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[bookmark: _Toc116995841]Introduction
During last RAN1#112 meeting an LS on interference modeling for duplex evolution was sent to RAN4 [1]. 
In this contribution we discuss further details related to UE NF model and propose to use for SBFD simulations nonlinear NF model.

[bookmark: _Toc116995842]Discussion
Part of RAN1 LS [1] related UE is presented below: 
	Working assumption:
For SLS in RAN1, if both large-scale and small-scale fading are modelled for UE-UE co-channel channel model, the UE-UE co-channel inter-subband CLI signal across all Rx chains at DL RB  at victim UE can be modeled as:
 where,
·  is the first part of UE-UE co-channel inter-subband CLI across all Rx chains at DL RB , caused by power leakage at aggressor UE,
·  is the  channel matrix between aggressor UE and victim UE at DL RB , the beamforming of the aggressor UE and the victim UE can be taken into account by 
·  is the number of Rx chains and  is the number of Tx chains
·  is the  normalized wideband UL digital precoder of the aggressor UE, .
· ,
·  , , is modelled as white Gaussian noise
·  has the same meaning as in the agreement for the case only large-scale fading is modelled
·  is modelled as frequency flat

 
· , , is modelled as white Gaussian noise, 
·  
·  is the  channel matrix between aggressor UE and victim UE at UL RB , the analog beams of the aggressor UE and the victim gNB can be taken into account by ,
·  is the  normalized wideband UL digital precoder of the aggressor UE, 
·  is the symbol transmitted at UL RB  at aggressor UE with transmission power for each layer as .
·  has the same meaning as in the agreement for the case only large-scale fading is modelled
·  is the total number of UL RBs in the UL subbands,
·  is in linear scale. For the value of , it is up to RAN4. Companies can report the value used in their simulation before receiving RAN4’s further input.
Send an LS to RAN4 to inform them of the above agreement and to check if the RAN1 agreement is inline with RAN4’s understanding.




The final issue discussed in the RAN 1 LS refers to the working agreement above. In general, we believe that the working agreement is inline with the RAN4’s understanding, but we would like to further discuss the selectivity ,  
In our contribution R4-2212848 [2] section 3.3, we discussed the magnitude of the UE desensitization due to UE-to-UE interference, which depends on the distance between aggressor and victim UE, on the ACLR contribution and also on the IMD3 contributions. In our previous contribution R4-2219810 [3], we proposed a model for the NF of the BS receiver that takes into account all input signals (i.e. own DL signal, UL signals, and any other signals together). A simplified version of it was agreed [4]. That NF model covers the finite ADC dynamic range, effect of AGC, and potentially also intermodulation. 
· In our view, a similar model has to be defined for the UE. In this model, we consider the following assumptions: Wide band intermodulation requirements are specified in TS38.101-1 clause 7.8. It states that the UE need to meet the same BER requirements as for REFSENS while two interfering out of band RF signals are present. Conformance test is done using interfering signal levels of -46 dBm while the wanted signal strength is 6 to 16 dB above the REFSENS requirement according to TS38.101-1 clause 7.8. For this test, the test signals are defined such that all the single sided RF power caused by IMD3 from the two interfering signals are folding into the victim receive bandwidth.
· Maximum input level that the UE can be expected to receive is -25 dBm according to TS38.101-1 chapter 7.4. 
· According to RAN 1 assumption the UE noise figure has been agreed to be 9 dB (FR1) for 3GPP RF system consideration. FR2: 10 dB 
A UE NF model can be derived as indicated below in figure 1 with values presented in table 1 based on the assumptions discussed above:  




Figure 1. Behavior of UE NF as a function of the short-term average total input power in the operating band
Table 1. Example parametrization of proposed UE NF model
	
	UE linearity, FR1 

	Enhanced UE linearity, FR1
	FR2
	

	A
	-46
	-30
	(-46, FFS)
	dBm

	B
	-25
	-25
	(-25, FFS)
	dBm

	C
	9
	9
	10
	dB

	D
	72
	24
	FFS
	dB



The model above covers cases where combinations of jammer signals are distributed in the frequency domain such that their IMD3 products all fall into the victim receive band (section 3.2 in [2]). The slope from A to B should therefore be 3 and: 
D = C + 3*(B-A)
The following important facts should be considered:  
· Most 3GPP bands are shared between several operators. 
· RF front end filters used in UE’s are normally covering whole bands. 
· Uplink traffic from operators that use SBFD will therefore not be filtered at all by filters in SBFD aggressor RF front end’s or in victim RF front ends. 
· The only isolation that can be assumed is RF isolation due the coupling loss between aggressor UE’s and victim UE’s. 
· Guard band between spectrum deployed by adjacent operators is so small that there are no practical RF front end filters that can provide sufficient isolation to suppress input signals from spectrally adjacent networks. 
Consider
- typical deployments where several operators are sharing the same band and
- clusters of UEs at cell edge that are connected to two or more operators of which one has deployed SBFD.
In such scenario, the quality of service is for sure degraded in the “victim” network and certainly more likely or severe if the networks are fully loaded. It should be considered if this can be accepted at all by “victim operators”. 

It is proposed to apply nonlinear UE NF model presented above.
The level on the x-axis of the NF model is a short-term average of the UE's total input signal level in the operating band. Short-term means that the averaging periods should cover at most a scheduling period such as a slot.
 If only the input level resulting from one network in the operating band is known or simulated, the input to the NF model should be scaled according to the typical number of operators using SBFD in the operating band.


[bookmark: _Toc116995848]Conclusion
In this contribution we discuss how to mode the UE’s NF. We have made following proposal for UE NF model:
Proposal 1: It is proposed to apply nonlinear UE NF model for SBFD simulations presented in section 2 and copied below:



Copy of Figure 1. Behavior of UE NF as a function of the short-term average total input power in the operating band

Copy of Table 1. Example parametrization of proposed UE NF model
	
	UE linearity, FR1 

	Enhanced UE linearity, FR1
	FR2
	

	A
	-46
	-30
	(-46, FFS)
	dBm

	B
	-25
	-25
	(-25, FFS)
	dBm

	C
	9
	9
	10
	dB

	D
	72
	24
	FFS
	dB



Proposal 2: If only the input level resulting from one network in the operating band is known or simulated, the input to the NF model should be scaled according to the typical number of operators using SBFD in the operating band.
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