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1	Introduction 
The SI of “Study on evolution of NR duplex operation” was recently approved [1], in which inter-gNB and inter-UE CLI handling and solution are studied. RAN1 started their work and sent an LS to RAN4 asking for the CLI modeling in the following scenarios [2]: 
· self-interference modelling for system level simulation
· gNB-gNB and UE-UE co-channel inter-subband CLI modelling for system level simulation
· gNB-gNB and UE-UE adjacent-channel CLI modelling for system level simulation
In this contribution, we share our views on UE-UE co-channel inter-subband CLI modelling and UE-UE adjacent-channel CLI modelling. 
2	Discussion
2.1 UE-UE co-channel inter-subband CLI modelling
In this section, we discuss the model of both TX and RX interference for the co-channel case.
2.1.1 TX unwanted emission
For the co-channel case, since RAN4 has specified the in-band emission requirement to consider effects of TX non-linearity, carrier leakage, IQ imbalance, TX noise, as shown in the figure below for illustration purpose only
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Fig. 1: Illustration of in-band TX impairments

The in-band emission is defined as the average emission across 12 sub-carriers and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB. The requirement for FR1 is copied below:
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Fig. 2: In-band emission requirement in 38.101-1

With the in-band emission requirement, the interference experienced by a victim RB can be derived. Therefore, we propose:

Proposal 1: For UE-UE co-channel inter-subband CLI modeling of TX unwanted emission, use the in-band emission requirement in 38.101-1 (FR1) and 38.101-2 (FR2). 

2.1.2 RX selectivity/blocking
To model RX selectivity/blocking, we consider the following two factors:
· RX saturation: as we understand, if the input signal power is high, the RX is saturated. In RAN4, we have the requirement of maximum input level, above which the RX could be saturated. Therefore, any inter-suband interference higher than the maximum input level will lead to receiver degradation. It is assumed that the RX will not correctly decode the data.
· Second-order and third-order distortion (second/third-order nonlinearity of RF chain, i.e. LNA, mixer).

It is also noted that UE RX does not have any filtering to mitigate such in-channel blocker. 

Therefore, we propose the following modeling in proposal 2:



Proposal 2: For UE-UE co-channel inter-subband CLI modeling of RX selectivity/blocking, use the current maximum input level specified in RAN4 as a threshold:
· If inter-subband interference is higher than the threshold, it is assumed it will result large receiver degradation and hence the RX will not correctly decode the data
· For inter-subband interference that is smaller than the threshold, treat the blocker as interference, i.e. consider a dB-to-dB increase of interference due to blocker power
2.2 UE-UE adjacent-channel CLI modelling
In this section, we discuss the model of both TX and RX interference for the adjacent-channel case.
2.2.1 TX unwanted emission
To TX unwanted emission into adjacent channel, there are existing SEM/ACLR requirements to limit emission due to TX non-linearity, carrier leakage, IQ imbalance, TX noise. Since SEM provides the absolute emission level while ACLR provides a relative emission with respect to TX power, ACLR is more suitable for the modeling. Since ACLR is specified with the assumption of adjacent channel bandwidth being equal to the assigned channel, it needs some adaptation to make it apply to UE transmission that does not occupy the entire channel. We use the following figure to show our proposed model.
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Fig. 3: Model of TX unwanted emission in adjacent channel


In Fig. 3, it is proposed to have two ACLR levels, ACLR_level_1 is used for the RB allocation (of the same number of RBs as for interfering RB allocation) in the victim channel next to the interfering RB allocation, and ACLR_level_2 is used for the rest of the victim channel for each RB allocation of the same number of RBs as for interfering RB allocation. Given the ACLR for PC3 is 30dB, the values of ACLR_level_1 and ACLR_level_2 are discussed and agreed. A starting point is 28dB and 33dB, respectively.
  
If the victim RB allocation has a different number of RBs than that for the interfering RB allocation, the emission power can be scale up or down accordingly with the use of ACLR_level_1 and ACLR_level_2.

Proposal 3: For UE-UE adjacent-channel CLI modeling of TX unwanted emission, use the two ACLR level model shown in Fig. 3.


2.2.2 RX selectivity/blocking
There are quite a few factors that affect RX SNR due to RX non-linearity in the presence of adjacent channel blocker.
· DC or near DC frequency components due to RX second-order non-linearity
· Cross modulation of the blocker due to third-order non-linearity
· RX reciprocal mixing
· BB filtering

In addition, the receiver SNR may suffer further degradation due to receiver gain backoff in the presence of a blocker in the adjacent channel. 

Current RAN4 core requirements only covers blockers with either 5MHz bandwidth or channel bandwidth of the wanted signal. As such, it is hard to develop an selectivity/blocking model relative to frequency offset between victim RBs and the blocker. It is also noted that in the core requirement, the highest power of the blocker is -25dBm.

As such, we have the following model:
Proposal 4: For UE-UE adjacent-channel inter-subband CLI modeling of RX selectivity/blocking, use the following model:
· If the blocker is higher than -25dBm, it is assumed it will result large receiver degradation and hence the RX will not correctly decode the data
· For the blocker that is smaller than -25dBm, use the ACS values to calculate the resulting interference
· In addition, consider a 5dB SNR degradation due to receiver gain backoff   

3	Conclusions
In this contribution, we make the following proposals on providing the CLI modeling:
Proposal 1: For UE-UE co-channel inter-subband CLI modeling of TX unwanted emission, use the in-band emission requirement in 38.101-1 (FR1) and 38.101-2 (FR2). 
Proposal 2: For UE-UE co-channel inter-subband CLI modeling of RX selectivity/blocking, use the current maximum input level specified in RAN4 as a threshold:
· If inter-subband interference is higher than the threshold, it is assumed it will result large receiver degradation and hence the RX will not correctly decode the data
· For inter-subband interference that is smaller than the threshold, treat the blocker as interference, i.e. consider a dB-to-dB increase of interference due to blocker power
Proposal 3: For UE-UE adjacent-channel CLI modeling of TX unwanted emission, use the two ACLR level model shown in Fig. 3.
Proposal 4: For UE-UE adjacent-channel inter-subband CLI modeling of RX selectivity/blocking, use the following model:
· If the blocker is higher than -25dBm, it is assumed it will result large receiver degradation and hence the RX will not correctly decode the data
· For the blocker that is smaller than -25dBm, use the ACS values to calculate the resulting interference
· In addition, consider a 5dB SNR degradation due to receiver gain backoff   
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Table 6.4.2.3-1: Requirements for in-band emissions

Parameter Unit Limit (NOTE 1) Applicable
description Frequencies
General dB max{ —25-10-10g,i(N s / Legg) Any non-allocated
(NOTE 2)
20-log,y EVM =3 =5-(|0ps| =1/ Legg
—57dBm +10log,, (SCS /15kHz)— Py, }
1Q Image dB -28 Image frequencies when output power > 10 dBm Image
frequencies
(NOTES 2, 3)
-25 Image frequencies when output power < 10 dBm
Carrier dBc -28 Output power > 10 dBm Carrier leakage
leakage frequency
(NOTES 4, 5)
-25 0 dBm < Output power < 10 dBm
-20 -30 dBm < Output power < 0 dBm
-10 -40 dBm < Output power < -30 dBm
NOTE 1: An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the

NOTE 2:

NOTE 3:

NOTE 4:

NOTE 5:

NOTE 6:
NOTE 7:
NOTE 8:

NOTE 9:

NOTE 10:

NOTE 11:

minimum requirement is calculated as the higher of P - 30 dB and the power sum of all limit values

(General, 1Q Image or Carrier leakage) that apply. P is defined in NOTE 10.

The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-
allocated RB to the measured average power per allocated RB, where the averaging is done across all
allocated RBs. For pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power
in one non-allocated RB to the measured power in the allocated RB with highest PSD.

The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated
bandwidth, based on symmetry with respect to the carrier leakage frequency, but excluding any allocated
RBs.

The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-
allocated RB to the measured total power in all allocated RBs.

The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in
UplinkTxDirectCurrent IE, and are those that are enclosed either in the RB containing the carrier leakage
frequency, or in the two RBs immediately adjacent to the carrier leakage frequency but excluding any
allocated RB.

Lcrsis the Transmission Bandwidth (see clause 5.3).

Nrs is the Transmission Bandwidth Configuration (see clause 5.3).

EVM is the limit specified in Table 6.4.2.1-1 for the modulation format used in the allocated RBs.

Ay is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g.
5= 1 or Azs = -1 for the first adjacent RB outside of the allocated bandwidth.

PR p IS an average of the transmitted power over 10 sub-frames normalized by the number of allocated

RBs, measured in dBm.
For almost contiguous allocations defined in clause 6.2.2, Lcrs = NRrs_alioc + Nre_gap With N0 in-gap emission
requirement.
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