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1. Background
A LS [1] was sent to reply RAN1 about the SLS model in last RAN4 meeting, but there was still some open issues. This contribution provides further analysis and proposals from our company’s understanding.
2. Discussion
2.1 gNB self-interference general modelling
For the gNB self-interference modelling, there was a preliminary agreement that the target is 1dB sensitivity degradation. If future feasibility study concludes other values, it can be updated directly. So in our understanding, there’s no need to discuss gNB self-interference modelling in current stage. Just waiting the conclusion of the feasibility study and updating the sensitivity degradation value would be ok. In the simulation, the self-interference impact can be modelled as BS noise floor N = noise floor + x dB as proposed in [2]. X = [1] dB can be used in current simulation. When there’s new conclusion in feasibility study, it can be simply updated. The details of the RSIC capability can be discussed in the feasibility study.
Proposal 1: For gNB self-interference modelling, use the model of BS noise floor N = noise floor + [1] dB. The confirmation of [1] dB need to wait the conclusion of feasibility study.
There was some discussion in last meeting that if RB level scaling is needed. In our understanding, it’s not necessary to have RB level scaling. There’re several reasons. First is that the 1 dB self-interference target would need a good performance for BS Tx leakage, i.e. BS Tx leakage performance can’t be similar with UE in-band emission. UE in-band emission performance is the OFDM in-band performance without filter. BS Tx leakage good performance should be guaranteed with windowing and the CFR filter. So the Tx leakage performance would be close to flat considering the CFR/DPD implementation. On the other hand, even if the Tx leakage performance is not very flat, it’s difficult to model it because of the different DPD performance from various implementations.
Proposal 2: No need to model RB level scaling for gNB self-interference.
For the guard band, our understanding is that guard band is needed considering the Tx leakage and the Rx ACS performance assumption. The Tx sub-band filter and Rx sub-band filter need the guard band to meet the performance requirement. The size of the guard band depends on the sub-band width and the performance requirements. For example, the wider sub-band may need more RBs to be the GB because the BS BB sampling rate of the sub-band may need to be increased. UE RF performance related to the guard band size may also need to be considered. It should be discussed in detail for case by case. The feasibility study can conclude it when the assumption of bandwidth of D/U is fixed.
Proposal 3: Guard band is needed for the Tx and Rx sub-band.
Observation 1: The guard band size is related to the sub-band width and the Tx leakage/Rx ACS requirement. UE RF performance may also need to be considered. The feasibility study should study it in detail.
2.2 Co-channel inter-subband CLI modelling
2.2.1 Co-site gNB-gNB inter-subband CLI modelling
For the co-site inter-sector gNB-gNB inter-subband CLI, the understanding in last meeting was that similar modelling for RSI can be applied with different parameters. In our understanding, the conclusion is not accurate or not very complete. For the gNB self-interference modelling, RAN4 assumes [1] dB sensitivity degradation. For co-site inter-sector gNB-gNB inter-subband CLI, the detail analysis should be done further for macro, micro and indoor scenarios. The self-interference study assumes interference cancellation is used to achieve the [1] dB sensitivity degradation. The interference cancellation implementation relies on the coupling from Tx path. It’s challenging to have hardware connection between gNBs. So our understanding is that interference cancellation shouldn’t be assumed for the co-site inter-sector gNBs. So the two issues, i.e blocking/Rx dynamic range and reference sensitivity degradation should be analysed for all of the BS classes.
Observation 2: Interference cancellation between the co-site inter-sector gNBs is challenging because coupling from the other gNB is needed to cancel the Rx subband interference.
Proposal 4: Feasibility study should be done for co-site inter-sector gNB-gNB inter-subband scenario from Rx dynamic range and reference sensitivity degradation perspectives.
2.2.2 Inter-site gNB-gNB inter-subband CLI modelling
The last meeting’s understanding that ACLR and ACS can be the candidates seems to be fine. But it should be clear that understanding is based on the assumption that Tx sub-band digital filter and Rx sub-band digital filter are used because ACLR and ACS performance can’t be reached otherwise. Tx digital filter may be baseband windowing + CFR filter for the macro BS class. If there’s no CFR for the low power BS, only windowing may be ok. For Rx path, sub-band digital filter is needed for the ACS performance. Otherwise, aliasing happens for the low sampling rate or only 25 dBc ICS performance can be reached for high sampling rate according to current requirement. Taking 100MHz bandwidth with 50MHz D and 50MHz U as the example, the following figure shows the ACS and ICS difference.
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Figure 1: Different implementations for ACS and ICS
Observation 3: ACLR and ACS performance assumptions imply that Tx sub-band digital filter and Rx sub-band digital filter are needed.
2.2.3 UE-UE inter-subband CLI modelling
For UE-UE inter-subband CLI modelling, in-band emission and ACLR were considered for Tx modelling in last meeting. The two options are based on different UE implementation assumptions. In-band emission option assumes that UE implements the U sub-band as a part of the UE Tx channel, so in-band emission is the same with the part RB performance. ACLR option assumes that UE treats U sub-band as the whole UE Tx channel, so the sub-band performance is the same with the full RB Tx performance. Considering UE implementation flexibility, in-band emission is more suitable.
Proposal 5: UE in-band emission is the used as the starting point of UE Tx model.
The followings are the current UE Rx model status.
· Maximum input power as threshold based on above specification
· In-channel selectivity requirements for the UE are not defined, and RAN4 is still investigating the feasibility of providing an indicative co-channel Rx modelling in the presence of interference.
For the above preliminary agreement, it’s no clear or enough to be used by the system simulation. When UE input level is maximum input power, UE noise figure is much larger than the REFSENS state, so if UE’s Rx SB is interfered by the other SB with maximum input level signal, UE definitely can’t decode Rx SB at REFSENS level. What’s the NF for this state, there’s no requirement yet. The following figure copied from R4-2211562 can be a starting point for the noise figure performance for UE.
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Figure 2: Noise figure/SNR performance model copied from R4-2211562
Proposal 6: UE Noise figure increase corresponding to the input signal level can use the approach in R4-2211562 as a starting point.
On the other hand, only NF model is not sufficient for the UE-UE inter-subband interference model. When large inter-subband interference signal exists, UE Rx implementation also has two choices as shown in Figure 1. It’s similar with UE Tx model that it depends on if UE treat the Rx SB or the whole channel as the Rx channel. So ACS or ICS would be another noise contribution in addition to the noise figure. There’s no ICS requirement for UE, but if taking UE Rx image as reference, UE ICS capability is ~ 25 dBc assuming current requirement is referred. ACS performance may be better than ICS. Compared with the Tx model proposal, ICS model can be the starting point for UE Rx model. And the UE Rx image requirement can be the reference for ICS performance.
Observation 5: UE ACS or ICS model depends on UE implementation for the Rx subband.
Proposal 7: ICS model with -25 dBc can be the starting point of UE Rx model.
The final noise should combine the noise figure and ACS or ICS contribution.
Proposal 8: The final UE-UE inter-subband interference should combine the noise figure and the ICS contribution.
2.3 Adjacent-channel CLI modelling for system level simulation
For adjacent channel co-site, inter-site gNB-gNB and UE-UE CLI modelling, they’re similar with the co-channel inter-subband CLI with different ACLR/ACS, guard band and ISO (path loss) assumptions. 
Proposal 9: Adjacent channel co-site, inter-site gNB-gNB and UE-UE CLI modelling are the similar with co-channel inter-subband CLI with different [ACLR/ACS], guard band and ISO (path loss) assumptions.
For the co-site adjacent gNB-gNB CLI, we have the same view as the co-site inter-subband gNB-gNB CLI that interference cancellation is challenging and Rx blocking issue and dynamic range should be analysed.
2.4 The timing and SCS issues
All of the above analysis considers the leakage and ACS/ICS from the spectrum perspective, the timing and SCS issues are not considered. The following figure shows the current U-D timing relationship with TA and TA offset.



Figure 3: Current Uplink-downlink timing relation, copied from TS 38.211
NTA offset is defined as in the following table, which is copied from TS 38.133 Table 7.1.2-2. 25600 Tc is 13 us, 39936 Tc is 20 us and 13792 Tc is 7 us.
Table 1: The Value of [image: ]
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD band without LTE-NR coexistence case or FR1 TDD band without LTE-NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with LTE-NR coexistence case
	0 (Note 1)

	FR1 TDD band with LTE-NR coexistence case
	39936 (Note 1)

	FR2
	13792

	Note 1:	The UE identifies [image: ] based on the information n-TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided with the information n-TimingAdvanceOffset, the default value of [image: ] is set as 25600 for FR1 band. In case of multiple UL carriers in the same TAG, UE expects that the same value of n-TimingAdvanceOffset is provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and the value 39936 of [image: ] can also be provided for a FDD serving cell.
Note 2:	Void


There’s not much discussion for SBFD system TA and TA offset yet, the following analysis is based on current methodology and parameter values.
2.4.1 BS self-interference related to timing
For BS-BS side, NTA=0, so the following is the timing for BS side.


Figure 4: Current Uplink-downlink timing relation at BS side
If TA offset value is reused by SBFD, the following figure shows the timing relationship of Tx SB and Rx SB at BS side. Take FR1 15 kHz SCS Tx SB as an example, the Rx SB can be 15 kHz SCS, 30 kHz and 60 kHz if there’s no restriction.



Figure 5: The timing relationship for D SB and U SB at BS side
From above figure, it can be seen that if the current TA offset is reused by SBFD, the FFT window for U SB is covering two D SB OFDM symbols when D and U use the same SCS. The following figures show the Tx spectrum and Rx FFT for different TA offsets. 
[image: ]
Figure 6: BS BB Tx signal (15 kHz SCS)

[image: ]
Figure 7: BS Rx (15kHz) FFT for different TA offsets

From the above simulation, it can be seen that when Rx FFT window is overlapping by two symbols, the interference for adjacent subband is more severe than what is shown in the spectrum figure. The needed guard band is also wider.
Observation 6: TA_offset impacts the BS self-interference level after the OFDM FFT calculation.
The current TA_offset value was originally decided by RF capability, i.e. the Tx/Rx transition time. For SBFD system, it brings some new impact to the interference. This should be studied by RAN1.
Observation 7: The TA_offset impact to BS Rx should be aware by RAN4 and studied by RAN1 (and RAN4).
Besides TA offset issue, if the SCS for D SB is different with U SB, the FFT window of Rx covering a part or 2~4 of the Tx symbols according to the SCS used by D and U. Whether D and U can use different SCS should also be decided. The following figure shows Rx 30kHz SCS FFT for 15kHz SCS Tx signal. It can also see severe interference after the FFT calculation.
[image: ]
Figure 8: BS Rx (30kHz) FFT for different TA offsets
When there’s no TA offset configured, the similar interference can also be observed as the following figure shows.
[image: ]
Figure 9: BS Rx (30kHz) FFT with no TA offset
Observation 8: When D and U use different SCS, Tx to Rx interference can be seen after Rx FFT.
2.4.2 UE-UE interference
The issue exists also for UE-UE interference and it’s more complicated for UE. The following figure shows the timing of BS side and different UEs’ side.


Figure 10: Different timing for BS side and UEs’ side
The timing for UE side is not fixed as BS side. The timing is related to the time delay compared with BS. So for UE-UE interference, the two UEs may not be time aligned. Therefore, the non-timing alignment between UEs also causes the non-timing alignment of FFT window thus brings extra interference from FFT calculation as shown in BS side. Similar with BS side, different SCS for D and U can also bring interference from FFT calculation.
Observation 9: The timing for aggressor UE and victim UE may not be aligned. The similar problems with BS, such as TA_offset, non-alignment of OFDM symbols, different SCS problems from FFT calculation can be seen from UE side.
It should be noticed that there’re not many timing agreements in RAN1 currently, i.e. if the “U” in “DUD” should use the same timing with the whole channel U. However, it will not impact the above observation. Because first, TA should be taken into account for any U, second the UE-UE non-time alignment will happen because the time delay for UEs are not the same.
The above analysis is for the SBFD, it also applies to adjacent channel UE-UE interference when one channel is D the other is U. So for the adjacent channel UE-UE interference, the timing and SCS issues should also be studied.
Observation 10: The timing and SCS issues also exist for adjacent channel UE-UE interference.
2.4.3 Proposals
From the above analysis, the interference issue should be analysed from both the spectrum and FFT calculation perspectives. The performance from spectrum perspective may be studied alone by RAN4. But the timing and SCS issue may be studied and decided by RAN1 first. Then RAN4 can further study if the extra interference is severe and combine the final performance to the evaluation. So we have the following proposals.
Proposal 10: Send LS to RAN1 to highlight the possible SNR impact from timing and SCS relationship of D and U for both BS and UE.
Proposal 11: RAN4 continues to do the feasibility study from spectrum perspective before the timing and SCS issues are decided by RAN1.
3. Summary
This contribution provides our further consideration of the interference modelling for SLS and the timing and SCS issues are also raised. We have the following observations and proposals.

For gNB self-interference general modelling,
Proposal 1: For gNB self-interference modelling, use the model of BS noise floor N = noise floor + [1] dB. The confirmation of [1] dB need to wait the conclusion of feasibility study.
Proposal 2: No need to model RB level scaling for gNB self-interference.
Proposal 3: Guard band is needed for the Tx and Rx sub-band.
Observation 1: The guard band size is related to the sub-band width and the Tx leakage/Rx ACS requirement. UE RF performance may also need to be considered. The feasibility study should study it in detail.

For co-site gNB-gNB inter-subband CLI modelling,
Observation 2: Interference cancellation between the co-site inter-sector gNBs is challenging because coupling from the other gNB is needed to cancel the Rx subband interference.
Proposal 4: Feasibility study should be done for co-site inter-sector gNB-gNB inter-subband scenario from Rx dynamic range and reference sensitivity degradation perspectives.

For inter-site gNB-gNB inter-subband CLI modelling,
Observation 3: ACLR and ACS performance assumptions imply that Tx sub-band digital filter and Rx sub-band digital filter are needed.

For UE-UE inter-subband CLI modelling,
Proposal 5: UE in-band emission is the used as the starting point of UE Tx model.
Proposal 6: UE Noise figure increase corresponding to the input signal level can use the approach in R4-2211562 as a starting point.
Observation 5: UE ACS or ICS model depends on UE implementation for the Rx subband.
Proposal 7: ICS model with -25 dBc can be the starting point of UE Rx model.
Proposal 8: The final UE-UE inter-subband interference should combine the noise figure and the ICS contribution.

For adjacent-channel CLI modelling for system level simulation,
Proposal 9: Adjacent channel co-site, inter-site gNB-gNB and UE-UE CLI modelling are the similar with co-channel inter-subband CLI with different [ACLR/ACS], guard band and ISO (path loss) assumptions.

For the timing and SCS issues,
Observation 6: TA_offset impacts the BS self-interference level after the OFDM FFT calculation.
Observation 7: The TA_offset impact to BS Rx should be aware by RAN4 and studied by RAN1 (and RAN4).
Observation 8: When D and U use different SCS, Tx to Rx interference can be seen after Rx FFT.
Observation 9: The timing for aggressor UE and victim UE may not be aligned. The similar problems with BS, such as TA_offset, non-alignment of OFDM symbols, different SCS problems from FFT calculation can be seen from UE side.
Observation 10: The timing and SCS issues also exist for adjacent channel UE-UE interference.
Proposal 10: Send LS to RAN1 to highlight the possible SNR impact from timing and SCS relationship of D and U for both BS and UE.
[bookmark: _GoBack]Proposal 11: RAN4 continues to do the feasibility study from spectrum perspective before the timing and SCS issues are decided by RAN1.
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R (30kHz SCS) FFT, 15kHz SCS Tx signal, no TA offset
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