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1. Introduction
This document analyses the UE aspects of the questions provided by RAN1 in [1] related to interference modelling in co-channel and adjacent channel scenarios and proposes input to the response LS.
2. Key UE-impacting points from LS in [1]
Information about the following Cross-Link Interference (CLI) scenarios impacting the UE was requested:
· Inter-cell co-channel intra-sub-band UE-UE CLI
· Intra/inter-cell co-channel inter-sub-band UE-UE CLI
· Adjacent channel UE-UE CLI
The next sections provide analysis of each of the specific questions associated to the above scenarios.
3. Analysis of the questions provided
3.1	Co-channel inter-subband UE-UE CLI
3.1.1	Questions from RAN1
For discussion of gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation, RAN1 understands at least the following two aspects need to be considered:
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs to the non-allocated RBs in the same carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in the presence of the unwanted signals at the non-allocated RBs. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)

· Question 2-1: Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation? Are there any other aspects should also be taken into account?



· Question 2-3: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (defined above) at the UE transmitter?
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?




3.1.2	Analysis

Co-channel Tx emission aspects
In terms of the unwanted emission from UE transmitter into non-allocated RBs from allocated RBs, we consider the different aspects of the In-band Emissions (IBE) requirements defined in TS38.101-1 and 38.101-2, which define the allowed interference from a transmitter into non-allocated RBs within the operated UE channel bandwidth. The IBE is defined on a power per RB basis, and can be depicted visually as shown in figure 1a/b below, for UL transmissions of QPSK and 16QAM in figure 1a, with DC carrier inside the UL sub-band. Figure 1b shows the case where the UL transmission is distanced from the DC carrier frequency (where the DC carrier or IQ image may fall into the DL sub-band. As the IBE will depend on different parameters of the UE uplink configuration and allocation, RAN4 should make RAN1 aware of these details for any modelling. 

Proposal 1: For co-channel Aspect 1, indicate to RAN1 that it is feasible to model UE Tx emissions per RB by modelling the minimum required IBE requirements specified in 38.101-1 and 38.101-2.

Figure 1a/b: IBE for different UL configurations and modulation schemes
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Co-channel Rx aspects
In terms of Rx selectivity modelling in the co-channel scenario for UE-UE CLI, there are no existing UE requirements for “in-channel” selectivity. However, we believe that there are 2 important relevant components from UE receiver perspective, described below.

Large power imbalance between Rx wanted signal and Tx interferer observed at the UE receiver has the potential to cause blocking or degradation to the Rx wanted signal. RAN4 defines requirements for Maximum Input Level (which characterises receiver range requirements), but in general a large imbalance between interferer and Rx wanted signal in the same channel may cause Rx degradation, but this may be difficult to quantify in 3GPP. 

Non-orthogonality between UL and DL subcarriers, i.e. between subcarriers transmitted by a UE in one sub-band, and subcarriers received by a UE in another adjacent or semi-adjacent sub-band will cause noise at the receiver. Different timing between UL Tx signal and DL Rx signals in different sub-bands will cause such orthogonality. Figure 2 shows an example of the impact of a 52 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. 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. However, due to the lack of 3GPP requirements in this area, more RAN4 analysis may be useful before concluding. 

Figure 2a: ICI impact of 52 RB UL, 30kHz SCS with 2000 samples timing offset, 500Hz frequency offset
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Figure 2b: ICI impact of 52 RB UL, 30kHz SCS with 2000 samples timing offset, 5kHz frequency offset
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Figure 2c: ICI impact of 52 RB UL, 30kHz SCS with 10 samples timing offset, 500Hz frequency offset
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Figure 2d: ICI impact of 52 RB UL, 30kHz SCS with 10 samples timing offset, 5kHz frequency offset
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Proposal 2: For co-channel Aspect 2, indicate to RAN1 that there are no UE in-channel selectivity minimum requirements today, so concrete assumptions about existing UE performance cannot be made. However, the ICI and power imbalance aspects should be considered in any co-channel Rx modelling by RAN1, but may need further verification before concluding.


3.2	Adjacent channel UE-UE CLI
3.2.1		Questions from RAN1

Regarding gNB-gNB and UE-UE adjacent-channel CLI modelling for system level simulation, RAN1 understands at least the following aspects need to be considered:
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs in one carrier to the non-allocated RBs in the adjacent carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in one carrier in the presence of the unwanted signals at the non-allocated RBs in the adjacent carrier. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)

· Question 3-1: Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE adjacent-channel CLI modelling in system level simulation? Are there any other aspects should also be taken into account?



· Question 3-3: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in adjacent carriers and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (defined above) at the UE transmitter?
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?
· Whether it is feasible to define a similar interference ratio as UE-UE ACIR in TR38.828 but in the subband of the adjacent carrier, with finer granularity (e.g., per subband or per RB), to represent the overall effect of the Aspect 1 and Aspect 2 described above? 
For example, whether it is feasible to define UE-UE-adjacent-channel-per-RB/subband interference ratio as the ratio of the power transmitted by the aggressor UE on UL frequency unit n to the interference received by the victim UE on DL frequency unit m? If it is feasible, then what is the value range of the UE-UE-adjacent-channel-per-RB/subband interference ratio for each frequency range?

3.1.2	Analysis
Adjacent channel Tx emissions 
In terms of UE-UE CLI in adjacent channels, the UE ACLR and UE SEM are relevant.
In terms of a per-RB or per-subband measure, the UE SEM should be used as the reference from the 3GPP minimum requirements perspective, if RAN4 information is intended to be used to identify potential guardbands. If only an indicative system capacity impact is to be considered, then an ACLR approach may be suitable. 
While ACLR requires that the average power across the victim channel (of same bandwidth) reduces at least linearly as transmit power reduces, there are no 3GPP requirements defined how SEM would drop on a “per-RB or per-subband” level as Tx power reduces, so it would be difficult for 3GPP to take a concrete assumption on exact values here. 
Proposal 3: For adjacent channel Aspect 1, indicate to RAN1 that:
· for adjacent channel UE Tx emissions, the UE SEM is applicable as a per-RB/sub-band measure for UEs at maximum output power. At lower output power levels, it is not possible to make concrete assumptions about relative leakage on per-RB/sub-band level, but ACLR dictates the maximum allowed average leakage across the channel. 
· ACLR is only appropriate for modelling “average” emission impacts across the ACLR measurement bandwidth of the channel. It should not be assumed that the average ACLR would accurately model UE emission behaviour if averaged per-RB/sub-band. Also indicate that ACLR inherently includes a guardband.
Adjacent channel Rx selectivity
ACS is most relevant, and requirements on a per channel bandwidth basis, assuming symmetric aggressor and victim channels. If there is asymmetry in the aggressing and victim channel bandwidths, then (in-band) blocking requirements would also become relevant. 
While in coexistence simulations, ACS is typically modelled as flat, this is due to measuring statistical capacity impact. In practice, the level of selectivity on a per-RB/sub-band basis at the UE may vary. Therefore, while a per-RB/sub-band averaging of ACS impact may be suitable if only modelling average impact, any deterministic UE-UE impact analysis e.g. to identify applicable guard-band does not seem suitable as there are no UE requirements defined for this today.
Proposal 4: For adjacent channel aspect 2, indicate to RAN1 that:
· there are no per-RB/sub-band related requirements defined, so one cannot make concrete assumptions on existing UE selectivity performance on a per-RB/sub-band level
· ACS can only be used to identify statistical average impact across a channel 
4. Proposals
The following proposals are made in this document:
Proposal 1: For co-channel Aspect 1, indicate to RAN1 that it is feasible to model UE Tx emissions per RB by modelling the minimum required IBE requirements specified in 38.101-1 and 38.101-2.
Proposal 2: For co-channel Aspect 2, indicate to RAN1 that there are no UE in-channel selectivity minimum requirements today, so concrete assumptions about existing UE performance cannot be made. However, the ICI and power imbalance aspects should be considered in any co-channel Rx modelling by RAN1.
Proposal 3: For adjacent channel Aspect 1, indicate to RAN1 that:
· for adjacent channel UE Tx emissions, the UE SEM is applicable as a per-RB/sub-band measure for UEs at maximum output power. At lower output power levels, it is not possible to make concrete assumptions about relative leakage on per-RB/sub-band level, but ACLR dictates the maximum allowed average leakage across the channel. 
· ACLR is only appropriate for modelling “average” emission impacts across the ACLR measurement bandwidth of the channel. It should not be assumed that the average ACLR would accurately model UE emission behaviour if averaged per-RB/sub-band. Also indicate that ACLR inherently includes a guardband.
Proposal 4: For adjacent channel aspect 2, indicate to RAN1 that:
· there are no per-RB/sub-band related requirements defined, so one cannot make concrete assumptions on existing UE selectivity performance on a per-RB/sub-band level
· ACS can only be used to identify statistical average impact across a channel 
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