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 In RAN plenary #94e, a new Study Item on the evolution of NR duplex operation was approved with following objectives [1]: 
	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:
· 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).



In this paper, we investigate the feasibility and impact of SBFD deployments 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
Interference in SBFD 
In RAN1 [2], the following definitions have been agreed for the different interference types in SBFD operation:
· gNB self-interference (SI): Interference caused by DL transmission on a set of DL RBs in a carrier to UL reception on a set of UL RBs in the same carrier at the gNB side, where the two RB sets are non-overlapping in frequency.
· gNB-UE co-channel intra-subband interference: This is the same as the legacy DL interference type in legacy TDD network with static TDD UL/DL configuration.
· UE-gNB co-channel intra-subband interference: This is the same as the legacy UL interference type in legacy TDD network with static TDD UL/DL configuration.
· (inter-cell) inter-site gNB-gNB co-channel intra-subband CLI: CLI caused by DL transmission of the aggressor gNB on a set of RBs in one carrier to UL reception of the victim gNB in a different site on the same set of RBs in the same carrier.
· (inter-cell) co-site inter-sector co-channel intra-subband CLI: CLI caused by DL transmission of the aggressor gNB on a set of RBs in one carrier to UL reception of the victim gNB in another sector of the same site on the same set of RBs in the same carrier.
· (inter-cell) UE-UE co-channel intra-subband CLI: CLI caused by UL transmission of the aggressor UE on a set of RBs in one carrier to DL reception of the victim UE on the same set of RBs in the same carrier. 
· (inter-cell) inter-site gNB-gNB co-channel inter-subband CLI: CLI caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to UL reception of the victim gNB in a different site on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· (inter-cell) co-site inter-sector co-channel inter-subband CLI: CLI caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to UL reception of the victim gNB in another sector of the same site on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· (intra-cell/inter-cell) UE-UE co-channel inter-subband CLI: CLI caused by UL transmission of the aggressor UE on a first set of RBs in a carrier to DL reception of the victim UE on a second set of RBs in the same cell or neighboring cell in the same carrier, where the two RB sets are non-overlapping in frequency.
· gNB-gNB adjacent-channel CLI: CLI caused by DL transmission of the aggressor gNB in a carrier to UL reception of the victim gNB in another adjacent carrier.
· This includes adjacent-channel CLI between gNBs in the same and different sectors of the same site, i.e., co-site intra and inter-sector adjacent-channel CLI.
· UE-UE adjacent-channel CLI: CLI caused by UL transmission of the aggressor UE in a carrier to DL reception of the victim UE in another adjacent carrier.

A visualization of the self-interference to the gNB as shown by the short red arrow in the figure below as well as the cross-link interference is from other gNBs or from other UEs.
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Figure 1 Self-interference and cross-link interference paths
The self-interference of DL signal at the receiver side acts a blocker that could saturate the LNAs and/or reduce the dynamic range of the A/D. In addition, the non-linearity (InterMods) leakage within the UL subband will act as in-band jammer that may reduce the UL signal SINR as shown in the figure below. A visualization of the self-interference at the gNb and UE side is shown in figures 2 and 3, respectively. 



Figure 2 Self-interference and cross-link interference Blocker and jammer at gNB



Figure 3 Blocker and jammer cross-link interference at UE


Self-interference mechanisms and mitigation techniques
To enable proper reception of the uplink signal at the gNB receiver with simultaneously transmission DL signal, gNB should mitigate the direct self-interference ‘leakage’ and any significant clutter reflections. The amount of residual self-interference into the UL subband depends on the following factors: 
1. gNB Tx power of the DL signal
2. gNB self-interference mitigation capability

A detailed discussion on mitigation techniques of self-interference is presented in our RAN1 paper of subband full duplex feasibility [3]. In [2], RAN1 has already agreed on the following definition of Ratio of Self-Interference (RSI) 
RSI represents the overall self-interference suppression capability of gNB by means of spatial isolation, subband frequency isolation, digital interference cancellation and beamform nulling/isolation, etc. RSI also takes into account the impact of Tx/Rx antenna element gain on self-interference. The RSI, denoted as ,  can be defined as the ratio of the total power transmitted by gNB across all transmit chains on a frequency unit m (e.g., subband/RB/subcarrier m) in a SBFD carrier to the residual self-interference received by the same gNB on a single receiver chain on a different frequency unit n (e.g., another subband/RB/subcarrier n) in the same SBFD carrier.
RSI represents a metric that accounts for the aggregate self-interference capability of the gNB, which can be used further to analyze the feasibility of SBFD deployments. The value range of RSI depends on the gNB different mitigation stages (i.e., spatial isolation, subband frequency isolation, beamforming/nulling, and digital interference cancellation.
Proposal 1: Agree within RAN4 to utilize RAN1 RSI metric when studying the feasibility of SBFD deployment. RSI represents the ratio between gNB Tx power on an DL RB m and the gNB residual self-interference on a single receiver chain at UL RB n caused by DL transmission on DL RB m, which is represented in dB as .
The self-interference could be mitigated by different techniques such as spatial isolation, analog subband filter, analog interference cancellation, beamforming and digital interference cancellation.  In this section, we discuss first gNB antenna assumptions and then different self-interference mitigation techniques, their capabilities and feasibility.  
Antenna techniques and spatial isolation
For SBFD deployments, gNB antenna configurations should be based on two panels configuration with split of the antenna elements for simultaneous downlink transmission and uplink reception as shown in Figure 4. on the other hand, for legacy TDD deployments, gNB antenna configuration is based on single panel for downlink transmission or uplink reception. With the split panel architecture, the gNB can enable larger spatial isolation is an essential component to mitigate self-interference. In addition, the physical separation between the two panels could be used to add electro-magnetic spatial duplexer that enhances the spatial isolation between the panels. 


Figure 4 gNB antenna/panels configuration in TDD and SBFD modes
Based on the required input from RAN1 [2], RAN4 should discuss the value ranges for the spatial isolation gNB’s capability. RF measurements for the Tx-Rx spatial fields, including near-field Tx and Rx gains, has been conducted and results are shown in detail in [4], where it has been shown that more than 80 dB of spatial isolation could be achieved using two separate panels with spatial duplexer.
Proposal 2: RAN4 to agree on the value range of 80-90 dB of spatial isolation via be based on two panels configuration with split of the antenna elements for simultaneous downlink transmission and uplink reception.
Frequency isolation
DL and UL transmissions can be separated in the frequency domain via multiplexing of the DL and UL using non-overlapping DL and UL sub-bands. As a result, large frequency isolation for the UL signal reception is attained. For RAN4 further considerations, the frequency isolation represents the ratio of the power of non-linear leakage into the UL subband to the power of the DL signal at the DL subband, which can be approximated by the ACLR requirements specified by RAN4. RAN1 has requested RAN4 to provide value range for the frequency isolation capability of the gNB as well as the accompanying assumptions to those values. 
Proposal 3: RAN4 to agree on approximating the frequency isolation gNB’s capability with RAN4 gNB ACLR requirements, which equals to 45 dB, 28 dB, and 26 dB for FR1, FR2-1, and FR2-2, respectively. 
In [4], measurements investigating the impact of RB separation on the ACLR per RB were provided and it was shown that with few RBs offset from the edge DL RB, the leakage power is almost flat across the RBs, as observed from Figure5. These few RBs are utilized as guard band to protect the UL signal from higher self-interference in case not rejected by some receiver filtering. Moreover, it was found that the per-RB leakage power could be approximated as flat (non-frequency selective), which is the similar working assumption within RAN4 when deriving the gNB ACLR requirements. The flat model is given by the ACLR value (45/28 dBc) + 10 log10 (RBs) for FR1/FR2 respectively. 
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Figure 5 Per-RB adjacent subband leakage ratio (dBc)
Proposal 4: The frequency isolation could be approximated as flat, non-frequency selective profile and its value per-RB is .
Beam nulling and clutter mitigation
In FR1, the DL precoder and UL combiner weights could be optimized to provide some beamform nulling for the clutter and/or self-interference, with additional degrees of freedom for massive MIMO deployments. Beamforming nulling is an efficient technique for clutter mitigation. In FR2, spatially isolated and narrow Tx and Rx beams could be selected to provide extra ‘beam’ isolation, which is an additional factor to be combined with the antenna isolation. 
For clutter mitigation, proper selection Tx and Rx beam pair can be used to alleviate the clutter impact, which results from the transmitted signal travelling through the wireless medium and impinging on different scatterers and reflectors. Based on measurements conducted in [4], additional self-interference cancellation utilizing beam nulling in the value range of 5-10 dB was achieved for massive MIMO deployment.  
Proposal 5: RAN4 to agree on the value range of 5-10 dB for beam nulling and clutter mitigation for FR1 and FR2 SBFD deployments. 
Digital residual self-interference cancellation
The nonlinearities introduced within the gNB front’s end due to non-ideal components of the Tx chain will lead to residual non-linear self-interference that cannot be fully captured in the RF or analog domain due to the associated high complexity, high sensitivity of the canceler and the system’s stability. In this regard, leveraging adaptive filtering and non-linear modeling of the residual self-interference to accurately model and cancel the residual self-interference is performed to provide additional mitigation in the digital domain and enable higher MCS. A non-linear interference cancellation measurement have been conducted in [4] and it was shown that 10-15 dB of additional mitigation can be achieved in the digital domain. 
Proposal 6: RAN4 to agree on the value range of 10-15 dB for residual self-interference cancellation in the digital domain for FR1 and FR2 SBFD deployments. 
Aggregate self-interference mitigation capability 
Based on the above self-interference mitigation budgets, we can drive a value range for the RSI  at the gNB for SBFD deployments. Table 1 presents the different self-interference mitigation components as well as the aggregate value for the gNB. 
Table 1 Aggregate self-interference mitigation budget
	
	Mitigation capability for FR1 (FR2)

	Ant. isolation
	80 dB (80-90 dB)

	Freq. isolation (ASLR)
	45 dB (28 dB)

	Tx/Rx beam nulling or beam isolation
	5~10 dB (5~10 dB)

	Digital IC
	10~15 dB (10 dB)

	RSI 
	140~150 dB (120-140 dB)



Proposal 7: RAN4 to agree on the value range of the aggregate self-interference mitigation RSI  of 140-150 dB (120-140 dB) for FR1 (FR2).  
Co-channel CLI aspects 
Inter-gNB CLI
Co-site inter-sector inter-gNB
For co-site deployments, the far-field characteristics of the gNBs signals is out of scope. Additionally, the CLI level might be as large as the self-interference at the victim gNB. As a result, gNB needs to employ enough CLI mitigation techniques to ensure successful reception of its UL signal. Such mitigation capability is similar to the self-interference capability mentioned in Section 3.5. One possible solution is to improve the spatial isolation by adding the EM absorber [3] on the sides of each sector antenna panel and additionally in between the sectors (if needed) as shown in the figure below. This structure could bring at least similar spatial isolation as the case of self-interference.  In addition, digital interference cancelation of the CLI could provide additional isolation for the reception of the UL signal.  The residual CLI at one sector could be modelled as where  represents the co-site inter-sector CLI mitigation capability or requirement. 
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Proposal 8: For co-site inter-sector inter-gNB CLI, self-interference mitigation capability should be assumed for CLI mitigation in order to ensure successful reception of the UL signals at the victim gNB.
Inter-site inter-sector inter-gNB
For inter-gNB CLI modelling, co- channel inter-gNB CLI depends on two the two following aspects: 1) the transmitting gNB’s unwanted emissions in the non-allocated RBs in the same channel BW, and 2) the gNB’s in-channel selectivity. Since gNB RAN4 does not have any in-band channel mask, a proposal would adopt the ACLR requirements for in-band emissions, listed in the first aspect. For the second aspect, RAN4 can adopt the In-Channel Selectivity (ICS) requirements listed in clause 7.8 in TS 38.104.  
Proposal 9: For inter-site inter-sector inter-gNB CLI, RAN4 to adopt gNB ACLR and ICS requirements (i.e., Adjacent channel interference ratio per subband).
In order to address the inter-gNB CLI, it would be desirable to choose Tx/Rx beams that minimize that inter-gNB CLI. In Rel-16 RIM framework [4], there is no support for beam-based interference detection. Consequently, Inter-gNB coordination can help reduce impact of inter-gNB CLI in SBFD. 

Inter-UE CLI 
Co- channel inter-UE CLI depends on two UE-resident aspects: 1) the transmitting UE’s unwanted emissions in the non-allocated RBs in the same channel BW, and 2) a receiving UE’s in-channel selectivity if present. Aspect 1 can be conveniently upper-bounded by the emissions mask in the IBE requirement, found in clause 6.4.2 of TS38.101-x. For aspect 2, it would be safe for a study to assume no in-channel selectivity at the legacy UE’s receiver – any power in the received channel influences the AGC, which in turn leads to desensitization when there is significant interfering power. A state-of-the-art receiver’s effective noise figure as a function of power in the channel with DL RBs can be approximated as shown in figure 3.2-1. Note that here, ‘power’ refers to the cumulative power present inside the channel BW, agnostic of interferer or wanted signal. Receiver de-sense can be estimated based on knowledge of the power in the wanted RBs and the power in the interfering RBs. REFSENS is the parameter defined in clause 7.3 of TS38.101-x
SNR (dB)
REFSENS + 45 dB
REFSENS + 35 dB
REFSENS
44
DL power in all RBs (dBm)
34
SNR Regime for high DL power
Figure 3.2-1: DL SNR in a receiver of a UE without in-channel selectivity
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The UE receiver may see some degradation due to the CLI jamming and blocking described above. Any degradation would be dependent on multiple factors, e.g. the RB arrangement of the aggressor as compared to the victim, beam alignments, and physical locations of the UE. 
Focusing on the blocker condition, how does could one model the performance of the UE RX? Generally, the UE receiver has certain attributes:
· The UE receiver is built with multiple gain states to meet the RX requirements over the required large dynamic range, and those gain states are chosen in the UE based on the input power level.
· The receiver noise figure changes in each gain state, degrading as the gain of the receiver is reduced.
· The UE does not have any selectivity to separate or remove the jammer ahead of the ADC, therefore the ADC sees both the intended signal and the jammer.

Modelling this behaviour may be beneficial to RAN1 and possibly to RAN4 for system simulations. 
Proposal 10: RAN4 to discuss developing multiple gain-state model with input power dependent noise figure for RAN1 and possibly RAN4.
Reply to RAN1 LS on interference modelling for duplex evolution
In this section, we address the LS that was sent by RAN1 to RAN4 on aspects of interference modeling as provided in [2]. We discuss the questions and provide RAN4 comments in the below draft LS reply to RAN. Since this contribution only deals co-channel operation, readers are kindly asked to refer to our contribution [5]. In the below LS draft, RAN4 proposed replies are highlighted in red. 
	Title:	[DRAFT] Reply to LS on Self-Interference modelling for duplex evolution
Release:	Rel-18
Work Item:	NR_Duplex_Evo

Source:	Qualcomm [RAN4]
To:	RAN1
Cc:	

Contact Person:	
Name:	
E-mail Address:	 

	In [1], RAN1 asks RAN4 a number of questions on interference modelling on the new Study Item on evolution of NR duplex operation. In this LS we provide RAN4 views on the raised points.

	Agreements and questions on self-interference modelling for system level simulation
Question 1-1: What is the value range of RSI  for each frequency range, and under what assumptions on the self-interference suppression means the value range of RSI is provided?
· RAN1 understands the RSI can be described per subband, per RB, or per subcarrier depending on the granularity of the frequency unit, and it is up to RAN4 to provide the RSI in which granularity
Based on the provided definition of RSI , it represents the total self-interference mitigation capability to ensure feasible deployment of SBFD. As will further elaborated in the following questions, realistic values of depend on several factors, which are summarized below. 
· Spatial isolation which can be realized via different antenna architectures/ configurations 
· Frequency isolation between the DL and UL sub-band
· Utilizing beamforming/ nulling techniques for self-interference and clutter mitigation via mMIMO deployments that entail large enough digital and analog DoFs
· Additional digital SI mitigation in the baseband leveraging non-linear modeling of the residual SI
From RAN4 perspective, the value ranges of RSI to ensure feasible SBFD deployment, where m is the DL RB index in a DL sub-band and n is the UL RB index in an UL subband is expected to fall between 140-150 dB for FR1 and 120-140 dB for FR2.
RAN4 concludes that the value range of RSI  is in the range of 140~150 dB for FR1 and 120-140 dB for FR2 under the assumption of sufficient spatial isolation, frequency isolation, Tx/Rx beam nulling/ isolation and residual digital interference cancellation. 
Question 1-2: Whether it is possible for RAN4 to provide RAN1 the respective capabilities of different self-interference suppression means? e.g., is it possible to provide the separate estimates for spatial isolation, subband frequency isolation, beamform nulling/isolation, and digital cancellation, etc., as below?
·  +… 
·  denotes the spatial isolation.
·  denotes the subband frequency isolation between the Tx frequency unit m and the Rx frequency unit n.
·  denotes the beamform nulling or beam isolation.
·  denotes the digital cancellation capability.
As a start, value ranges for the different components are listed below. Discussion on assumptions and final values can be further discussed in RAN4.
· Spatial isolation   80-90 dB, which can be achieved by utilizing separate Antenna panels for Tx and Rx. The physical separation between the two panels could be used to add electro-magnetic spatial duplexer that enhances the spatial isolation between the panels.
· Sub-band frequency isolation  45/28 dBc for FR1/FR2, which can be approximated by the gNB ACLR requirements. For the gNB, we have typically the OBUE and ACLR defined for OOB emissions. RAN4 does not define IBE for gNBs.
· Beam isolation  5-10 dB, which can be achieved via optimized precoding and weights combining techniques to provide some beamform nulling for the clutter and/or self-interference, with additional degrees of freedom for massive MIMO deployments.
· Digital cancellation   10-15 dB leveraging adaptive filtering and non-linear modeling of the residual self-interference, additional mitigation can be realized in the digital domain. 
The aggregate self-interference mitigation can be broken down into different components, entailing the RF, analog, and digital self-interference cancellation, which is summarized in Table 1.
Table 1 Residual self-interference budget
	
	Mitigation capability for FR1 (FR2)

	Ant. isolation
	80 dB (80-90 dB)

	Freq. isolation (ASLR)
	45 dB (28 dB)

	Tx/Rx beam nulling or beam isolation
	5~10 dB (5~10 dB)

	Digital IC
	10~15 dB (10 dB)

	RSI 
	140~150 dB (120-140 dB)



Question 1-3: Whether it is possible to simplify the RSI as frequency flat model, and under which condition(s) the dependency of the RSI on frequency can be ignored?
In [3], lab measurements were conducted to capture the leakage power from the DL signal into the UL subband. The measured leakage power ratio (i.e., frequency selectivity) per RB in the UL subband for the different DL signal bandwidth showed that the frequency isolation could be approximated as flat. With few RBs offset from the edge DL RB, the leakage power is almost flat across the RBs. These few RBs are utilized as guard band to protect the UL signal from higher self-interference in case not rejected by some receiver filtering
RSI can be modelled using a frequency flat model with the presence of few RBs (e.g., 5 RBs) offset from the edge DL RB.
Question 1-4: The feasibility of provided value range of RSI regarding factors such as blocking, AGC, etc.
The leakage of self-interference on the UL subband at the gNB might have an impact the dynamic range of the gNB front-end. Accordingly, the gNB might employ an AGC to maintain to a suitable power level by adjusting the gain of the receiver, which might cause decrease in the receiver sensitivity.  
For UE: Rx dynamic range as a function of the received power + no ICS is available for UE
Question 1-5: Does RSI have any dependency with the following factors or any other factors? What are the dependencies?
· gNB’s antenna aspects, e.g., the assumed antenna architecture, the number of transmit chains and receive chains, etc.
RSI, specifically the spatial isolation capability of the gNB, is dependent on the gNB’s antenna architecture and configuration. Different antenna architectures/ configurations might lead to different spatial isolation capabilities. 
· Frequency aspects, e.g., the frequency distance between the Tx frequency unit m and the Rx frequency unit n, the number of RBs allocated for DL transmission, etc.
It is reasonable from RAN4 perspective to assume that the frequency isolation component within the RSI can be considered flat across the RBs. As a starting point, minimum guardband requirements as listed in Clause 5.3.3 could be used for DL and UL separation. More discussions within RAN4 on the minimum DL UL guard band/ minimum number of RBs required can be carried out later. 
· Beam aspects, e.g., Tx/Rx beam-pair for FR1/FR2 especially for clutter echo, etc.
RSI, specifically the beam isolation capability, is dependent on the gNB’s capability to utilize the digital and analog DoFs for beamforming/ nulling for additional self-interference and clutter mitigation.
· Note: RAN1’s consideration on the frequency locations and sizes of SBFD DL subband and SBFD UL subband assumed in SBFD operation can be provided to RAN4.

	Agreements and questions on gNB-gNB and UE-UE co-channel inter-subband CLI modelling for system level simulation
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs to the non-allocated RBs in the same carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in the presence of the unwanted signals at the non-allocated RBs. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)
Question 2-1: Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation? Are there any other aspects should also be taken into account?
As a start Aspects 1 and 2 are sufficient to account for the gNB-gNB and UE-UE co-channel inter-subband CLI modelling for SLS.
Question 2-2: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of gNB-gNB link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor gNB transmits on the DL frequency unit m and the victim gNB receives on the UL frequency unit n, 
How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 1 (aggressor NL) at the gNB transmitter?
Such interference can be considered by the in-band emissions at the gNB side. However, gNB spec in RAN4 does not have requirements on IBE, alternative would be reusing ACLR gNB requirements to model in-band emissions, with the assumption of flat ACLR on the UL subband. 
RAN4 concludes to adopt the gNB ACLR requirements when modeling the interference from DL to UL in non-overlapping RBs, resulting from the aggressor Tx non-linearities for co-channel gNB-gNB inter-subband CLI. 
How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 2 (RX selectivity etc) at the gNB receiver?
Such interference can be considered preliminary by considering the in-channel selectivity requirements listed in clause 7.8 in TS 38.104. This requirement to measure the capability of the gNB to receive a wanted signal on part of the UL PRBs, with the presence of an interfering signal on adjacent PRBs at a higher power spectral density. 
RAN4 concludes to adopt the gNB ICS requirements when modeling the interference from DL to UL in non-overlapping RBs, resulting from the Rx selectivity for co-channel gNB-gNB inter-subband CLI. 
How to model the above interferences for the following two cases:
inter-site gNB-gNB co-channel inter-subband CLI
For inter-site inter-sector inter-gNB CLI, RAN4 to adopt gNB ACLR and ICS requirements (i.e., Adjacent channel interference ratio per subband).
co-site inter-sector co-channel inter-subband CLI
The current RAN4 assumes for co-located gNBs of 30 dB isolation, which is not sufficient to address self-interference and CLI. For co-site inter-sector inter-gNB, self-interference mitigation capability should be assumed for CLI mitigation in order to ensure successful reception of the UL signals at the victim gNB. 
Question 2-3: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (TX nonlinearity) at the UE transmitter?
How to model the interference from UL frequency unit n to DL frequency unit m due to (RX selectivity etc) at the UE receiver?
The Rel-18 WI assumes legacy UE functionality for SBFD. Legacy features have not required UE filtering tighter than the channel BW itself. It is therefore atypical for a legacy UE to have any in-channel selectivity either in Rx or Tx. This characteristic has direct implications for a UE’s ability to withstand UE to UE interference.
Adjacent channel inter-UE CLI depends on two UE-resident aspects: 1) the transmitting UE’s unwanted emissions in the adjacent channel, and 2) the receiving UE’s selectivity. Aspect 1 is upper-bounded by the spectral emission mask found in clause 6.5.2 of TS38.101-x. Aspect 1 is also upper-bounded by the ACLR requirement, also in the same clause. Both upper bounds must be obeyed by a UE. Aspect 2, minimum Rx selectivity, is governed by the adjacent channel selectivity requirement of clause 7.5 in TS38.101-x.
Co- channel inter-UE CLI depends on two UE-resident aspects: 1) the transmitting UE’s unwanted emissions in the non-allocated RBs in the same channel BW, and 2) a receiving UE’s in-channel selectivity if present. Aspect 1 can be conveniently upper-bounded by the emissions mask in the IBE requirement, found in clause 6.4.2 of TS38.101-x. For aspect 2, it would be safe for a study to assume no in-channel selectivity at the legacy UE’s receiver – any power in the received channel influences the AGC, which in turn leads to desensitization when there is significant interfering power. A state-of-the-art receiver’s effective noise figure as a function of power in the channel with DL RBs can be approximated as shown in figure 3.2-1. Note that here, ‘power’ refers to the cumulative power present inside the channel BW, agnostic of interferer or wanted signal. Receiver de-sense can be estimated based on knowledge of the power in the wanted RBs and the power in the interfering RBs. REFSENS is the parameter defined in clause 7.3 of TS38.101-x
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Figure 3.2-1: DL SNR in a receiver of a UE without in-channel selectivity
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	Agreements and questions on gNB-gNB and UE-UE adjacent-channel CLI modelling for system level simulation
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs in one carrier to the non-allocated RBs in the adjacent carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in one carrier in the presence of the unwanted signals at the non-allocated RBs in the adjacent carrier. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)

Question 3-1: Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE adjacent-channel CLI modelling in system level simulation? Are there any other aspects should also be taken into account?
The two above aspects are sufficient to account for gNB-gNB and UE-UE adjacent channel CLI modeling in SLS. 
Question 3-2: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of gNB-gNB link, where the DL frequency unit m and UL frequency unit n are in adjacent carriers and non-overlapping in frequency, and assuming the aggressor gNB transmits on the DL frequency unit m and the victim gNB receives on the UL frequency unit n, 
How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 1 (defined above) at the gNB transmitter?
The gNB transmitter unwanted emissions are typically generated due to transmitter non-linearities, which may leaks to receiver, and cause an increase in the Rx thermal noise floor. ACLR and IBE at the UE side are defined to describe the requirement on adjacent channel leakage and in-band co-channel emission. While at gNB side, BS ACLR is defined for whole channel transmission and no BS IBE is defined for subband transmission. 
As a start, gNB ACLR requirements provides a decent measure of unwanted emissions on the adjacent channel. As a starting point for FR1 and FR2-1, 45 and 28 dB ACLR, respectively, as defined in RAN4 may be used (see Table 6.6.3.2-1 and Table 9.7.3.3-1, in 38.104.
gNB ACLR requirements provide a measure of Tx leakage on the adjacent channel. As a starting point for FR1 and FR2-1, 45 and 28 dB ACLR, respectively, as defined in RAN4 may be used.
How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 2 (defined above) at the gNB receiver?
gNB Adjacent Channel Selectivity (ACS) is a measure of the gNB receiver's ability to receive a wanted signal at its assigned channel frequency in the presence of an adjacent channel signal with a specified centre frequency offset of the interfering signal to the band edge of a victim system. As an example, a wide area BS should successfully decode its signal of interest in the presence of an interfering signal of -52 dBm in adjacent channel while degrading the receiver sensitivity by maximum by 6 dB (i.e., desense). As a baseline, gNB ACS for FR1 and FR2 can be used when modelling aspect 2 for the gNB-gNB adjacent CLI. 
How to model the above interferences for the following cases:
the two gNBs are from the same sector of the same site in adjacent carriers, i.e., co-site co-sector gNB-gNB adjacent-channel CLI 
For co-site inter-sector inter-gNB CLI, self-interference mitigation capability should be assumed for CLI mitigation in order to ensure successful reception of the UL signals at the victim gNB.
the two gNBs are from different sectors of the same site in adjacent carriers, i.e., co-site inter-sector gNB-gNB adjacent-channel CLI
Similar as above case with some possible relaxation regarding the spatial isolation components. 
the two gNBs are from different sites in adjacent carriers, i.e., inter-site gNB-gNB adjacent-channel CLI
For inter-site inter-sector inter-gNB CLI, RAN4 to adopt gNB ACLR and ACS requirements (i.e., Adjacent channel interference ratio per subband).
Whether it is feasible to define a similar interference ratio as BS-BS ACIR in TR38.828 but in the subband of the adjacent carrier, with finer granularity (e.g., per subband or per RB), to represent the overall effect of the Aspect 1 and Aspect 2 described above? 
This is feasible once RAN4 converges on agreed values for BS ACLR (ACS) and UE ACS for DL (UL).  
For example, whether it is feasible to define gNB-gNB-adjacent-channel-per-RB/subband interference ratio as the ratio of the power transmitted by the aggressor gNB on DL frequency unit m to the interference received by the victim gNB on UL frequency unit n? If it is feasible, then what is the value range of the gNB-gNB-adjacent-channel-per-RB/subband interference ratio for each frequency range?
gNB-gNB adjacent-channel per RB/subband interference ratio (ACIR per RB/subband) would be dependent on the aggressor gNB ACLR and victim gNB ACS, evaluated per RB/subband. 
Question 3-3: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in adjacent carriers and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (defined above) at the UE transmitter?
UE ACLR requirements provide a measure of Tx leakage on the adjacent channel; thus they can be used to account for Aspect 1.
How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?
UE ACS requirements can be used to account for Aspect 2.
Whether it is feasible to define a similar interference ratio as UE-UE ACIR in TR38.828 but in the subband of the adjacent carrier, with finer granularity (e.g., per subband or per RB), to represent the overall effect of the Aspect 1 and Aspect 2 described above? 
For example, whether it is feasible to define UE-UE-adjacent-channel-per-RB/subband interference ratio as the ratio of the power transmitted by the aggressor UE on UL frequency unit n to the interference received by the victim UE on DL frequency unit m? If it is feasible, then what is the value range of the UE-UE-adjacent-channel-per-RB/subband interference ratio for each frequency range?
This is feasible once RAN4 converges on agreed values for BS ACLR (ACS) and UE ACS for DL (UL).  




Conclusion
Throughout this contribution, we provided our views on self-interference mitigation in SBFD as well as preliminary insights on CLI modelling and mitigation. Our proposals can be summarized as follows:
Proposal 1: Agree within RAN4 to utilize RAN1 RSI metric when studying the feasibility of SBFD deployment. RSI represents the ratio between gNB Tx power on an DL RB m and the gNB residual self-interference on a single receiver chain at UL RB n caused by DL transmission on DL RB m, which is represented in dB as .
Proposal 2: RAN4 to agree on the value range of 80-90 dB of spatial isolation via be based on two panels configuration with split of the antenna elements for simultaneous downlink transmission and uplink reception.
Proposal 3: RAN4 to agree on approximating the frequency isolation gNB’s capability with RAN4 gNB ACLR requirements, which equals to 45 dB, 28 dB, and 26 dB for FR1, FR2-1, and FR2-2, respectively. 
Proposal 4: The frequency isolation could be approximated as flat, non-frequency selective profile and its value per-RB is .
Proposal 5: RAN4 to agree on the value range of 5-10 dB for beam nulling and clutter mitigation for FR1 and FR2 SBFD deployments. 
Proposal 6: RAN4 to agree on the value range of 10-15 dB for residual self-interference cancellation in the digital domain for FR1 and FR2 SBFD deployments. 
Proposal 7: RAN4 to agree on the value range of the aggregate self-interference mitigation RSI  of 140-150 dB (120-140 dB) for FR1 (FR2) as shown in Table 1. 
Table 1 Aggregate self-interference mitigation budget
	
	Mitigation capability for FR1 (FR2)

	Ant. isolation
	80 dB (80-90 dB)

	Freq. isolation (ASLR)
	45 dB (28 dB)

	Tx/Rx beam nulling or beam isolation
	5~10 dB (5~10 dB)

	Digital IC
	10~15 dB (10 dB)

	RSI 
	140~150 dB (120-140 dB)



Proposal 8: RAN4 to adopt gNB ACLR and ACS requirements to model co-channel inter-gNB CLI.
Proposal 9: For co-site inter-sector inter-gNB CLI, self-interference mitigation capability should be assumed for CLI mitigation in order to ensure successful reception of the UL signals at the victim gNB.
Proposal 10: RAN4 to discuss developing multiple gain-state model with input power dependent noise figure for RAN1 and possibly RAN4.
Proposal 10: RAN4 to reply to RAN LS with the draft LS provided in Section 5 in this contribution. 
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