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1. Introduction
At RAN4#104-e, RAN4 responded in [1] to the RAN1 request for information on how to model CLI at gNB and UE for sub-band full duplex (SBFD) configurations and captured related agreements in [2]. There were some remaining issues left for further discussion and this document provides further considerations and analysis on those points for UE-UE CLI.
2. Remaining issues on UE-UE CLI
The following from copies the status from [2], with the remaining open issues are highlighted in yellow.
Co-channel: Candidate considerations for UE-UE CLI model: 
· TX model can refer to existing UE requirement in TS38.101-1 and TS38.101-2
· In band emission as starting point
· FFS is not precluded for other candidates such as ACLR
· RX model can refer to existing UE requirement in TS38.101-1 and TS38.101-2
· Maximum input power as threshold based on above specification
· FFS is not precluded for other candidates such as ACS, ICI, and estimated RX model based on legacy UE. 
Adjacent channel: Agreement on feasibility and how to model UE-UE CLI modelling considering unwanted emission and receiver selectivity:
· Model as starting point : UE ACLR based model on TX and UE ACS based model on RX which is the same ACIR model as Rel-16 CLI study.
· FFS on below model
· UE ACLR model with 2step size(FR1 example: ACLR1/2=28/33dB) on TX
· UE ACS based model on RX if blocker is smaller than maximum input level of UE, and additional SNR degradation at the victim receiver due to receiver gain backoff
FFS on how the per-sub-band/RB aspect is characterised. Other aspect is also not precluded
3. UE-UE CLI co-channel further analysis
3.1	Consideration of UE ACLR and UE ACS requirements
UE ACLR/ACS requirements consideration for co-channel modelling was proposed on the basis that the UE may be configured with a dedicated channel bandwidth in uplink and downlink direction that is smaller than the Base Station (system) bandwidth used, and therefore the UE channel bandwidth may be configured to be equal to the “sub-band” that the UE is operating. 
There are the following drawbacks with this approach:
· Configuring a smaller UE DL channel bandwidth for the UE leads to scenarios whereby the UE may not be able to receive common channels such as SSB within its allocated channel bandwidth. This may lead to increased overhead being required within the system bandwidth (e.g. duplicated common channels) to avoid the need for the UE to retune (BWP-switching) to another part of the “system” bandwidth for common channel monitoring.
· In order to overcome the above issue, one may ask why not consider “asymmetric” channel bandwidth configurations, e.g. a wide DL UE channel bandwidth and a narrower UL channel bandwidth, as defined in TS38.101-1 clause 5. However, such configurations are only defined today for a relatively small set of frequency bands (mostly FDD), and anyway these configurations are “optional” for the UE to support and may not be supported by legacy UEs. Therefore, such configurations cannot be assumed for modelling legacy UE impacts.
· Intra-band (non-contiguous) CA in DL could be considered to overcome the above issue, but intra-band CA combinations are optional for the UE, and band specific, so it cannot be assumed to be supported for legacy UE modelling.
Observation 1: Direct application of UE ACLR/ACS requirements are not suitable for co-channel modelling of legacy UE impacts without adding additional system impacts/constraints that would need to be included in any performance modelling, such as defining one cell per sub-band.
Proposal 1: Do not directly use UE ACLR/ACS requirements to model the UE-UE CLI in the co-channel case.
3.2	Rejection at FFT of UL sub-band interference at the UE receiver
At the FFT stage for an Rx channel at the UE receiver, then we consider the case where the UE is configured to receive a signal on a set of DL subcarriers (DL sub-band) in the presence of an UL interferer received in another set of orthogonal UL subcarriers (UL sub-band). If those 2 sets of subcarriers are mutually orthogonal, there may be no interference from the UL interferer to the DL received signal post-FFT. However, in practice, due to the nature of the OFDM system, timing and frequency offsets will likely be present – caused by e,g timing advance, doppler effects or UE frequency error. 

We updated slightly the analysis provided in [3] at RAN4#104-e and provide some more detail. Figure 2 shows an example of the impact of a 24 RB UL transmission bandwidth on the level of interference perceived by a UE attempting to receive RBs adjacent to this with small and worst-case timing offsets. Larger interference close to the edge RBs of the UL signal can be observed with larger timing offset. The level of Rx interference is observed to be larger than the IBE minimum requirement in the first adjacent RB to the UL signal, and on average over an equivalent DL sub-band is 30dB lower than the UL Tx signal with 1 RB guardband. After the first adjacent sub-band, the interference drops even further below below the IBE mask and does not dominate.

We also observed that the additional impact of increased frequency offset is small compared to the timing offset impact, especially so with large timing offset. With very small timing offsets some differences close to the edge of the UL signal can be observed. 

Figure 2a: ICI impact of 24 RB UL, 30kHz SCS with 2000 samples timing offset, 500Hz frequency offset
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Figure 2b: ICI impact of 24 RB UL, 30kHz SCS with 2000 samples timing offset, 5kHz frequency offset
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Figure 2c: ICI impact of 24 RB UL, 30kHz SCS with 10 samples timing offset, 500Hz frequency offset
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Figure 2d: ICI impact of 24 RB UL, 30kHz SCS with 10 samples timing offset, 5kHz frequency offset
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Observation 2: For co-channel interference rejection at FFT, the level of Rx interference is observed to be larger than the IBE mask in the first adjacent RB to a 24 RB UL signal with typical timing offset, and on average over an equivalent 1st adjacent DL sub-band of 24 RBs is observed to be 30dB lower than the UL Tx signal with 1 RB guard band. 

Proposal 2: Consider imperfections in co-channel interference rejection at FFT as part of Rx modelling

3.3	Consideration of AGC and UE Rx gain
In [4] a receiver model was proposed. The graph depicted showed that SNR increased until a certain total Rx power level, and then was capped as total Rx power further increased. We try to recapture this in figure 3 below but without including the numbers provided in [4].
Firstly, it needs to be clarified that such UE behaviour is not directly defined in 3GPP specifications today, so any attempt to model behaviour needs to be sufficiently generic and be clarified that it is purely indicative.
Secondly, it was not clarified as to the independent impact of interference on the SNR. Therefore, it would be appreciated to receive more information on the following:
1) What was the intended impact of inserting an interferer of e.g. Y dB higher than the signal level into the model? 
2) How were the values depicted as “SNR = X” and “Refsens + T” below determined in [4], or were they just provided for illustration purposes?
More discussion would be needed before an agreement could be made on how to move forward, as these aspects are very UE implementation dependent.

Figure 3: A more generic representation of the Rx model from [4]
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It was also proposed, in [5], that a co-channel interferer, with a power level below the Max Input Level, would cause a dB-by-dB reduction in SINR. It would be good to verify how that proposal relates to the proposal in [4] if at all.

Observation 3: Apart from maximum Input Level, there are no direct requirements for AGC behaviour defined in 3GPP. Therefore, any AGC modelling assumptions agreed as part of 3GPP work would need to be sufficiently generic and clearly stated as an indicative example.

Proposal 3: Feedback is invited to understand more details on the proposed model in R4-2211562 [4]. 
4. UE-UE CLI adjacent channel further analysis
The problem with the flat ACLR model for modelling UE-UE CLI in the adjacent channel is that it would not be particularly realistic when considering the benefits of any additional guard band between UL and DL sub-bands due to different levels of interference impacting different RBs in the victim channel. 
Therefore, we believe that a 2-step model would be more realistic in identifying the potential guardband benefits. We would welcome further discussion on the ACLR power steps.
Proposal 4: Consider a 2-step ACLR model for adjacent channel interference modelling. Further discuss the step sizes.


5. Proposals
The following proposals are made in this document:
Observation 1: Direct application of UE ACLR/ACS requirements are not suitable for co-channel modelling of legacy UE impacts without adding additional system impacts/constraints that would need to be included in any performance modelling, such as defining one cell per sub-band.
Proposal 1: Do not directly use UE ACLR/ACS requirements to model the UE-UE CLI in the co-channel case.
Observation 2: For co-channel interference rejection at FFT, the level of Rx interference is observed to be larger than the IBE mask in the first adjacent RB to a 24 RB UL signal with typical timing offset, and on average over an equivalent 1st adjacent DL sub-band of 24 RBs is observed to be 30dB lower than the UL Tx signal with 1 RB guard band. 
Proposal 2: Consider imperfections in co-channel interference rejection at FFT as part of Rx modelling
Observation 3: Apart from maximum Input Level, there are no direct requirements for AGC behaviour defined in 3GPP. Therefore, any AGC modelling assumptions agreed as part of 3GPP work would need to be sufficiently generic and clearly stated as an indicative example.
Proposal 3: Feedback is invited to understand more details on the proposed model in R4-2211562 [4]. 
Proposal 4: Consider a 2-step ACLR model for adjacent channel interference modelling. Further discuss the step sizes.
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