-band of inter-sector  = ⑧ dBc
	0 dBc
	

	
	
	RF IC techniques and other tech.
(before LNA)
	e.g., RF IC, sub-band filtering etc.
Note: List all relevant techniques used in RX (before LNA)
	

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

	
	Interference signal in gNB TX subband, measured at the input of LNA (Note 1) due to inter-sector interference
	-42 dBm to -65 dBm
	

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA (Note 1) due to self interference (as documented in the self-interference RSIC table)
	-60 dBm
	

	
	Total Interference signal in gNB TX subband, measured at the input of LNA  (Note 1) 
	-42 to -59 dBm
	

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	0 dBc
	

	
	
	Frequency isolation techniques 
	e.g., sub-band analog filtering, digital filtering, etc.
Note: List all relevant techniques used in RX
	

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-35 dBm
	

	
	
	
	Rx IM3 contribution due to inter-sector interference only (dBm)
	-56 dBm to -125 dBm
	

	
	
	
	Rx IM3 contribution due to self interference only (dBm)
	-110 dBm
	

	
	
	
	Rx IM3 contribution due to total RX power (self-interference + inter-sector) (dBm)
	-56 dBm to -107 dBm
	

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

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized due to self-interference only (as quoted in self-interference RSIC table)
(Note 1, 2)
	-110 dBm
	

	
	Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized due to total interference (as quoted in self-interference RSIC table)
(Note 1, 2)
	-56 dBm to -107 dBm
	

	
	Digital processing interference supression capability
	10dBc on self-interference TX
	

	Total desensitization when considering self-interference only
	0.4 dB
	

	Total desensitization when considering total self- and inter-sector interference
	1.2 to 32 dB (Depending on beam direction)
	

	Overall RSIC capability  (Note 1) when considering self- interference only
	-97 dB
	

	Overall RSIC capability  (Note 1) when considering self-interference and inter-sector interference
	85 to 122 dBc
	

	Noise floor ⑩dBm
	-87 dBm/CBW
	

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

	Required RSIC budget (①-⑪dBc)
	123 dBc
	

	SBFD configuration
	
	

	Guardband assumption (if exist)
	
	

	bandwidth over which suppression is achieved
	
	

	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.
	



5	BS requirements for SBFD

During previous meetings, it has been agreed that a requirement on OTA sensitivity during SBFD slots would be required. The OTA sensitivity should obviously be specified with transmission occurring in downlink sub-bands at maximum output power in order to properly regulate the self-interference suppression. The wanted signal may be increased compared to sensitivity in non-SBFD slots. A value of 1dB has been taken during the Study Item. One issue to consider further is that in a real deployment, further desensitization will occur due to interference from other sectors, sites and operators. Whether this additional desensitization should be accounted for in addition to 1dB from self-interference, or the self-interference target should be set with some margin for additional degradation from other sites or sectors should be discussed further during a WI phase.

[bookmark: _Toc131964748]During a WI phase, there is a need to discuss whether all of a 1dB sensitivity degradation should be used for self-interference (so then inter-site and sector degradations come on top), or whether some margin of the 1dB should be considered for inter-site and inter-sector interference.

Since RAN4 requirements and conformance tests are specified at node level, requirements will not be directly specified on inter-site or inter-sector interference. However, it could be possible to specify requirements with an additional interference source creating additional power in the DL sub-bands to model other interference.

[bookmark: _Toc131964749]RAN4 should consider whether to add an interferer to the SBFD OTA sensitivity test to test inter-sector/inter-site interference suppression.

There has been some discussion on whether requirements on inter-sub-band emissions suppression and inter-sub-band selectivity should be specified. As far as self-interference suppression is concerned, additional requirements on sub-band emissions and selectivity are not needed, since a requirement on OTA sensitivity in SBFD slots would capture all inter-sub-band effects.

[bookmark: _Toc131964750]When considering self-interference only, inter-sub-band emissions and selectivity requirements are redundant if an SBFD OTA sensitivity requirement is defined.

However, when considering inter-sector, and in particular inter-site interference, the sub-band emissions suppression and selectivity are relevant, because additional techniques such as interference cancellation cannot be applied between sites. Thus, in our view, sub-band related requirements should be considered for ensuring proper behavior in regard to inter-site interference. 

[bookmark: _Toc131964751]Inter-sub-band emissions and selectivity requirements are relevant for regulating the impact to SBFD operation from other sites an sectors.

In case OTA sensitivity is defined with an additional interference source to account for inter-site and inter-sector interference, then a requirement on sub-band selectivity may not be needed, because the OTA sensitivity test will implicitly capture the selectivity. Still a requirement on TX sub-band emissions into the RX sub band may be needed, since this is not captured in an OTA sensitivity test and would impact inter-site performance.

[bookmark: _Toc131964752]Potentially the need for an inter-sub-band selectivity requirement could be mitigated if the (average) power from other sectors/sites would be added in the OTA sensitivity test.


Conclusion
In the previous sections we made the following observations: 
Observation 1	The use of filters in the early statges of the RF chain to improve IIP3 would cause a large increase in power consumption, size and weight and a decrease in the level of integration possible. Also the filtering would need to be tuned to a specific carrier and so would need to be operator specific and hardware inflexible.
Observation 2	A “1dB criterion” for inter-sector interference would be on top of the self-interference.
Observation 3	The receiver related distortion depends on the total input power to the receiver, including both self-interference and inter-sector interference.
Observation 4	It is not possible to consider inter-sector receiver interference independently from self-interference.
Observation 5	For the proposed inter-sector table, it may discussed whether the term “RSIC” is the right one.
Observation 6	During a WI phase, there is a need to discuss whether all of a 1dB sensitivity degradation should be used for self-interference (so then inter-site and sector degradations come on top), or whether some margin of the 1dB should be considered for inter-site and inter-sector interference.
Observation 7	RAN4 should consider whether to add an interferer to the SBFD OTA sensitivity test to test inter-sector/inter-site interference suppression.
Observation 8	When considering self-interference only, inter-sub-band emissions and selectivity requirements are redundant if an SBFD OTA sensitivity requirement is defined.
Observation 9	Inter-sub-band emissions and selectivity requirements are relevant for regulating the impact to SBFD operation from other sites an sectors.
Observation 10	Potentially the need for an inter-sub-band selectivity requirement could be mitigated if the (average) power from other sectors/sites would be added in the OTA sensitivity test.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Capture the range of interference levels/desensitization due to inter-sector interference (together with self-interference) under relevant assumptions.
Proposal 2	The impact of (i) self-interference only and of (ii) combined self-interference+inter-sector interference should be evaluated. The impact of inter-sector interference could be interpreted as (ii) – (i).
 


[bookmark: _In-sequence_SDU_delivery]References
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