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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
3GPP RAN1 has sent LS to RAN4 in R1-2205543 [1] where RAN1 asks RAN4 information on modeling of the co-channel and adjacent channel interference in system simulations. In questions 2 and 3 RAN1 is specifically asking on possibilities to take frequency dependent characteristics of RX an TX into account when modeling the interference between the aggressors and victims.
RAN4 replied to RAN1 in R4-2214376 [2] where answers with frequency flat approach are provided, but RAN4 also agrees to discuss other candidates.
This contribution shows simulation results for UE TX emissions using the UE TX non-linearity model similar to ones provided in TR 38.803 and discusses a sub-band approach for modeling of TX emissions in system simulations.
Sub-band modeling for the UE TX emissions
The frequency characteristics for UE TX emissions are studied in this contribution by using 100MHz UL waveform (details shown below) and UE TX non-linearity model similar to ones described in TR 38.803. These parameters are selected as examples to study the frequency dependent characteristics of the emissions caused by transmitter non-linearity. While the emission levels will vary depending on the selected waveform parameters and amplifier properties the basic behavior remains similar and therefore a sub-band model could be used to take this into account in ACS/system simulations.
In this contribution 6+6+6= 18 sub-bands approach is used to model the both DUD and DU SBFD cases with same sub-band grid and same number of sub-bands.
Details for the selected example waveform are shown below:
Channel bandwidth: 100MHz (30kHz SCS)
NRB max: 273
Modulation: QPSK / DFTS-OFDMA
The operating point for the UE TX non-linearity model is selected in a way that full RB allocated signal with +23dBm output power shows ACLR of 30dBc and this same operating point is used throughout the analysis.
[image: ]
Figure 1. SEM for 100MHz full RB allocated DFTS OFDMA signal

The 18 sub-bands and the power of emissions in dBm falling onto each of them is shown with blue in the figure(s). The sub-bands are defined in a way that sub-bands 1 to 6 cover the adjacent channel on lower side of the own channel, sub-bands 7 to 12 cover the own channel and sub-bands 13 to 18 cover the adjacent channel on upper side of the own channel. The bandwidth of each sub-band is equal to transmission bandwidth/6, which in these examples means ~16.4MHz (273*12*0.03/6).
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Figure 2. Description of the sub-bands.

DUD
For DUD case the analysis is done the same way as for the reference case, but guard-bands are added to both sides of the transmission bandwidth. In the figure below 2MHz guard band is used, which means that sub-bands 8 and 11 are 2MHz narrower than the other sub-bands.
The RB-allocations for DUD type of SBFD operation shown in figure below are:
DownLink= [1:91], UpLink= [92:182], DownLink [183:273]
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Figure 3. SEM for DUD case

[image: ]
Figure 4. Description of the sub-bands for DUD

DU
For DU case the analysis is done the same way as for the reference case, but guard-bands are added to both sides of the transmission bandwidth. In the figure below 2MHz guard band is used, which means that sub-band 9 is 2MHz narrower than the other sub-bands.
The RB-allocations for DUD type of SBFD operation shown in figure below are:
DownLink= [1:137], UpLink= [138:273]
For DU case two different simulation results are shown, one without IQ-impairments and the other one with them, as these have big impact on the UE in-band emissions when transmission bandwidth is not centered around the LO-signal.
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Figure 5. SEM for DUD case, no IQ-impairments
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Figure 6. SEM for DUD case, with ~ -28dBc LO and ~-28dBc Image
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Figure 7. Description of the sub-bands for DU
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this document we analyze the simulated UE TX emissions and propose a way to use 18 sub-band model in the system simulations to take into account the frequency dependent characteristics of the UE TX emissions.
Proposal 1:
Approach with 18 sub-bands (also shown in figure below) is proposed to model the both DUD and DU SBFD cases with same sub-band grid and same number of sub-bands. The model can be simplified when necessary by adding the power of adjacent sub-bands together and levels can also be converted into dBc. Width of the guard-band(s), actual emission levels and power control are FFS.
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Figure 8. Proposed sub-band arrangement for DUD and DU SBFD cases
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