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Introduction
In December 2021, RAN plenary approved a study item on evolution of duplex operation [1]. The objectives and the assumption for the study are as following:
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. 
As outlined by the objectives of the study item, studying feasibility and impact on RF requirements due to adjacent/co-channel co-existence as well as self-interference, inter and intra operator CLI is an essential part of RAN4 studies. In addition, providing necessary input to RAN1 considering the feasibility and modelling of various impairments both for transmitter and receiver is an essential part of the RAN4 work for duplex enhancements study.
RAN1 have already in the May 2022 working group meeting sent an LS to RAN4 informing about the agreements but also several questions (aligned with the objectives of the SID) to be able to conduct the evaluation work [2]. The questions in RAN1 LS relate to self-interference cancellation, co-channel and adjacent-channel CLI modelling.
In this paper, some general aspects for RAN4 consideration are discussed while, in [3 & 4] a more elaborated discussion around self-interference and CLI modelling for both receiver and transmitter is presented. 
Based on this input, this document proposes a reply LS to RAN1 in the annex. 
Discussion
Considering the objectives in the duplex enhancements SID, following aspects should be considered from RAN4 perspective:
UE parameters 
As stated in the SID, the assumptions of “half duplex operation on the UE side” implies that no major changes to UE RF can be assumed and thus existing UE RF requirements should be used as a baseline and be extrapolated to largest possible extent for the study. Thus, for UE related part of the RAN4 work, more detailed discussion is required around how extrapolation of existing UE RF requirements should be done to provide necessary input to RAN1 studies. It should be noted that input is needed to conduct system simulations studies. The UE related aspects and extrapolation of existing UE RF requirements is elaborated in detail in [3]. 
Proposal 1:
For UE specific parameters, RAN4 should use the existing UE RF specification and extrapolate the needed parameters for system level studies. 
Bandwidth granularity 
Another question also reflected in the RAN1 LS questions is the granularity of certain parameters from both link and system study perspective. This is quite an essential aspect to consider for the RAN4 work. Current gNB and UE RF requirements have different granularity. For e.g., the adjacent channel related requirements for transmitter (ACLR) and receiver (ACS) have the granularity of existing reference carrier bandwidths specified for NR while other requirements such as spectrum emission masks have much finer granularity. For system level both co-channel, adjacent channel and co-existence studies, the granularity of existing reference carrier bandwidths should suffice while for link level studies and digital cancellation schemes finer granularity is needed. As link level studies for SBFD would require realistic models both for transmitter and receiver (elaborated in [4]), the needed granularity defined by RAN1 should be considered when realistic models of various parameters and impairments are being developed in RAN4.
Proposal 2:
For system level and co-existence studies, it is proposed to use the existing requirements and the corresponding existing reference carrier bandwidth granularity.
Proposal 3:
For link level, interference cancellation and evaluation studies, RAN4 should consider finer needed granularity when transmitter and receiver models are being developed.

BS considerations
Duplex enhancements on gNB side as stated in the SID have high impact on gNB and implies the need for consideration of advanced high isolation antennas, filtering impact, possible transmitter and receiver enhancements, radio near algorithms, and digital interference cancellation design. 
[image: ]
Figure 1 DL & UL sub-bands
To be able to assess the performance and study the feasibility, proper modelling of various impairments is essential. The need for proper modelling arises from the fact that depending on the deployment and frequency range, the cancellation schemes need to mitigate transmitter impairments which can consist of PA non-linearities, crest factor reduction distortion, phase noise residues falling into UL sub-band. Without proper modelling of the structure of the signals to be cancelled, the link level evaluation of the performance of cancellation algorithms and the feasibility cannot be properly studied. On the receiver side, aspects e.g. receiver selectivity, linearity and reciprocal mixing of phase noise need to be considered for link level studies, feasibility and cancellation schemes. 
As a first step, models of BS transmitters and receivers that just meet 3GPP requirements should be considered. As needed, BS transmitter and receiver architectures can be considered that exceed RAN4 minimum requirements. Realistically achievable performance should be assessed in both cases, with a model for the detailed signal structure to be cancelled assuming realistic BS front ends.
Proposal 4:
RAN4 should develop realistic models for transmitter and receiver impairments for further evaluation of SBFD. 
Proposal 5:
BS characteristics based on a BS just meeting gNB minimum RF requirements should be used as a base-line for SBFD feasibility studies. From this, modelling of improved performance can be considered if needed.

To illustrate the potential need to consider BS performance exceeding that needed for the current 3GPP requirements, an example is presented here. Assuming improvement of UL coverage being one of the most important key benefit, a simple calculation on needed cancellation for a wide area BS is as following:
· Frequency Range 1 and wide area BS with 53 dBm TRP
· 40-20-40 MHz rough split between UL and DL sub-bands
· BS NF = 5 dB
· Current BS RF requirements for unwanted emission are based on ACLR of 45 dBc and emission mask of -15 dBm/MHz. (The level of -15 dBm/MHz was used in this analysis which is the lowest required level.)
· BS receiver ACS (-52 dBm interferer level and 6 dB degradation which corresponds to interferer level of 4.7 dB above noise floor)
· Allowed degradation 0.1 dB (16 dB below noise floor) and 1 dB (6 dB below noise floor)
· 80 dB of RX and TX antenna isolation is achieved 
For transmitter impairments leaking to UL sub-band, if it is assumed that the BS transmitter just meets RAN4 minimum requirements the needed cancellation in addition to existing transmitter algorithms for linearization and other algorithms for 0.1 and 1 dB UL sensitivity degradation is:
	Unwanted emission
	-15 dBm/MHz

	Unwanted emissions
	-2 dBm/20 MHz

	Receiver noise floor
	-96 dBm/20 MHz

	TX/RX isolation example
	80

	Cancellation needed @ 0.1 dB degradation
	30 dB

	Cancellation needed @ 1 dB degradation
	20 dB



For receiver imperfections only considering the ACS and assuming that the BS just meets RAN4 minimum requirements, a corresponding calculation on needed cancellation of DL sub-bands is as following:
	Receiver noise floor
	-96 dBm/20 MHz

	Transmit power TRP
	53 dBm

	TX/RX isolation example
	80

	ACS level @ 6 dB degradation
	-52 dBm

	Cancellation needed @ 0.1 dB degradation
	45.7 dB

	Cancellation needed @ 1 dB degradation
	35.7 dB



Note that other imperfections exist and will add to interference level and need to be considered when the assessment is conducted. 
Improving the UL coverage for SBFD implies that the noise floor in the SBFD receiver should not experience high degradation, and it is reasonable to assume that the receiver noise floor should not be worse than as legacy TDD operation for SBFD. The needed TX/RX antenna isolation, transmitter design where the emissions from DL sub-band consisting of PA non-linearities, peak reduction algorithm distortion, DAC quantization noise, etc. should be mitigated further in addition to existing BS ACLR and in-band emissions should be considered. On the SBFD receiver side, large enough selectivity, dynamic range, and linearity etc in combinations with self-interference cancellation should be further studied. More elaborated modelling for SBFD receiver and transmitter is presented in [3 & 4]. 
Clearly, either a significant amount of interference cancellation is needed for both transmitter or receiver impariments, or the BS needs to exceed the performance needed for achieving the current minimum RAN4 requirements.
For other deployments using MR or LA BS type, the needed cancellation due to reduced BS power and higher noise floor will be lower than in this example, and need further study.
Proposal 6:
RAN4 should consider the models and means to achieve the required suppression separately for each BS class. 

2.3.1 High isolation antennas
High TX and RX isolation antennas is a critical aspect for SBFD. Physical separation between TX and RX antennas alone will provide insufficient isolation. Based on reasonable size assumptions, additional complex isolation structures will be needed. 
Concerning the antenna size, depending on deployment, frequency range and practical limitations, two approaches can be discussed. The first approach relates to keeping the antenna area fixed as legacy TDD and in this case, the antenna gain will be at least 3 dB lower both for transmit and receive where the reduced receive antenna gain will limit possible UL coverage gain while reduced antenna gain for the transmit cannot be compensated. The second approach is to keep similar gain for both transmit and receive or keeping the antenna gain fixed compared to legacy TDD antenna where the size of SBFD antenna will be more than twice of the legacy TDD antenna. This can have practical implications depending on frequency range, size restrictions due to zoning requirements or wind load for FR1 frequency range.
It should be noted that, the antenna isolation should consider both intra-gNB i.e. between RX and TX in one sector but also between sectors (inter-gNB) for sectorized sites, which are quite common. The investigation of achievable isolation as it is a near field phenomena require complex analysis and simulations. The SBFD high isolation antenna aspect is elaborated in detail in [4].
Similar to receiver and transmitter impairments, there is a need for proper modelling of the SBFD antennas where the isolation would depend on sub-array topology, polarization, and beam-forming over the scan range of the antenna. In addition, there is a need to discuss different definitions for isolations as for system level studies, a value for isolation either intra or inter gNB isolation could suffice while for link level studies considering digital cancellation schemes, a finer granularity e.g. sub-array to sub-array could be needed to capture the transmit signals with different amplitude and phase characteristics fall into receiver sub-array.
Proposal 7:
RAN4 should develop realistic models for high antenna isolations and define how isolation based on different evaluation need should be specified.

2.3.1 Other considerations
For any 3GPP compliant gNB, real deployments in most operating bands relevant for SBFD (FR1 or FR2) necessitate multi-carrier operation. The largest supported carrier bandwidth for FR1 is 100 MHz while the frequency bands relevant for SBFD can be as large as 900 MHz. The most common carrier bandwidth for FR2 is 100 MHz where the frequency bands are of GHz size. Thus, consideration of multi-carrier gNB is an essential element in the study regardless SBFD is activated on each carrier or a set of carriers as it highly affects the antenna, receiver, transmitter, algorithm design and cancellation schemes. Further discussion is needed to agree on how multi-carrier aspects can be captured for the study including performance evaluation and feasibility aspects.
Proposal 8:
Multi-carrier behaviour of gNB should be considered when evaluating DL and UL RF impairments and cancellation schemes.

To maintain some level of UL coverage gain, keeping the SBFD noise floor similar as legacy TDD operation should be the baseline assumption. This would highly affect the needed TX/RX antenna isolation, transmitter design where the emissions from DL sub-band consisting of PA non-linearities, peak reduction algorithm distortion, DAC quantization noise etc should be mitigated further in addition to existing BS ACLR and in-band emissions. On the SBFD receiver side, large enough selectivity, dynamic range, and linearity etc in combinations with self-interference cancellation including the computational complexity should be further studied. 
Even though gNB energy efficiency is not explicitly mentioned in the SBFD SID, gNB energy efficiency aspects are important to consider as a part of feasibility as possible need to handle large dynamic range for SBFD e.g. using larger power back-off on PA to improve the PA non-linearity or the need to add more bits to ADC/DAC could result in degradation of gNB energy efficiency.  
Proposal 9:
Energy efficiency of gNB should be considered when evaluating SBFD and cancellation schemes.
Conclusion
In this paper, the discussion on duplex enhancements study is initiated. Some general aspects in terms of UE parameters, bandwidth granularity and gNB specific considerations were further discussed. The need for proper modelling of transmitter and receiver as well as high isolation antennas for proper evaluation and feasibility study was elaborated and other considerations in terms of different operation modes such as multi-carrier and energy efficiency aspects was brought up. 
Based on the discussions in this paper, the following was proposed.
Proposal 1:
For UE specific parameters, RAN4 should use the existing UE RF specification and extrapolate the needed parameters for system level studies. 
Proposal 2:
For system level and co-existence studies, it is proposed to use the existing requirements and the corresponding existing reference carrier bandwidth granularity.
Proposal 3:
For link level, interference cancellation and evaluation studies, RAN4 should consider finer needed granularity when transmitter and receiver models are being developed.
Proposal 4:
RAN4 should develop realistic models for transmitter and receiver impairments for further evaluation of SBFD. 
Proposal 5:
BS characteristics based on a BS just meeting gNB minimum RF requirements should be used as a base-line for SBFD feasibility studies. From this, modelling of improved performance can be considered if needed.
Proposal 6:
RAN4 should consider the models and means to achieve the required suppression separately for each BS class. 
Proposal 7:
RAN4 should develop realistic models for high antenna isolations and define how isolation based on different evaluation need should be specified.
Proposal 8:
Multi-carrier behaviour of gNB should be considered when evaluating DL and UL RF impairments and cancellation schemes.
Proposal 9:
Energy efficiency of gNB should be considered when evaluating SBFD and cancellation schemes.

The annex proposes a reply LS to RAN1 based on the initial state of RAN4 discussions.
Proposal 10:
RAN4 should send the draft LS response in this paper as the first stage of providing answers to questions stated in the LS on interference modelling for duplex evaluation. 
[bookmark: _In-sequence_SDU_delivery]
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1 Overall description
RAN4 would like to thank RAN1 for LS “on interference modelling for duplex evolution” outlining the RAN1 agreements and questions around interference modelling. Firstly, RAN4 would like to inform RAN1 that the RAN4 #104 in August is the first meeting for duplex evolution. 
RAN4 emphasises the need for realistic and relevant modelling for SBFD study. Elaboration of gNB related interference modelling aspects considering achievable antenna isolation (both intra-gNB and inter-gNB for sectorized sites), transmitter modelling including PA non-linearities, receiver modelling including selectivity and linearity, algorithms including improvements in linearization etc. is necessary to study the self-interference cancellation schemes needed for SBFD. In addition to estimates of the amounts of interference suppression for system level modelling, a model of the amplitude and phase characteristics of the self-interference is needed, since in order to assess the performance of cancellation algorithms it is critical to have an accurate model of the characteristics of the signal to be cancelled. Due to complexity attached to realistic modelling of interference considering antenna, transmitter and receiver aspects including the algorithms and interference cancellation schemes, RAN4 will need to study further and will not be able to provide a comprehensive response to all questions in the LS at this stage. 
However, as SBFD study item aims to be compatible with legacy UEs, existing UE RF requirements can be used as a baseline and extrapolated for UE related parameters for UE-UE CLI system simulations. This is reflected in the response when inter-operator UE-UE CLI is concerned. For intra operator UE-UE CLI, some further clarifications in RAN4 are required prior to sending a response. The following partial response on some aspects is intended to enable RAN1 to continue their studies while RAN4 continue the work to resolve the remaining questions.
In addition, while the study item does not exclude any frequency range or deployment, this first response is primarily focused on FR1. Different deployments with different levels of gNB output power and dynamic range would imply different levels of complexity and also requirements on gNBs. This will be further elaborated in future responses to the RAN1 questions in the LS.
RAN4 also want to highlight that for gNB, multi-carrier and energy efficiency aspects are quite essential and need to be considered when studying solutions and evaluation of self-interference mitigation.
The partial response to RAN1 questions is summarized as following:
  
1) 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?
RSI  is driven by of a number of factors and the value range would depend on guard, beam direction within the scan range of the antenna etc. For the antenna isolation part, advanced antenna structures are needed, and the value range would depend on the feasibility studies in RAN4. At this stage RAN4 will not be able to provide a value range. 
Other parts of RSI  relate to capability and performance of different interference cancellation schemes and RAN4 believes that this is the expertise of RAN1 and this aspect need to be investigated in detail in RAN1. Some parts of interference cancellation can possibly be done in RAN4 but this is FFS. Realistic and relevant modelling of different impairments is necessary to study the needed and performance of the interference cancellation schemes, because in order to assess the performance of cancellation it is necessary to accurately capture the signal that is to be cancelled. RAN4 can thus study and provide needed realistic models. For some cases, the models could be a net model e.g. a combined model of PA and linearization or peak reduction algorithms and channel filtering. In addition RSI  also depends on the receiver considering selectivity, linearity, etc. and RAN4 intends to study and provide such necessary models.

· 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.

Many RAN4 requirements currently have a carrier granularity (ACLR, ACS, blocking etc) and possible rescaling to finer granularity would require more extensive work. Thus, the fastest approach from RAN4 perspective is to provide input on achievable supression on sub-band (corresponding to existing reference bandwidths in NR) granularity, as per RB, sub-carrier or sub-band not normalized to existing reference carrier bandwiths would be much more complex. For system level evaluation, the subband granularity seems to be sufficient while for link level simulations, as new realistic models need to be developed finer granularity could be discussed. RAN1 need to further clarify what granularity is required for their link level studies to be considered when detailed realistic modelling is studied.

· 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 suband 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 discussed before, impairments from both transmitter and receiver should be considered and RAN4 work on studies to provide relevant models. For antenna isolation, RAN4 is studying the feasibility and achievable levels and will inform RAN1 as soon as work is finalized. On beam-forming nulling, it is more of RAN1 expertise to study the possible solutions for beamform nulling since all multi-antenna transmission schemes have been developed in RAN1. Once relevant algorithms are in place ,RAN4 could study the impact of beam-forming nulling which is a far-field shaping and investigate how it affects the intra gNB isolation which is a near-field phenomena in the context of SBFD antenna structures.
On digital cancellation, this is within RAN1 expertise. It is essential that RAN4 provide relevant and realistic models to aid in RAN1's evaluation, since it is essential to capture the characteristics of the signal to be cancelled. 
· 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?
Due to complexity of developing models for fine granularity, RAN4 prefers to provide models based on sub-band basis for system level studies, which implies a frequency-flat model within a subband. RAN1 needs to clarify the needed granularity for link level studies which can be further discussed in RAN4 for interference modelling work.
· Question 1-4: The feasibility of provided value range of RSI regarding factors such as blocking, AGC, etc.
As described above, relevant receiver modelling covering aspects such as selectivity, linearity etc need to be taken into account when feasibility and performance of SBFD is evaluated and RAN4 is working on such models and will provide the models when they become available. It is noted that receiver degradations have the potential to impact isolation and intra/inter- gNB interference as much as or more than transmitter degradations and hence it is important to consider both TX and RX.
· 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.
· 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.
· Beam aspects, e.g., Tx/Rx beam-pair for FR1/FR2 especially for clutter echo, etc.
There are dependencies considering the gNB antenna aspects such as possibility to increase the antenna area and keep the antenna gain for TX and RX. In addition, the sub-array topology could influence the isolation as larger sub-arrays are expected to provide more isolation while larger sub-array results in higher level of side-lobe and grating lobe emission which make compatibility with other adjacent system more challenging. In addition, beam direction and scan range of the antenna will have an impact on achievable antenna isolation.
Enough frequency separation is needed to ensure that feasible confinement and design of filters including digital filters is possible but it should be noted that larger separation will not necessarily improve as e.g. emissions from DL sub-bands towards UL sub-band are fairly flat. 
· 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.

2) Agreements and questions on gNB-gNB and UE-UE co-channel inter-subband CLI modelling for system level simulation
Agreement
[bookmark: _Hlk103807408]For discussion of gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation, RAN1 understands at least the following two aspects need to be considered:
· 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)
RAN4 would like to clarify that both receiver and transmitter impairments are important to consider and in addition, there are more impairments that need to be captured and modelled. On gNB transmitter side, e.g.  peak-reduction distortion would leak to UL sub band etc. On gNB receiver side aspects such as linearity and also reciprocal mixing of phase noise, ADC dynamic range, etc. should be considered. As well as intra-gNB co-channel CLI, since it is very common to deploy multi-sector sites, also inter-sector co-channel CLI should be considered. On UE side, as the aim is no impact on UE specification, a starting point is to use existing specifications and extrapolate the model from RF requirements for UE. This is also an ongoing work in RAN4.
The following questions should be asked to RAN4: 
· 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?
It is necessary to consider the above aspects with relevant impairments.
· 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 (defined above) at the gNB transmitter?
RAN4 is working on modelling of transmitter initially with sub-band granularity and at this stage we can not provide the models (first meeting in August).
· 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?
RAN4 is working on modelling of receiver initially with sub-band granularity and at this stage we cannot provide the models (first meeting in August).

· How to model the above interferences for the following two cases:
· inter-site gNB-gNB co-channel inter-subband CLI
· co-site inter-sector co-channel inter-subband CLI
For inter-site, the same transmitter distortion model can be used as for intra- gNB self-interference modelling, but the antenna modelling should be switched from intra-BS to far field propagation between sites for inter-site. For co-site inter-sector scenario more work is needed in RAN4 to characterize the expected isolation between sectors.
· 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 (defined above) at the UE transmitter?
When specifying SBFD, it should be a clear aim to avoid changing the UE RF specification or introducing additional requirements, if at all possible. Therefore, the response provided here is based on a UE compliant to the RAN4 specification. In case RAN1 evaluation shows that UE-UE degradation may be expected then it may be possible to provide further information based on UEs that exceed the RAN4 specifications, but in the first instance RAN4 recommends using the following parameters that are based on the specification.
The specification does not allow for a PRB level granularity when characterizing unwanted emissions. Based on the RAN4 specifications:
· FR1: If the bandwidth of the UL sub-band is X MHz (X is any existing reference carrier bandwith for NR used for study), then the total unwanted emissions power in the first X MHz of the DL subband, adjacent to the UL sub-band is (UE TX power) – 30dB  (ACLR). If the DL sub-band is wider than X MHz, then the emissions power in the remainder of the DL sub-band (apart from the first X MHz) should be assumed to be -25dBm / MHz (SEM) (the emissions in both DL sub-bands should be linear added)
· FR2: If the bandwidth of the UL sub-band is X MHz, then the total unwanted emissions power in the first X MHz of the DL subband, adjacent to the UL sub-band is (UE TX power) – 17dB  (ACLR). If the DL sub-band is wider than X MHz, then the emissions power in the remainder of the DL sub-band (apart from the first X MHz) should be assumed to be -13dBm / MHz (SEM) (the emissions in both DL sub-bands should be linearly added)

· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?

· FR1: The interference to the DL sub-bands should be assumed to be (UE TX power) – 33dB (ACS)
· FR2: The interference to the DL sub-bands should be assumed to be (UE TX power) – 23dB (ACS)

FFS: Usage of the above model provided by RAN4 in the evaluation

3) Agreements and questions on gNB-gNB and UE-UE adjacent-channel CLI modelling for system level simulation
Agreement
Regarding gNB-gNB and UE-UE adjacent-channel CLI modelling for system level simulation, RAN1 understands at least the following aspects need to be considered:
· 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)
RAN4 would like to clarify that both receiver and transmitter impairments are important to consider and in addition, there are more impairments that need to be captured and modelled. On gNB transmitter side, e.g.  peak-reduction distortion would leak to UL sub band etc. On gNB receiver side aspects such as linearity and also reciprocal mixing of phase noise, ADC dynamic range, etc. should be considered. Due to frequency separation for inter-operator CLI (in form of extra guard DL sub-band), more work is needed on gNB side. On UE side, as the aim is no impact on UE specification is expected considering the objective of SI, a starting point is to use existing specifications and extrapolate the model from RF requirements for UE. This is also an ongoing work in RAN4.

The following questions should be asked to RAN4: 
· 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?
It is necessary to consider both of the above aspects with relevant impairments. While not causing harmful interference to adjacent operator is critical to study, RAN4 want to futher emphase that how adjacent operator would interfere with SBFD UL sub-band is also important to study as part of SBFD gain evaluation.

· [bookmark: _Hlk103931113]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?
RAN4 is working on modelling of transmitter initially with sub-band granularity and at this stage we cannot provide the models (first meeting in August).

· 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?
RAN4 is working on modelling of receiver initially with sub-band granularity and at this stage we cannot provide the models (first meeting in August).

· 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
· 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
RAN4 traditionally has used 30 dB of antenna isolation between operators when co-location was concerned. For FR2, there is no co-location requirements in RAN4 specified for various reasons. We believe that for frequencies considered for SBFD evaluation, the isolation can be much higher than 30 dB (possibly around 40-50 dB), but this will require more work in RAN4 to verify.

· the two gNBs are from different sites in adjacent carriers, i.e., inter-site gNB-gNB adjacent-channel CLI

Beside site modelling and propagation, RAN1 need to consider ACLR and ACS (ACIR).
· 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? 
The concept of ACIR, which is derived by using ACLR and ACS can in principle be used. ACIR as a concept describes the total amount of interference for adjacent channel operation taking to account the emission in adjacent channel of the transmitter and selectivity of the receiver. 
The existing specifications can be used as a baseline. The fastest approach from RAN4 perspective is to provide input on sub-band (corresponding to existing reference bandwidths in NR) granularity as per RB, sub-carrier or sub-band not normalized to existing reference carrier bandwiths would be much more complex.
· 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?
· 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?
When specifying SBFD, it should be a clear aim to avoid changing the UE RF specification or introducing additional requirements if at all possible. Therefore, the response provided here is based on a UE that just about meets the RAN4 specification. In case RAN1 evaluation shows that UE-UE degradation may be expected then it may be possible to provide further information based on UEs that exceed the RAN4 specifications, but in the first instance RAN4 recommends using the following parameters that are based on the specification. For the adjacent channel operator, the UE SEM requirement is used as a basis for the interference:
· FR1: Either ACLR (30dB) or alternatively  -25dBm / MHz of the DL sub-band (independent of UE TX power) can be used
· FR2: Either ACLR (17dB) or alternatively -13dBm / MHz of the DL sub-band (independent of UE TX power) can be used

· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?
There is no basis in the RAN4 specifications for estimating the inter-operator UE receiver impact. The impact should not be any worse than the ACS, so it is proposed to assume the ACS:
· FR1: The interference to the DL sub-bands should be assumed to be (UE TX power) – 33dB (ACS)
· FR2: The interference to the DL sub-bands should be assumed to be (UE TX power) – 23dB (ACS)

· 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?
On UE side, as the aim is no impact on UE specification is expected considering the objective of SI, starting point for RAN4 would be to use existing specifications and extrapolate the model from RF requirements for UE. For the adjacent channel operator, based on the current UE specifications, RAN4s proposal is to model the receiver impact to the victim as a ratio (ACS) and either (i) ACLR or (ii) the transmitter leakage as fixed PSD (see responses above). Using this approach, the UE-UE interference is aligned to the UE specification.

FFS: How to make use of the interference model in RAN1
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