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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 Co-channel UE TX aggressor toward victim (FR2-1) agreement clarification
In the way forward from the last meeting [4] we note that there was a typo in the agreement 1.2.2. 

Incorrect Agreement: Use the same approach as in adjacent channel aggressor model for FR2-1
We are including the corrected agreement here

Proposal corrected agreement FR2-1 co-channel TX: 

 Use the same approach as in co-channel aggressor model for FR1
2 UE channel bandwidth configuration for SBFD
In the WID it is important to note the objective is to study the performance of existing UEs. From [3]:
In this study, the followings are assumed:

· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
In RAN4#104-bis-e some questions were raised about having the UE configure its receive bandwidth to the downlink sub-band. The UE channel bandwidth must be configured to include both the uplink and downlink sub-bands in order for the UE to be capable of transmitting UL or DL. A UE with channel configured on a DL sub-band loses the capability of quickly transmitting on the adjacent UL sub-band as in required for TDD operation. 
Observation channel configuration: 
It is not possible to operate a SBFD UE by having its channel bandwidth configured to a sub-band bandwidth. For SBFD operation the UE must have its channel bandwidth configured just like a legacy TDD UE to include the UL and DL sub-bands.
3 Typical vs worst case UE model parameters

The goal of the study item is to evaluate the performance of the SBFD system in various deployment scenarios. RAN4 is not determining any different core RF requirements for the UE. The UE is a legacy. From the UE standpoint it is reasonable to provide typical UE modelling parameters to represent a collection of typical UEs, and not a collection of worst-case UEs which will never happen in the real world. Although worst-case UEs will exist the more accurate representation of the UE is typical.

Up to this point we have discussed parameters related to worst-case UE performance, primarily because RAN4 deals in worst-case in specifications in order to specify minimum performance requirements for equipment. UE-UE CLI will become most significant when we study UE-dense deployments such as indoors or clustered UEs. Using typical models for the UE will result in a more accurate assessment of the feature and avoid over-burdening the BS with underperforming UEs.

In the RAN1 meeting #110, it was agreed that UE clustering is considered as baseline for Urban Macro and Dense Urban Macro layer deployment, at least for FR1. In that model, 80% of the UEs are uniformly dropped within the UE clusters where each cluster has a radius R. 

The figure below shows the UE-UE coupling loss comparing UE clustering method with R=25 (legend as ‘calibration’) versus uniform UE drop within the macro-cell area (legend as ‘Legacy’). As can be seen from the figure, with UE clustering the mean (50%) coupling loss is reduced by roughly 12 dB as compared to random uniform UE dropping with same minimum 1m UE-UE distance. In addition, there is a big shift of LOS UEs using the clustering method as shown in the second figure.

Observation typical case: UE-UE CLI becomes more significant in a UE-dense deployment, for example the clustered deployment.
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We should consider adjustment of the model parameters for typical as UE-UE CLI will become more significant

Proposal typical case: RAN4 to implement UE model parameters to reflect typical performance rather than worst-case. 
4 Adjacent channel UE TX aggressor toward victim (FR1)

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

Agreement: 

· 30 dB is the total distortion power on either side of a fully allocated uplink sub-band. The ACLR1 distortion PSD is modeled as flat over that range (From the agreement below) 

· FFS whether we need to consider whether we need to model allocations that are less than fully  allocated uplink sub-bands
Our view a slight additional clarification is needed explaining that the FR1 frequency to be studied was used to arrive at the value. Note that NR ACLR in FR1 depends on the operation frequency.
Proposal clarification of ACLR1 for 4 GHz:

· 30 dB is the total distortion power on either side of a fully allocated uplink sub-band. The ACLR1 distortion PSD is modeled as flat over that range. 
· 30 dB was chosen based on the 38.101-1 NRACLR for 4 GHz simulation frequency. 
· RAN4 to further discuss improvement of the 30 dB to represent typical UE
5 Co-channel UE TX aggressor toward victim (FR1 and FR2-1)
In RAN4 #104bise the following agreements were made for FR1 and FR2
Agreement: Use  IBE-based model for co-channel

Agreement: IBE-based model granularity is 1 RB.

Agreement: The IBE-based model should Include the image aspect of IBE and assume the LO is in the middle of the channel to allow for correct placement of the image frequency
It is useful to provide a more specific reference for those implementing the model
Proposal clarification of IBE model: 

· The FR1 co-channel TX aggressor model is specified in 38.101-1 Table 6.4.2.3-1.

· The FR2-1 co-channel TX aggressor model is specified in 38.101-2 Table 6.4.2.3.4-1.
· RAN4 to further discuss improvement of the IBE to represent typical UE
6 Adjacent channel RX victim model at ADC output
In RAN4 #104bise the following agreements were made for FR1
Agreement:

· agree 33 dB value (33 dB comes from ACS) as performance point in the RX model
· Agreement: agree 23 dB value (from ACS) as performance point in the FR2-1 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 (100% packet loss)
Note the -25 dBm maximum input threshold for the model WF should refer to the total input power, and not to just the blocker power. We have included the clarification on input power in the table below. We have also included an adjustment to represent the typical UE.
Proposal adjacent channel RX model:
For FR1: Pinterference_adjacent_channel_FR1 = Pinterferer – (33 dB + 10*log10(max(1,BWinterference /BWvictim_subband)))

For FR2-1: Pinterference_adjacent_channel_FR2-1 = Pinterferer – (23 dB + 10*log10(max(1,BWinterference /BWvictim_subband)))

RAN4 to further discuss improvement of the 33/23 dB to represent the typical UE
The model does not decode the signal for total input power > -25 dBm. Input power includes interferer and desired signal.

7 Receiver co-channel modelling at ADC output
Co- channel inter-UE CLI depends in part on a receiving UE’s in-channel selectivity. There are a few factors to consider for the UE in-channel selectivity. With an in-channel adjacent-sideband interferer the 3rd order distortion, reciprocal mixing, residual sideband, quantization noise, and analog filtering should be considered.

We performed co-channel interference simulations of a typical UE receiver for various signal levels, interferer levels, interferer offsets, sub-band bandwidths, and interferer bandwidths.  

We find that the interference in the victim sub-band can be modelled as approximately 33 dB below the interferer level. Interference is approximately frequency flat across the victim. For cases where the victim sub-band bandwidth is narrower than the interferer bandwidth the interference should be scaled down.
For FR2 we propose the same for of model, with the base value as FFS 
Proposal RX co-channel modelling:
For FR1: Pinterference_co-channel_FR1 = Pinterferer – (33 dB + 10*log10(max(1,BWinterference /BWvictim_subband)))
For FR2-1: Pinterference_co-channel_FR2-1 = Pinterferer – (FFS dB + 10*log10(max(1,BWinterference /BWvictim_subband)))

The model does not decode the signal for total input power > -25 dBm. Input power includes interferer and desired signal.
8 Noise model for UE receiver
In the last RAN4 meeting we proposed a detailed noise model for the UE which included the effect of gain state switching. This model was detailed in the behaviour of the UE noise, however a simpler model will suffice for our system evaluation purpose. Once the SINR is greater than approximately 30 dB the noise aspect of the signal becomes insignificant. We agree with the noise modelling as a noise figure value over all input power ranges.
For both FR1 and FR2-1 it is appropriate to use the values from 38.828 which are relatively well aligned with REFSENS. 
We don’t see the need for an adjustment for typical, as we have proposed for other parameters, as the low SINR regime at the UE will not be significant in evaluating the SBFD feature.
Proposal FR1 UE noise figure value: Use 9 dB from Table 5.2.1.1.1-1: Single operator layout for urban macro in FR1 (4 GHz) in TR 38.828. 
Proposal FR2 UE noise figure value: Use 10 dB from Table 5.2.2.4-1: Other simulation parameters in TR 38.828

9 Conclusions

Proposal corrected agreement FR2-1 co-channel TX: 

 Use the same approach as in co-channel aggressor model for FR1
Observation channel configuration:
 It is not possible to operate a SBFD UE by having its channel bandwidth configured to a sub-band bandwidth. For SBFD operation the UE must have its channel bandwidth configured just like a legacy TDD UE to include the UL and DL sub-bands.
Observation typical case: UE-UE CLI becomes more significant in a UE-dense deployment, for example the clustered deployment.

Proposal typical case: RAN4 to implement UE model parameter performance improvement to reflect typical performance. Specifically: IBE, ACLR, ACS based model parameters.
Proposal clarification of ACLR1 for 4 GHz:

· 30 dB is the total distortion power on either side of a fully allocated uplink sub-band. The ACLR1 distortion PSD is modeled as flat over that range. 

· 30 dB was chosen based on the 38.101-1 NRACLR for 4 GHz simulation frequency. 
· RAN4 to further discuss improvement of the 30 dB to represent typical UE
Proposal clarification of IBE model: 

· The FR1 co-channel TX aggressor model is specified in 38.101-1 Table 6.4.2.3-1.

· The FR2-1 co-channel TX aggressor model is specified in 38.101-2 Table 6.4.2.3.4-1.
· RAN4 to further discuss improvement of the IBE to represent typical UE
Proposal adjacent channel RX model:
For FR1: Pinterference_adjacent_channel_FR1 = Pinterferer – (33 dB + 10*log10(max(1,BWinterference /BWvictim_subband)))

For FR2-1: Pinterference_adjacent_channel_FR2-1 = Pinterferer – (23 dB + 10*log10(max(1,BWinterference /BWvictim_subband)))

RAN4 to further discuss improvement of the 33/23 dB to represent the typical UE
The model does not decode the signal for total input power > -25 dBm. Input power includes interferer and desired signal.

Proposal RX co-channel modelling:
For FR1: Pinterference_co-channel_FR1 = Pinterferer – (33 dB + 10*log10(max(1,BWinterference /BWvictim_subband)))

For FR2-1: Pinterference_co-channel_FR2-1 = Pinterferer – (FFS dB + 10*log10(max(1,BWinterference /BWvictim_subband)))

The model does not decode the signal for total input power > -25 dBm. Input power includes interferer and desired signal.

Proposal FR1 UE noise figure value: 
Use 9 dB from Table 5.2.1.1.1-1: Single operator layout for urban macro in FR1 (4 GHz) in TR 38.828.

Proposal FR2 UE noise figure value: 
Use 10 dB from Table 5.2.2.4-1: Other simulation parameters in TR 38.828
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