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0 Introduction
As indicated in SID, RAN4 scope includes feasibility study and RF requirement impact due to self-interference, co-channel inter sub-band CLI and adjacent-channel CLI scenarios. In this contribution we consider how to model the UE-to-UE interference. 
We recognize RAN4 has provided information to RAN1 on this modelling effort. We should keep in mind that if we make additional agreements during this meeting, we should provide RAN1 with the updated information.
1 UE-UE CLI model

In RAN4#104e the WF included the following agreements:

· Using existing UE RF requirements to estimate UE performance and if needed extrapolating them for system level studies
Candidate considerations for UE-UE CLI model: 

· TX model can refer to existing UE requirement in TS38.101-1 and TS38.101-2

· In band emission as starting point

· FFS is not precluded for other candidates such as ACLR

· RX model can refer to existing UE requirement in TS38.101-1 and TS38.101-2

· Maximum input power as threshold based on above specification

· FFS is not precluded for other candidates such as ACS, ICI, and estimated RX model based on legacy UE. 
In this document we include additional considerations.
Modelling the effect of aggressor UE uplink unwanted emissions in victim sub-band
For UE-UE CLI modelling the close-in harmonics of the aggressor UE uplink may interfere with the victim UE DL. RAN4 is planning to study the level of interference from the aggressor to the victim in system study, and this aspect will be considered as part of the study, 

The UE does have existing minimum requirements that specify how well the intended transmission is confined to either the channel bandwidth or the allocated transmission bandwidth. These are ACLR, occupied bandwidth, and in-band emissions. 
Inband emissions is a complex mask that where the allowed emission level is a function of both allocation bandwidth and distance from the nearest allocated RB. This may be more complex to implement than some other options discussed here, however it is certainly doable.

Option 1: Use IBE-based model for both FR1 and FR2.
This leaves us with ACLR or occupied bandwidth as candidates. For FR1, the ACLR requirement is more stringent than occupied bandwidth. For FR1 using ACLR makes sense. Let’s consider ACLR, and specifically how to model the ACLR-type interference over power.
The UE ACLR requirement is 33 dB, and it applies from the maximum transmit power and down to the power at which the adjacent channel leakage is -50 dBm ( 38.101-1 6.5.2.4.1). The simplest model we can consider is a model where leakage into the victim sub-band is 33 dB down for all aggressor power levels. The frequency range of the leakage is equal to the bandwidth of the aggressor transmission bandwidth, so only and ‘ACLR1 type interference’. Using a single value for all aggressor power levels is a simple solution, and it may be sufficient unless the simulations tend to have aggressors with very low transmit power

Option 2: Model A: Use an ACLR1-type model that is applicable over all aggressor power levels. This model would be a suitable candidate if the aggressor UE power is generally not very low. This is the most basic and simple model.
An enhancement to Model A would be to apply a floor to the interference level of -50 dBm. This is based on the -50 dBm floor as mentioned above.

Option 3: Model B: Use an ACLR1-type model that is applicable over all aggressor power levels. In additional apply a -50 dBm floor to the interference to reflect the limit in 38.101-1. This is Option 2 with a floor value.
Over power, the FR1 ACLR of a UE may be relatively flat, or for some UE designs it may improve at some rate as the output power is reduced from the maximum value. The value of the ACLR performance over power is not specified, nor should it be, Different UE designs may behave differently. For a UE with ACLR that tends to improve as power is reduced, the ACLR value will reach a point where it no longer improves. For this type of model, we can consider ACLR-type interference to improve 1 dB for each dB of power reduction from maximum and model the ACLR improvement with power as 8 dB maximum.
Option 4: Model C: Use an ACLR1-type interference model that improves 1 dB per dB of power reduction from maximum, with at most 8 dB of ACLR improvement. In additional apply a -50 dBm floor to the interference to reflect the limit in 38.101-1. This is Option 3 with power dependent ACLR1-type interference.
We do understand the motivation for the FR1 2-step ACLR approach as discussed in RAN4#104e. It is relatively easy to implement. Our view is that ACLR2 is a second-order effect, and our preference is ignoring ACLR2
Proposal: Omit ACLR2 from the modelling as it is less significant than ACLR1, however if a majority of companies anticipate ACLR2 to provide useful information we can discuss why that is during the meeting.
For FR2

FR2 should take a similar approach as FR1, however there the value for FR2 should be taken from the 99% occupied BW requirement, as it is more stringent than the FR2 ACLR limit.

Proposal: FR2 should adopt the same method as FR1 however if an ACLR1-type model is selected then 

· OBW should define the full power value for FR2

· If there is an interference floor it should be taken from 38.101-2 6.5.2.3.
Blocking effect of aggressor UE intended transmission on victim UE receiver
Co- channel inter-UE CLI depends in part on a receiving UE’s in-channel selectivity. It would be safe and appropriate 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 roughly approximated as shown in the figure below as one example. Note that here, ‘Input Level’ refers to the total 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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The UE receiver may see some degradation due to the CLI 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. 

Another consideration is the behaviour of the victim UE receiver at high power levels, levels beyond the specified maximum power in 38.101-x. This may or may not be a likely condition in a RAN1 or RAN4 study, however it may be prudent to and feasible to include this as a consideration. To capture this behaviour the expedient approach could be to consider the SINR to be poor at power levels beyond the specified maximum input power.
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.

· The UE behaviour beyond the specified maximum power level is undefined, and some SINR indicating ‘poor performance’ may be included in modelling.

Modelling this behaviour may be beneficial to RAN1 and RAN4 for system simulations. 
Proposal: RAN4 to consider and discuss the blocking receiver model as shown in the figure.
2 Conclusions

RAN4 to consider these options for FR1:
Option 1: Use IBE-based model for both FR1 and FR2.
Option 2: Model A: Use an ACLR1-type model that is applicable over all aggressor power levels. This model would be a suitable candidate if the aggressor UE power is generally not very low. This is the most basic and simple model.
Option 3: Model B: Use an ACLR1-type model that is applicable over all aggressor power levels. In additional apply a -50 dBm floor to the interference to reflect the limit in 38.101-1. This is Option 2 with a floor value.
Option 4: Model C: Use an ACLR1-type interference model that improves 1 dB per dB of power reduction from maximum, with at most 8 dB of ACLR improvement. In additional apply a -50 dBm floor to the interference to reflect the limit in 38.101-1. This is Option 3 with power dependent ACLR1-type interference.

For FR2:

Proposal: FR2 should adopt the same method as FR1 however if an ACLR1-type model is selected then 

· OBW should define the full power value for FR2

· If there is an interference floor it should be taken from 38.101-2 6.5.2.3.

RAN4 to discuss whether to exclude ACLR2 modelling:
Proposal: Omit ACLR2 from the modelling as it is less significant than ACLR1, however if a majority of companies anticipate ACLR2 to provide useful information we can discuss why that is during the meeting.

UE receiver modelling approximation for SBFD study:
Proposal: RAN4 to consider and discuss the blocking receiver model as shown in the figure.
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