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1	Introduction
The Rel-18 study item on evolution of NR duplex operation contains the following list of objectives, with the RAN1 objectives highlighted in yellow. The text highlighted in green emphasizes that input is needed from RAN4 to facilitate the RAN1 study objectives.The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.

In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges

The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).

Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 


Since the benefits of subband full duplex (SBFD) depend on careful antenna and hardware design, it is important to evaluate performance with proper models in place that capture practical effects to the largest extent possible. In this paper, we discuss some key aspects of radio and antenna modeling that need to be considered in the study both on the gNB and UE sides, and we summarizing the type of input needed from RAN4 to facilitate the RAN1 study objectives.
Of particular importance is the modelling of self-interference in the gNB. In order to study self-interference mitigation, detailed link-level evaluations are required. To evaluate the realistic potential of self-interference cancellation, interference with the correct structure (time and frequency domains) and correct levels needs to be generated in a link simulator. This will require input from RAN4 on appropriate hardware models.
2	Radio and Antenna Modeling
2.1	gNB Modeling 
2.1.1	gNB Transmitter
During SBFD slots (simultaneous DL transmission and uplink reception), the gNB transmitter would generate DL NR waveforms that are situated adjacent with small guard to the UL RBs. For example, with a DL-UL-DL configuration of the non-overlapping subbands, the  gNB transmitter would generate DL NR waveforms on either side of the UL RBs. The digital and RF components in the transmitter chain will cause transmitter energy to be present across the UL RBs (i.e. adjacent to the transmitted RBs) in the form of unwanted emissions consisting of multiple impairments in the transmitter e.g. PA non-linearities. Although TX/RX antenna isolation solutions can to some extent suppress the power from these emissions, the power level of the emissions still needs to be suppressed sufficiently to avoid that the emissions power causes desensitization of the UL receiver. Even after suppression of the unwanted emissions, there may still be a need for further interference cancellation techniques in the UL receiver to further reduce the desensitization.

The degree to which transmitter unwanted emissions can be suppressed and cancelled is critical to achieving gains using SBFD, since desensitizing the receiver for SBFD UEs will reduce or eliminate the usefulness of the additional UL transmission opportunities. It is thus of key importance that the processes generating the unwanted emissions are properly modelled so that the feasibility of achieving sufficient suppression and cancellation with a real implementation is properly characterized.

Processes within the transmitter chain that cause emissions to the UL RBs include the following:
· Before conversion to an analog signal, digital filtering is used to confine the transmitted signal to be within the allocated RBs. This is needed because the OFDM waveform intrinsically contains energy at multiples of the FFT frequency points outside of the allocated spectrum. Design of the spectral confinement filters must take into account several factors, including the amount of suppression needed, the group delay caused by the filtering, the complexity (amount of taps), delay and cost of the filters in digital hardware implementation and in-band effects such as ripple caused by the filtering. Due to the need to trade-off these factors, the filtering will not be perfect and some amount of guard will be needed between the DL and UL resource blocks.
· The peak to average power ratio (PAPR) of the transmit signal must be managed in order that the analog PA can operate efficiently without large backoff and meeting linearity requirements. To achieve this, so-called crest factor reduction (CFR) of the transmit signal is applied in the digital domain, which basically involves clipping of large samples. Clipping is a non-linear function, and thus has the effect of generating distortion both inside and outside the bandwidth of the wanted signal. This is filtered in the digital domain in order to confine the clipping distortion in the adjacent channels and not contribute to increase of unwanted emissions that face stringent requirements. Note that the unwanted emission requirements are regulated by different administrations and shall be fulfilled under all circumstances.
· The digital signal must be converted to an analog waveform by means of digital to analog conversion. The D/A conversion process introduces further D/A quantization noise which will be amplified through the PA and leads to increased transmitter noise floor. In addition, thermal noise floor of the transmitter need to be considered. The noise floor will impact the energy transmitted in the UL RBs.
· The last stage of the analog processing is the amplification of the transmit signal using a power amplifier (PA). The PA will generate intermodulation products due to not having ideal linearity, which will fall into the UL RBs. There is a trade-off between operating the PA close to its maximum power for efficiency and the linearity of the PA. In order to optimize power consumption, techniques known as Digital Pre-distortion (DPD), which condition the input signal to the PA in order to counteract the PA non-linearities are applied in modern BS transmitters. A model is needed of the total net effect of PA and DPD.
· The oscillators, used for frequency conversion, in the analog chain will introduce phase noise (PN). PN needs to be modelled in order that the real-world performance of cancellation techniques can be properly assessed with a real signal.

Modelling is needed for all of the above mentioned effects. For assessing the level of emissions, models that generate power levels are sufficient, e.g., in system simulations. However, to assess self-interference cancellation algorithms, a more detailed representation of frequency and phase variation of the residual distortion is essential for a realistic assessment of the performance at link level. This is important also to determine positive and negative interference patterns occurring in the receiver antenna array due to multiple transmit antennas, which may affect the performance on an individual basis in the different receivers.

2.1.1.1	Initial example of modelling implementation for link level studies
In our companion paper [1], we provide some example implementations for the transmitter models discussed in the above that are suitable for link level studies. We consider the following:
· Model of non-linear PA based on a generalized memory polynomial (GMP)
· Model of digital pre-distortion (DPD) based on a GMP
· Net effect model of DPD and PA based on a GMP
· Simplified model of crest factor reduction (CFR) prior to DPD to enable an efficient operating point of the PA. The simplified model consists of hard clipping of the signal peaks followed by digital filtering to constrain the spectrum.
The spectrum of the resulting DL transmit signal that that takes into account the net effect of the above models is shown in Figure 1 (purple curve). The blue curve is spectrum prior to DPD, and PA. The operating point is such that the the DL transmit signal complies with the RAN4 requiremnet on ACLR (-45 dBc).
[bookmark: _Hlk102041187] [image: ]
[bookmark: _Ref101539467]Figure 1: Example of spectra of OFDM signals with CFR processing (mean sample power = -10.4 dB).
In order to generate the spectrum of the above DL transmit signal in link simulation, we implemented a simplified gNB transmit chain as shown in Figure 2. Representing the various non-linearities in the transmit chain faithfully is essential to studying the impact of gNB self interference cancellation as well as gNB-gNB cross link interference for both SBFD and dynamic TDD. This is vital since both intra-operator and inter-operator CLI is due to spectral leakage, both inter-subband, and an inter-channel, due to these non-linearities. 
[image: ]
[bookmark: _Ref101881527]Figure 2: Summary of initial example of gNB transmitter modeling
While we have demonstrated how the net effect of CFR, DPD, and PA can be modelled above, ultimately such models will need to be discussed and agreed in RAN4.
[bookmark: _Toc102127479][bookmark: _Toc102127699][bookmark: _Toc102143744][bookmark: _Toc102143765][bookmark: _Toc102151259][bookmark: _Toc102155498][bookmark: _Toc102159324][bookmark: _Toc102159445][bookmark: _Hlk102061643][bookmark: _Toc102139944]Feedback is required from RAN4 on a net effect model that captures the essential behaviours of a realistic DPD and PA combination with -45 dBc ACLR compliance.
[bookmark: _Toc102127480][bookmark: _Toc102127700][bookmark: _Toc102143745][bookmark: _Toc102143766][bookmark: _Toc102151260][bookmark: _Toc102155499][bookmark: _Toc102159325][bookmark: _Toc102159446][bookmark: _Toc102139945]Feedback is required from RAN4 on a simple crest factor processing model, e.g., hard clipping, that captures the essential behaviours of a BS design to increase transmit power.
2.1.2	gNB Antenna Modeling
The feasibility and performance of a suitable antenna structure that can achieve significant isolation between transmitted DL and received UL signals in SBFD slots is a key consideration for assessment. Firstly, it is necessary to assume an up-to-date and relevant baseline model that corresponds to a typical antenna array implementation in a state of the art basestation. Recently, the antenna model in TR 38.803 has been extended in order to properly model sub-array based array implementations. We propose that the model, considering sub-array based design and together with the antenna parameters agreed for the frequency range 1710-4990 MHz are used as a baseline for the SBFD study.

To create a model for a SBFD base-station, a modelling of the structure used for achieving TX/RX isolation is needed. The isolation structure may have two aspects to consider from a system behaviour perspective. Firstly, the relationship between the achieved isolation and the TX and RX beam directions (over steering range of the antenna array) needs to be understood and modelled, as there is the possibility that the isolation may vary significantly depending on beam direction. In addition, isolation to the different RX antennas may vary for the different sources of emission, effectively creating wavelength dependent interference patterns over the RX antenna array. Secondly, it should be investigated and understood whether the isolation structure has any impact on the TX and RX far field beam patterns, as this would impact the gain evaluations.

The needed isolation between RX and TX will depend on the deployment and the power levels. For FR1, high power deployments above the roof-top result in largest dynamic range considering transmitter with TRP of ~50 dBm and EIRP of ~80 dBm. This is quite common in current deployments, and the needed isolation can be 80 dB or larger, since for such deployments the sensitivity requirements due to UL coverage are quite stringent. For below the roof-top or small cell deployments not only the transmit powers are lower but also the receiver sensitivity is relaxed implying much lower dynamic range compared above the roof top. The needed isolation for different deployments and the feasibility of achieving the needed isolation need to be studied in detail. 

In order to study feasibility of SBFD, it is necessary to consider interference cancellation algorithms on the RX side. The RX interference is created by coupling to a large set of TX sub-arrays, and in order to properly assess the complexity and gain of interference cancellation algorithms, it is necessary to capture the signal structure accurately. For this reason, a model is also needed that captures the gain and phase contributions for each of the TX/RX sub-array couplings for link level simulation.

Apart from modelling of the intra-gNB antenna interactions, it is also of importance to consider achievable isolation at site level. For a 3 sector site, backlobes from other sectors can cause interference towards a SBFD receiver. The suppression of the backlobes may cause degradation of the SBFD receiver sensitivity. For AAS, the backlobe impact to other sectors may depend on TX and RX beam directions. It is possible that the backlobe coupling may be lower for AAS BS than for passive antennas. In addition to other sectors, if other operators are co-located at the same site then a model of the coupling loss between other operators BS and SBFD BS is needed. This is in particular the case if the other operators are not operating SBFD. 

2.1.2.1	Initial example of self-inteference channel modelling implementation for link level studies
The total self-interference on RX port  originating from TX ports  can be modeled as tapped delay lines,


where  and  are the transmitted and received signals, respectively, at time sample , where  is the complex channel coefficient for tap  and where  is the propagation delay for tap . 

As discussed above, the gNB antenna system may be equipped with sub-arrays in accordance with Section 5.2.3.2.4 of TR 38.803 v14.3.0 [3], in which case the individual elements within a TX or RX sub-array are assumed to be connected via fixed (complex-valued) weights, and each TX model chain in Section 2.1.1.1 is used to drive one sub-array. One can then let each TX or RX port in the sefl-interference channel model represent one sub-array as illustrated in Figure 3. This reduces channel model computational complexity and can also allow for capturing of non-linear coupling effects between elements within a sub-array if needed. 

[bookmark: _Toc102139946]The self-interference channel can be modeled as a set of tapped delay lines directly from TX sub-array ports to RX sub-array ports.

[image: ]
[bookmark: _Ref101883981][bookmark: _Ref101883966]Figure 3: Illustration of self-interference channel modeling for panels with sub-arrays

[bookmark: _Hlk101872549]Appropriate values for the channel coefficents and delays remain to be determined. There may be contributions both from direct propagation from TX ports to RX ports and from reflections from the environment. For the direct propagation path, it is crucial that the channel coefficients are based on realistic setups supported by real measuerements or high-fidelity electromagnetic (EM) evaluations. For example, one needs to capture the fact that RX ports closer to the TX panel may have lower isolation than those farther apart, and that the channel coefficients may be frequency dependent. 

[bookmark: _Toc102139947]Self-interference channel coefficients should be based on realistic setups supported by real measuerements or high-fidelity electromagnetic (EM) evaluations. This needs to be discussed in RAN4

2.1.3	gNB Receiver
Similarly to the transmitter, the operation of the radio within the gNB receiver will have an impact on the noise floor and sensitivity of the receiver chain. It is similarly important to model these effects in order that the receiver contributions to the overall UL link budget and gains are understood, and in order that receiver radio effects are captured in sufficient detail that the feasibility and efficiency of interference cancellation can be properly established.

Of particular relevance to the receiver is that, since the receiver must be able to be configured to different carrier frequencies within the band, and also since the receiver must be able to receive both full UL slots and an UL subband in SBFD slots, the analog front end of the receiver will experience both residue of the DL PRB:s and the received UL signal during SBFD slots. The DL PRB:s will be subject to TX to RX antenna suppression, but unlike transmitter noise leakage in the UL resource blocks, the DL carriers are not subject to any ACLR suppression. This will lead to a receive signal structure consisting of relatively high power signals coming into the receiver on the DL PRBs and for most cases a lower power RX signal from the UL RBs. The analog receiver must, even in the presence of the strong DL PRB:s pass the UL signal to the digital domain without significantly degrading the receiver noise floor implying linear operation without going to compression in any part. The impact of the mixture of large and small power signals must be modelled and understood in order to provide a proper input to system simulations of the receiver noise floor behavior. 

Processes within the receiver that can impact the UL receiver sensitivity and should be considered include:
· The receiver will have a finite dynamic range (i.e., the difference between the largest power input signal and lowest power input signal). The power difference between the interferer level from the DL part and the UL receive signal needs to be within the dynamic range capability of the receiver to avoid degradations.
· In order for the receiver to operate within the dynamic range of the ADC when receiving a strong signal level, the receiver may operate an automatic gain control (AGC), which scales down the gain of the receiver, for instance the LNA and baseband. Scaling down the receiver gain will lead to an increase in the receiver noise figure, which will degrade the sensitivity. The behavior of AGC and it’s impact on the receiver noise floor depending on input signal levels needs to be understood and modelled.
· To further suppress power from the DL interferer (SBFD DL PRB:s) from reaching the ADC, analog filtering in the receiver might be needed. The feasibility of the needed analog filtering needs to be studied and understood by considering, for example, aspects such as the realization complexity and subband configuration flexibility.
· Digital filtering is needed to separate the UL receive RBs from the DL carrier in the digital domain. The filters need to trade off complexity, filter length, group delay, ripple etc. and will impact the characteristics of the receive signal. The impact of the filtering may impact the performance of digital cancellation algorithms and link level receiver performance. Also, some guard band between the DL and UL parts is likely to be needed, depending on the filter assumptions.
· The receiver needs to amplify the received signal using a Low Noise Amplifier (LNA). The LNA will, like any amplifier have some degree of non-linearity. If the DL interference signal has a significantly larger power than the UL receive signal then IM distortion from the DL part will arise in the UL receive band due to non-linearity in the receiver chain which is characterized by input third order intercept point. In order to characterize the noise floor and to properly model the signal that should be subject to interference cancellation, a suitable model for the receiver chain non-linearity should be used. 
· The receiver may contain frequency mixer stages as part of downconversion. These also may create IM products, causing noise in the UL receive RBs due to the higher power DL part of the signal.
· The receiver phase noise will be subject to reciprocal mixing of phase noise with the higher power DL signal at low guard, which will lead to superposition of the phase noise o DL PRB:s and leak without filtering in the UL RBs that are to be received. A modelling of the phase noise and reciprocal mixing characteristics is needed since this impacts the noise level and the nature of interference in the UL. 
[bookmark: _Hlk102040088]To exemplify a single and simple receiver parameter, a 3GPP compliant wide area BS (high power BS for above the roof top deployment) must have the capability of receiving an interfering signal of -52 dBm in adjacent channel while degrading the receiver sensitivity by no more than 6 dB according to RAN4 BS specifications. Considering a gNB implementing SBFD, a transmitter with 50 dBm TRP and an assumed 80 dB of antenna isolation would result in interferer level induced by DL PRB:s in SBFD corresponding to -30 dBm which is significantly higher than a standard compliant spec could handle. Maintaining the noise floor and sensitivity would require ~20 dB additional reduction of the interferer level. The consequence of high interference level is either high sensitivity degradation than the RAN4 spec currently allows or the receiver being blocked or saturated. 

Based on this discussion, the studies and modelling of the gNB receiver for an SBFD system is equally important as for the transmitter side.

[bookmark: _Toc102139948]The gNB receiver in an SBFD system needs to be carefully studied and modelled with respect to various aspects such as selectivity, linearity etc. This requires discussion in RAN4

2.2	UE Modeling 
In the following two subsections, we discuss current RAN4 requirements on emissions (ACLR and SEM) and selectivity (ACS) that can be used together to determine the power levels of UE-UE CLI when also accounting for pathloss between a pair of UEs. We discuss these both in the context of an intra-operator case where the UE-UE CLI is between subbands within the same carrier and also the inter-operator case where the UE-UE CLI is between different carriers.
2.2.1	UE Transmitter
The UE transmit and receive requirements in RAN4 were developed based on conventional UL scenarios in which all receivers, whether intended or victim are at basestations. For wide area BS, this implies a substantial minimum distance and coupling loss between the BS receiver and the UE, whilst when within a small BS deployment, UEs are not expected to transmit at maximum power.
For SBFD, UEs will transmit in RBs around the centre of the carrier within a DL slot and may be in close proximity to other UEs that are receiving DL. This scenario necessitates an investigation of interference to DL users during SBFD slots and towards other operators, whose UEs will be receiving DL.
A UE transmitter will generate unwanted emissions that will fall onto RBs carrying DL and can cause interference. Currently, UE unwanted emissions requirements are regulated in three ways. 
· The Spectrum Emissions Mask (SEM) provides an upper limit to emissions Power Spectral Density (PSD) outside of the transmitted carrier, regardless of the UE output power. The SEM presents a worst case for the unwanted emissions levels. For frequency offsets further away from the carrier, the PSD is -25 dBm/MHz, but this is likely to be pessimistic compared to real emissions from a UE.
· The Adjacent Channel Leakage Ratio (ACLR) limits the ratio of power on the carrier to power immediately adjacent to the carrier
· The In-Band Emissions (IBE) limit the unwanted emissions power within the carrier on RBs that are not allocated to the UE. The IBE depends on a number of factors, but is of a similar order of magnitude to the ACLR.
Which requirement applies and which part of the requirement depends on the configuration of the UE; for example whether the UL RBs for SBFD operation are configured as a separate carrier or as a subband of a wider carrier. 
Further investigation is needed ot how to apply the requirements and whether the requirements are sufficient to avoid UE-UE CLI.
As a quantitative example, an FR1 scenario is considered:
· Band n78 (3300 – 3800 MHz)
· Total bandwidth of SBFD carrier is 100 MHz
· During SBFD slots, UL transmission is in the central 20 MHz, surrounded by 40 MHz DL on either side
· Neighbor operator bandwidth is 100 MHz
· The UE is configured such that the 20 MHz transmission is handled as a 20 MHz carrier and adjacent channel emissions limits apply
Based on this scenario, the emissions towards the DL of other UEs of the same operator and towards the DL of other operators due to SBFD UE UL transmission can be estimated by assuming a UE that just meets RAN4 requirements.
2.2.1.1	Emissions towards the DL part of the SBFD operator
For the first 20 MHz on either side of the UL, the total power of the Spectrum Emissions Mask (SEM) adds up to around 1.5 dBm. However, the UE must meet an ACLR requirement of 30dB. This implies that if the UE meets the ACLR then the total emissions in the first 20 MHz of DL on either side of the 20 MHz UL will be -7 dBm for a PC3 (23 dBm) UE transmitting at full power. Obviously, the ACLR is more stringent than the SEM in this case and it can be assumed that the ACLR is met.
For the next 20 MHz on either side of the UL (20 MHz outer edges of the SBFD carrier) the separation from the UL transmission is 20 MHz. There is no ACLR limit in this case, but the SEM is -25 dBm/MHz, which translates to -12 dBm over the 20 MHz.
So the total emissions from an SBFD UE to the 40 MHz DL part of the carrier on either side is:
· Max -7 dBm in the first 20 MHz next to the UL transmission 
· Worst case -12 dBm in the second 20 MHz; i.e. the outer 20 MHz of the SBFD carrier
· Addition of the above results in approximately -6 dBm over the whole 40 MHz DL on each side of the SBFD carrier corresponding to a UE at full output power
2.2.1.2	Emissions towards the neighbor operator:
The neighbor operator is separated from the UL transmission by 40 MHz and has a 100 MHz bandwidth. The SEM in the RAN4 specificaiton is -25 dBm/MHz in this region, which adds up to -5 dBm in the 100 MHz carrier of the neighbor operator for a UE that just meets SEM. This is based on just meeting the RAN4 minimum SEM requirement and is likely pessimistic compared to real UE performance.
2.2.2	UE Receiver
The UE receiver requirements in RAN4 have been designed considering DL scenarios, in which the in-band receiver power is relatively similar over the whole channel bandwidth. Adjacent channel receive power can be larger than the wanted channel power if the UE is close to an aggressor basestation. However if the UE within a wide area network then there will be a significant minimum distance/coupling loss between the UE and the basestation, and with a low power BS the interference power will be lower.
A UE attempting to receive DL during an SBFD slot may experience a large interference signal if it is in proximity to a UE transmitting UL in the same SBFD slot. The UE blocking and selectivity requirements provide some indication as to the required rejection of such interferers by UEs. However, there is no RAN4 requirement on selectivity within the channel bandwidth.
An adjacent operator UE may also experience a significant interferer due to a SBFD UE transmitting nearby. However, the interferer will be further away in frequency for an adjacent operator DL than for the SBFD operator. The selectivity and blocking performance of adjacent operator UEs with a suitable frequency offset needs to be investigated.

Some quantitative consideration of receiver performance for a UE meeting the RAN4 minimum requirements is provided below, under the following assumptions:

· Band n78 (3300 – 3800 MHz)
· Total bandwidth of SBFD carrier is 100 MHz
· During SBFD slots, UL transmission is in the central 20 MHz, surrounded by 40 MHz DL on either side
· Neighbor operator bandwidth is 100 MHz
· The interfering UE is configured such that the 20 MHz transmission is handled as a 20 MHz carrier and adjacent channel emissions limits apply

For a UE of the same operator that is receiving the DL, if an interfering UE transmitting in the central 20 MHz is close by, then the interference will occur within the carrier. There are no RAN4 requirements for in-carrier selectivity. The adjacent channel selectivity (ACS) requirement is 33dB. If the UE would respond to the 20 MHz in the same manner as to an adjacent channel interferer then 33dB could be taken as an ACS in the first 20 MHz adjacent to the UL part of the carrier.

There is no ACS requirement for the next adjacent channel, i.e. the next 20 MHz, at the outer edges of the SBFD carrier. Examination of the in-band blocking requirement reveals that it allows for a 6dB degradation in sensitivity with a -56 dBm, 20 MHz blocker signal applied in the second 20 MHz adjacent channel. This implies an selectivity of around 34dB in the outer 20 MHz of the DL part of the SBFD carrier. Since the selectivity needed to reject an in-band blocker in the 2nd 20 MHz channel is almost the same as the ACS in the 1st 20 MHz channel, we can summize that the selectivity over the whole 40 MHz of a UE just meeting the 3GPP requirement would be around 30dB if the rejection of the UL signal in the centre of the SBFD carrier is the same as adjacent channel selectivity. Whether the selectivity can really be compared with adjacent channel selectivity and the achievable values needs further discussion in RAN4.

For the inter-operator case, there is again no selectivity requirement, but examination of the in-band blocking requirement reveals that a 6dB degradation in sensitivity is allowed for a -44 dBm, 5 MHz blocker placed in the 3rd 20 MHz adjacent channel from the DL; i.e. 40 MHz away from the edge of the DL carrier. This implies a selectivity of at least 46dB towards the UL transmission for the adjacent operator. Real UE implementations may perform better than the minimum requirement.

[bookmark: _Toc102127484][bookmark: _Toc102127704][bookmark: _Toc102143749][bookmark: _Toc102143770][bookmark: _Toc102151264][bookmark: _Toc102155503][bookmark: _Toc102159329][bookmark: _Toc102159450][bookmark: _Toc102139949]Considering there is no RAN4 requirement on inter-subband selectivity within the channel bandwidth, RAN1/4 needs to study whether the rejection of UL signal in the UL part of an SBFD carrier by a UE receiving DL signal in the DL part is the same as adjacent channel selecitivity requirement.
3	Input Required From RAN4
In the prior sections, we have discussed various aspects of radio and antenna modelling that need to be considered as part of the RAN1 evaluations of SBFD. Many of these aspects require input from RAN4 in order for RAN1 to establish practical evaluation assumptions for both system level and link level, and we think it will be necessary to send an LS to RAN4 asking for input these aspects.
[bookmark: _Toc102159330][bookmark: _Toc102159451][bookmark: _Toc102140828]Send an LS to RAN4 requesting feedback on various radio and antenna modelling aspects that are required for RAN1 to establish evaluation assumptions for both system-level and link-level simulations.

[bookmark: _Toc102140829]In the LS to RAN request feedback on the following gNB and UE aspects:
· [bookmark: _Toc102140830]gNB
· [bookmark: _Toc102140831]Realistic net effect model that captures the essential behavior of a realistic DPD and PA combination with -45 dBc ACLR compliance.
· [bookmark: _Toc102140832]Simple model of creset factor reduction (CFR) processing, e.g., hard clipping with filtering, that captures the essential behaviors of a practical BS designed for PA efficiency and ACLR compliance.
· [bookmark: _Toc102140833]Realistic models on  UL receiver selectivity, dynamic range and nonlinearity behaviors
· [bookmark: _Toc102140834]Realistic antenna aspects including
· [bookmark: _Toc102140835]Self-interference isolation levels between each Tx sub-array port and each Rx sub-array port including
· [bookmark: _Toc102140836]Frequency dependence
· [bookmark: _Toc102140837]Any dependence on beam direction
· [bookmark: _Toc102140838]Any impact on Tx or Rx beam patterns due to the antenna isolation design
· [bookmark: _Toc102140839]Isolation levels between sectors within the same site for the same operator
· [bookmark: _Toc102140840]Isolation levels between co-sited multi-sector antennas for different operators
· [bookmark: _Toc102140841]Any other important modelling components characterizing typical gNB TX/RX functions.
· [bookmark: _Toc102140842]UE
· [bookmark: _Toc102140843]Realistic model for determining the inter-subband emission levels within the channel bandwidth and the emission levels in adjacent channels
· [bookmark: _Toc102140844]Considering there is no RAN4 requirement on inter-subband selectivity within the channel bandwidth, feedback is needed on what rejection level of UL signal in the UL part of an SBFD carrier by a UE receiving DL signal in the DL part can be used
Conclusion
In this contribution we make the following observations: 
Observation 1	Feedback is required from RAN4 on a net effect model that captures the essential behaviours of a realistic DPD and PA combination with -45 dBc ACLR compliance.
Observation 2	Feedback is required from RAN4 on a simple crest factor processing model, e.g., hard clipping, that captures the essential behaviours of a BS design to increase transmit power.
Observation 3	The self-interference channel can be modeled as a set of tapped delay lines directly from TX sub-array ports to RX sub-array ports.
Observation 4	Self-interference channel coefficients should be based on realistic setups supported by real measuerements or high-fidelity electromagnetic (EM) evaluations. This needs to be discussed in RAN4
Observation 5	The gNB receiver in an SBFD system needs to be carefully studied and modelled with respect to various aspects such as selectivity, linearity etc. This requires discussion in RAN4
Observation 6	Considering there is no RAN4 requirement on inter-subband selectivity within the channel bandwidth, RAN1/4 needs to study whether the rejection of UL signal in the UL part of an SBFD carrier by a UE receiving DL signal in the DL part is the same as adjacent channel selecitivity requirement.

In this contribution we propose the following: 
Proposal 1	Send an LS to RAN4 requesting feedback on various radio and antenna modelling aspects that are required for RAN1 to establish evaluation assumptions for both system-level and link-level simulations.
Proposal 2	In the LS to RAN request feedback on the following gNB and UE aspects:
o	gNB
	Realistic net effect model that captures the essential behavior of a realistic DPD and PA combination with -45 dBc ACLR compliance.
	Simple model of creset factor reduction (CFR) processing, e.g., hard clipping with filtering, that captures the essential behaviors of a practical BS designed for PA efficiency and ACLR compliance.
	Realistic models on  UL receiver selectivity, dynamic range and nonlinearity behaviors
	Realistic antenna aspects including
o	Self-interference isolation levels between each Tx sub-array port and each Rx sub-array port including
	Frequency dependence
	Any dependence on beam direction
o	Any impact on Tx or Rx beam patterns due to the antenna isolation design
o	Isolation levels between sectors within the same site for the same operator
o	Isolation levels between co-sited multi-sector antennas for different operators
	Any other important modelling components characterizing typical gNB TX/RX functions.
o	UE
	Realistic model for determining the inter-subband emission levels within the channel bandwidth and the emission levels in adjacent channels
	Considering there is no RAN4 requirement on inter-subband selectivity within the channel bandwidth, feedback is needed on what rejection level of UL signal in the UL part of an SBFD carrier by a UE receiving DL signal in the DL part can be used
References
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