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1	Introduction
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 10.1 on background for analysis. The proposed text, which is applicable for both FR1 and FR2, aims to outline in general terms the RSIC and inter-sector co-channel interference tables and their use as well as some of the issues that are considered for the feasibility in general terms.
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10.1 Background for analysis
Editor's note: This section captures the overall description of all potential approaches and key enablers for SBFD
In an SBFD system, the receiver in the uplink sub-band potentially experiences interference from multiple sources. These sources include:

· The basestations own transmitter transmitting in the downlink sub-blocks
· Other sectors transmitting in the downlink sub-blocks and potentially in the uplink sub-blocks
· Other basestations of the same operator transmitting in the downlink sub-blocks and potentially the uplink sub-blocks
· Other operators basestations transmitting on other carriers within the same band

Throughout the study, it is assumed that all other sectors and other basestations belonging to the same operator do not transmit in the uplink sub-block during SBFD slots, that is, that SBFD is deployed in all sectors and sites and the SBFD configuration is the same in all sectors and sites. The case where SBFD is not deployed at all sites or SBFD configurations could differ has not been examined as part of the study.
Self-interference has been assessed using a framework named as “Residual Self Interference Calculation”, RSIC in a table. It is important to take into account that although the table is a useful and convenient means to break down the analysis of self-interference mitigation steps for the purposes of proposing an overall self-interference mitigation solution, the table should be interpreted with care. The individual components in the table are not independent of one another and are not independent of the total TX power level and RX parameters. Although the table expresses the interference suppression as a dB value, the dB interference suppression would change for other TX power or RX sensitivity levels. Thus, the values in the table should not be seen as a generic approach to scaling interference, but rather as a breakdown of how the SBFD may operate under a certain set of assumptions that is used to visualize how the analysis of feasibility has been worked out.
Furthermore, the analysis assumes that the behavior of the radio transmitters and receivers is exactly the same and that the level of isolation between the TX panel and each RX sub-array is the same. In reality, this will not be the case, both due to production variations between radios and deviations in the exact level of isolation between TX and RX. Some transceivers may perform better and others worse. The RSIC table should be seen as an overall example of the distribution of interference mitigation performances, but not an exact calculation.
An obvious baseline for assessing the radio performance is a transmitter / receiver performance that just meets RAN4 minimum requirements. However, it is to be expected that to a reasonable extent the performance could be extended beyond the minimum needed for meeting for 3GPP requirements and thus examples are provided considering both the baseline and some improvement. The associated complexity of improvement should be considered.
It is of particular importance to note that the antenna isolation can vary depending on the beam direction although this variation with beam direction may reduce after beam nulling is applied. The figures presented in the tables are “typical”. For “good” beam directions, the residual interference may be reduced. However, there may be other beam steering directions for which the power may greater than used in these estimates. Individual RSIC descriptions capture the extent of expected variation with beam direction.
The impact of and ability to suppress inter-sector interference is captured in a similar manner to the self-interference cancellation with a table termed the co-channel co-site inter-sector interference table. The same considerations apply to the table, i.e., it provides a useful insight into how the feasibility is assessed, but it should be borne in mind that the different factors in the table are not independent, and that the suppression is dependent on the power level.
The impact of interference between different gNBs on the same SBFD carrier at other sites is not considered as part of the RAN4 study on feasibility. However, RAN4 have advised RAN1 on how to consider inter-subband leakage and the receiver blocking model and RAN1 then consider the impact of such interference as a performance issue.
The impact of interference from other operators may be considered by RAN1 in the performance assessment and is considered by RAN4 as part of the co-existence study.
The downlink sub-band transmissions can impact the performance in the uplink sub-bands by two basic mechanisms:
· Unwanted emissions from the downlink sub-bands occur at frequencies corresponding to the uplink sub-band and cause interference. The impacts of such effects are described qualitatively below and assessed quantitatively in subsequent sections.
· A high downlink power from the downlink sub-bands passing through the uplink receiver can induce interference in the uplink sub-band due to non-linearities in the RF. The impacts of such effects are described qualitatively below and assessed quantitatively in subsequent sections.

When considering the RSIC for self-interference and inter-sector interference, the following aspects have been considered:

Antenna isolation
For self-interference suppression, isolation between the transmitter and receiver antennas can be used to reduce both the transmitter leakage power transferred to the uplink sub-band and the power level of the TX sub-band signals that must be handled by the receiver. The antenna isolation may be impacted by the beamforming applied at both the transmitter and receiver. 
In the first instance, physical distance between the transmitter and receiver sub-arrays produces isolation. The isolation can be significantly increased by means of isolation structures, isolating materials and/or RF chokes.
The antenna isolation needs to be achieved over at least a bandwidth covering all of the carriers that the basestation transmits. Since BS hardware is generally built with the ability to configure or re-configure carriers within the 3GPP band(s) or sub-band(s) covered by the BS, and only applies analogue filtering to suppress the transmitter outside of the band(s) then the isolation may need to be achieved between a TX carrier or sub-band anywhere within the 3GPP (sub-)band(s) transmitted by the BS and the UL sub-band.
Inter-sector interference occurs due to propagation of side/grating lobes and backlobes between sectors. The positioning of sectors is likely to be limited by site constraints. Potentially inter-sector isolation may be increased by increasing physical distance between sectors  or by means of adding isolation materials (which may depend on factors such as weight, wind-load, weather resistance etc.). 

TX beam nulling
SBFD assumes an AAS array at the BS with a large antenna array. The degrees of freedom available from the array can be used for steering transmitter nulls towards the receive sub-panel, such that the transmitter leakage to the receiver is reduced. A cost of applying TX beam nulling can be that the EIRP towards downlink users is reduced, and possibly that downlink MIMO performance is impacted. The RSIC analysis provides details of additional isolation achieved and the downlink impact of the TX beam nulling.

Suppression of transmitter leakage (frequency isolation)
The unwanted emissions from the transmitter that fall into the receiver sub-band arise from the spectral widening of the OFDM signal and from intermodulation products in the transmitter RF. Spectrum widening of the OFDM signal can be managed by means of digital filtering. Non-linearity in the transmitter RF chain is typically mitigated by techniques including Crest Factor Reduction (CFR) and Digital Pre-Distortion (DPD). Using these techniques, the interference in the UL sub-band due to transmitter leakage can be suppressed. The amount of suppression is captured in the RSIC tables.

Analogue interference cancellation
Analogue interference cancellation refers to techniques that involve capture of the transmitted signal in the downlink (including both the DL sub-bands and potentially also the leakage signal to the UL sub-band at the transmitter) and feedback to and removal from the received signal. This can involve both cancellation of the leakage signal in the UL sub-band and removal of the signal in the downlink sub-band in order to reduce the total power entering the analogue receive chain.
The analogue cancellation theoretically requires feedback from every transmitter to every receiver, although techniques have been proposed that reduce the number of TX-RX paths that need to be implemented. The feedback needs to take into account the coupling between the TX and RX (S parameters), any filtering or other processing that take place in between the TX capture and RX cancellation points and any impact of scattering or reflections from the environment around the basestation.

Digital interference cancellation
Digital interference cancellation refers to the use of digital processing to remove interference in the uplink sub-bands. Digital processing can refer to several different techniques. One technique is to capture and sample the leakage from the transmitter in order to subtract the leakage signal in the digital domain at the receiver. In this case, the impact of coupling within the array, receiver RF and scattering / reflection needs to be modelled in the cancellation signal. The complexity of such cancellation increases as a product of the number of transmitters and number of receivers. Digital cancellation of this type can attenuate transmitter interference but cannot reduce the magnitude of the TX signal entering the receiver RF analogue front end.
Another type of digital processing is the use of the receiver equalization and combining to mitigate interference due to the transmitter, potentially including the leakage signal and non-linearities created within the receiver. A channel estimate is needed for the wanted received signal. For the interference components, it may be possible to estimate the characteristics of the coupling and distortions between transmitter and receiver. Alternatively, co-variance estimations of the interference can be used in the receiver equalization processing. The receiver algorithm should aim to maximize SINR at the receiver.
One limiting factor for digital processing is obtaining channel estimates for the wanted signal. Channel estimates are needed for each receiver branch prior to combining. Thus, even if a large gain is achievable due to receiver MMSE combining, the SINR at individual receivers must be large enough to obtain good enough quality channel estimates.

Receive beamforming
The receiver beamforming can be used to steer nulls towards sources of interference, such as the transmitter or other sectors. The process of receiver beamforming is implicitly captured in the receiver MMSE combining as described above. The receiver combining will aim to maximize RX SINR by means of optimizing the beamforming gain towards the wanted signal and rejection towards interferers.

Receiver linearity performance
The receiver analogue chain contains RF imperfections. For a large input signal, the receive chain may be driven towards compression and create intermodulation products. The self-interference signal from the transmitter (and other nearby sectors) is a high-power signal that enters the receiver and can cause such effects.
Several approaches may be considered to mitigate the impact of receiver non-linearity, each of which will have trade-offs. One possibility is to use components, in particular LNAs with an increased linearity. This will mitigate receiver non-linearity behaviors at a cost of some increase in energy consumption and potentially size. A second possibility is to use automatic gain control to reduce the receiver gain and hence the magnitude of the received signals. Reduction of gain will increase the receiver noise figure, and so careful consideration is needed on the balance between mitigating RX interference and increasing the noise figure (which decreases coverage). 
A further possibility is the use of filtering before or within the RF front end. Filtering prior to the LNA or in the first stages of the receiver chain that filters out the downlink power from the transmitter can reduce interference. There may be drawbacks from filtering such as filter insertion loss, which can increase noise figure. The need to be specifically tuned to the RF frequency of the UL sub-band and impacts to size and integration. More analysis of filtering solutions is provided in the feasibility sub-sections. Filtering further down the chain, such as between LNA stages has less impact on noise figure but requires early stages of the RX chain to have high linearity. 
The RSIC tables present estimates of linearity performance considering the advantages and disadvantages of mitigation approaches.

Phase noise
Phase noise in the receiver can lead to interference. Reciprocal mixing of receiver phase noise on a high-power signal in the DL sub-band can cause interference into an UL sub-band. The impact of phase noise is only likely to be significant if phase noise is high and the DL signal is received at very high power.

Other considerations
Another factor that can impact the self- and inter-sector interference suppression can be the dynamic range of the ADC in the receiver. The dynamic range of the ADC needs to be sufficient to accommodate both the TX signal in the DL sub-band and the lower power RX signal in the UL sub-band. It is generally straightforward to reduce the signal power in the TX sub-band by means of filtering at an intermediate frequency immediately prior to the ADC and so ADC dynamic range is not seen as a problem. (A more advanced solution could be needed for direct conversion receiver architectures).

