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1	Introduction
We have observed an ongoing discussion in RAN4 related to the operator request to reduce the allowed maximum sensitivity degradation (MSD) of CA/DC band combinations, including PC2 CA configurations.  MSD requirements are defined in the RAN4 specifications for CA/DC configurations where there exists REFSENS impact (MSD) from UL aggressor harmonic or intermodulation interference to DL victim carrier.  Figure 1 below illustrates the typical mechanism.
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Figure 1: Illustration of MSD
Additionally, 3GPP specifications already define requirements for simultaneous Rx/Tx and non-simultaneous Rx/Tx operation, and the network's ability to manage resource allocation to the UE according to these requirements represents a valuable tool for the network in the presence of the MSD problem.  Partly based on such an analysis of MSD, not all CA and DC combinations are mandated to support simultaneous Rx/Tx operation in the RAN4 specifications.
In this contribution we examine the MSD scenarios in more detail and propose an enhancement to the work scope for the MSD improvement objective, which is part of the Rel-18 FR1 RF enhancement package.
2	Discussion
In a CA/DC configuration between bands of different frequencies, the network employing the low-frequency band can be termed the macro network, while the network employing the high-frequency band can be termed the small cell network.  Figure 2 below illustrates the scenario for reference.
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Figure 2: Illustration of a CA/DC deployment employing different frequencies and non-collocated cells

3GPP has defined simultaneous Rx/Tx operation as a UE capability, such as simultaneousRxTxInterBandCA, to indicate whether the UE supports simultaneous transmission and reception in TDD-TDD and TDD-FDD inter-band NR CA.  Figure 3 below illustrates both operating modes for two TDD bands.
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Figure 3: Illustration of simultaneous Rx/Tx and non-simultaneous Rx/Tx operation with two TDD bands
However, since MSD mostly only happens under the scenario where UE is near the cell edge and UL interference collides with DL carrier, it would not be efficient if the UE is always configured as non-simultaneous Rx/Tx operation even when UE is close to the base stations and not subject to MSD.  Figure 4 below illustrates the possible scenarios from the perspective of relative path losses of the CCs in the configuration.
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Figure 4: Illustration of MSD path scenarios
On the other hand, for certain band combinations mandated to support simultaneous Rx/Tx operation, they are still subject to relatively high MSD which could severely impact the UE and network performance under simultaneous Rx/Tx operation, in particular, when PCell DL is affected.
Since the total power of the self-interference into the victim band depends on the output power of the aggressor band, it is possible to identify certain operating conditions under which performance degradation due to MSD is significant, and others when it is not.  For example, when the UE-BS path loss is large enough, the UE needs to receive the CC2 DL signal near its reference sensitivity level; assuming the UE needs to transmit on CC1 with high output power, the self-interference level into CC2 receiver is high, and performance degradation is significant.  When the UE-BS path loss is small, the UE receives the CC2 DL signal at a level higher than reference sensitivity, which allows it to maintain an acceptable SIR (Signal-to-Interference Ratio) level for DL signal demodulation. On the other hand, when the aggressor CC1 path loss is low, transmit power control procedures reduce the UE’s output power, such that the wanted DL signal power level of CC2 (even with high path loss) can be stronger than UL interference (Scenarios 3 and 4), and the MSD issue is not observed in field operations.
Observation 1: An optimization of network scheduling of DL resources to the victim CC and UL resources to the aggressor CC can be envisioned to significantly reduce or completely avoid MSD impact, if the network can obtain the necessary information of the UE's operating scenario in terms of propagation conditions, interference level in the victim CC, configured output power in the aggressor CC, and resource allocations.  
For system performance optimization, switching between simultaneous and non-simultaneous Rx/Tx operations based on different operation scenarios may be desired.  In general, optimal network performance can be achieved by configuring the UE for non-simultaneous Rx/Tx operation in Scenario 1 and for simultaneous Rx/Tx operation in Scenarios 2, 3, and 4.  
Proposal 1:	Include the following objective to the "investigate and introduce lower MSD for inter-band CA/EN-DC combinations" work scope:
- Investigate dynamic configuration of simultaneous and non-simultaneous Rx/Tx operation as a means to mitigate MSD impact on network performance
- Consider how to provide to the network knowledge of the necessary information of the UE's operating scenario in terms of propagation conditions, interference level in the victim CC, configured output power in the aggressor CC, and resource allocations in both CCs
3	Conclusions
In this contribution we examine the MSD scenarios in more detail and propose an enhancement to the work scope for the MSD improvement objective, which is part of the Rel-18 FR1 RF enhancement package, as follows:
Proposal 1:	Include the following objective to the "investigate and introduce lower MSD for inter-band CA/EN-DC combinations" work scope:
- Investigate dynamic configuration of simultaneous and non-simultaneous Rx/Tx operation as a means to mitigate MSD impact on network performance
- Consider how to provide to the network knowledge of the necessary information of the UE's operating scenario in terms of propagation conditions, interference level in the victim CC, configured output power in the aggressor CC, and resource allocations in both CCs
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Scenario 1: CC1 high path loss, CC2 high path loss
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Scenario 3: CC1 low path loss, CC2 high path loss
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