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Introduction 
At the November 2022 RAN4 meeting, a WF containing several agreements was made regarding the feasibility of the UE RF aspect [1]. Specifically,

Issue 2-1-3.1: Configuring the UE channel bandwidth to be a sub-band for selectivity
· For legacy UE: Companies are encouraged to bring more analysis on the achievable selectivity performance considering FFT operation 
· The analysis shall be based on the assumption that there is no impact on legacy UE implementation. 
· For new SBFD capable UE, further analysis of the possibility to improve selectivity performance under the assumption that UE channel bandwidth not equal the sub-band bandwidth.
Issue 2-1-3.2: Receiver sub-band selectivity
Proposed agreement:
1. For legacy UE: For receiver sub-band selectivity, no rejection/attenuation due to RF/BB filtering is assumed on interference in adjacent sub-band as legacy UEs do not operate this way.
a. Use typical model for UE selectivity value
b. The selectivity and performance of the FFT is included in RAN4 study for co-channel case
i. FFS whether the adjacent channel case requires the selectivity and performance of the FFT. 
c. RAN4 should consider interferer with timing or frequency offset or both w.r.t. the desired signal for the co-channel case
i. FFS whether this applies to the adjacent channel case
2. For new SBFD capable UE, further analysis of the possibility to improve selectivity performance under the assumption that UE channel bandwidth not equal the sub-band bandwidth.
3. Companies come next meeting with technical proposals on the level of interference from an UL sub-band co-channel interferer to the UE DL sub-band. So far companies have proposed:
a. 33 dB at the ADC output (for FR1) based on typical performance. FFS for FR2-1
b. 25 dB (for FR1 and FR2-1)
c. 0 dB (for FR1 and FR2-1)
d. Other values not precluded for discussion next meeting.



It was determined that an aggressor UE transmitting 20 MHz of UL in the middle of the carrier would not be attenuated by the RF of a victim UE attempting to receive in the DL sub-bands, meaning both a high-power interference from the UL sub-band and low-power signal from the DL sub-band could be received by the UE in the DL sub-band. It was proposed that more investigation should be done by companies on the FFT suppression of the interference, particularly when the UL sub-band has frequency errors and is not time-synchronized with the DL sub-band.
This contribution delves deeper into the FFT selectivity performance by taking into account the time synchronization errors and frequency offset for both FR1 and FR2. Additionally, the paper introduces a proposed value of the in-band selectivity.
Discussion
As previously introduced, there is an impact of interference when two nearby UEs in the same cell/or different cells are transmitting and receiving different RB allocations (in the UL and DL sub-bands respectively) at the same time. The interference may come from leakage from the transmitting UE (it was agreed that such interference can be modeled based on the IBE requirement) or from non-ideal selectivity in the receiving UE and may reduce the quality of service experienced by the DL UE.

[image: ]
Figure 1. Illustration of the impact of UE-UE interference with FFT selectivity.


Frequency errors/Time synchronization

It was agreed at the previous RAN4 meeting to assume that there is no additional mechanism in the RF front end to mitigate the interference from the UL sub-band UE in the DL UE receiver. Two aspects will impact the selectivity; receiver RF non-linearities leading to IM products from the RX RBs falling into the RX sub-bands and the FFT suppression of the interference level. 

According to the agreement in the WF, RAN4 should investigate the impact of the interference of the time and frequency offset. This could involve simulating test signals with known or predefined levels of frequency error and time-synchronization error, and then measuring the resulting performance of the FFT in terms of its ability to suppress interference, the diagram is shown in Figure 2. By analyzing the results, one can better understand the impact of time/frequency error on the FFT selectivity and determine whether the current requirements and methods for mitigating interference are sufficient.
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[bookmark: _Ref126919753]Figure 2. Diagram of FFT selectivity with time/frequency errors.

For FR1, we assume a carrier bandwidth of 100MHz with 30 kHz SCS for both the SBFD operator and an adjacent operator. We assume that in SBFD sub-frames, the center 51 RBs are used for UL transmission, leaving 106 RBs for DL transmission on either side as shown in Figure 3. 
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Figure 3. FR1 SBFD DUD configuration for the FFT selectivity analysis.

For the analysis of the impact, the two geographically adjacent Ues will be used as the basis with extreme conditions. The simulation results showed that SNRs of 50 dB and 39 dB were achieved with these extreme conditions of frequency and time variation, without taking the RF non-linearity effect into consideration. Considering RF effects, if the receiver supports an RX EVM of e.g. 2% then receiver linearity would limit the SNR to around 34dB. RX IM3 due to the high-power UL signal outside of the DL RX would have an impact somewhat lower than the in-band EVM but would still likely dominate compared to FFT selectivity. This indicates that the FFT selectivity and frequency/time errors would not be the primary factor influencing the impact of the UE-UE interference. The dominating factor would be the RF front-end linearity.

Observation 1: Frequency and time synchronization errors are not the primary factors influencing UE-UE interference for FR1.

The impact of the RF front end will depend on the targeted RX IM and EVM performance. However, it will not be any worse than the ACS. So, in practice, to ensure a sufficient margin for the non-linearity of the amplifier’s implementation, we propose to assume 33 dB as the in-band selectivity level. This should ensure that also RF IM3 degradations are accounted for.

For FR2, we assume a carrier bandwidth of 200MHz with 120 kHz SCS for both the SBFD operator and an adjacent operator. We assume that in SBFD sub-frames, the center 32 RBs are used for UL transmission and 47 RBs for DL transmission on either side as shown in Figure 4. The simulation results showed that SNRs of 46 dB and 33 dB were achieved with these extreme conditions of frequency and time variation, without taking the RF non-linearity effect into consideration.
The same considerations as for FR1 apply when considering the RF. For FR2, the ACS is lower than FR1 and might be pessimistic compared to the RF degradation. Still, it can be used as a benchmark for the performance and is the only benchmark in the 3GPP specifications that is really usable.
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[bookmark: _Ref127184742]Figure 4. FR2 SBFD DUD configuration for the FFT selectivity analysis.

Conclusion


Based on the previous analysis and discussions, we made the following observations and proposals:

Observation 1: Frequency and time synchronization errors are not the primary factors influencing UE-UE interference for FR1.

Observation 2: Frequency and time synchronization errors are not the primary factors influencing UE-UE interference for FR2.

Compare and calculate SNR

Proposal 1: Propose to use 33 dB as the in-band selectivity in FR1

Proposal 2: Propose to use 23 dB as the in-band selectivity in FR2
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FR1SBFD DUD Structure
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FR2-1SBFD DUD Structure
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