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Introduction
Dual connectivity between LTE and NR is a key feature used by the Option 3X NSA architecture. This requires separate UL transmission on the MCG and SCG to deliver the UCI independently to each one of them.
· UL PUCCH on SCG and MCG delivers the HARQ ACK/NACK, CSI measurements
· UL PUSCH on SCG and MCG allows for the UL bearer to be split.
In some band combinations, such as NR on 3.5GHz and LTE on 2GHz there is potential issue of supporting simultaneous UL on both bands due to MSD between these two bands. 
At RAN2#99 and RAN#77 [1], it was discussed that there may be a need for the UE to indicate its capability to support simultaneous UL on both the frequencies or certain band combinations due to potential MSD. 
In this contribution, we propose a 1-bit UE capability indication that obviates the need for indication of 1Tx capability, and allows UEs to retain 2Tx capability on the UL while mitigating potential MSD in band combinations and situations where this is a concern. 
UE Capability Indication
At RAN2#99 and RAN#77, there were numerous discussions regarding UE indication of 1Tx capability for those band combinations in MR-DC operation that have the potential to cause MSD. We believe that blanket restriction of UE capability to 1Tx in for such band combinations is excessively restrictive and that 2Tx operation should always be the baseline for all band combinations. Especially given the fact that MSD issues are often restriction only some portions of the band restricting the UE to a 1Tx in the UL is unnecessary and leaves potential performance benefits out of scope which operators do not want to compromise on. 
We believe that there are numerous network-based techniques that can be used to mitigate the cases and scenarios when MSD degradation happens in some LTE-NR band combination. Therefore, there is no need to for the device to enter a 1Tx mode. For example, the network can mitigate the potential problem with MSD using any or a combination of the following techniques:
1. SCG Reconfiguration: The SCG is reconfigured to a different carrier (different ARFCN) where MSD issues are not present. When a single Cell is present in the SCG this is essentially changing the SCG from the current carrier frequency to a different carrier frequency where MSD issue are not present. When multiple Cells are present in the SCG this is essentially moving the UL to a different frequency within the SCG
1. MCG Reconfiguration: The MCG is reconfigured to a different carrier where MSD issues are not present. When only a single Cell is present in the MCG this is essentially handover to a different carrier frequency. When multiple Cells are present in the MCG this is essentially moving the UL to a different carrier frequency within the MCG.
1. Power Control: The network can reduce the UL transmit power level on the MCG or the SCG or both to mitigate the effect of MSD since MSD degradation happens only when both the PA are running at high power level. By reducing the transmit power level MSD issues can be mitigated significantly. Transmit power level can be reduced either by reducing the transmit power per PRB, total number of PRB or a combination of both.
1. TDM: The network can also eliminate the potential MSD problem by using the 2 UL in TDM fashion. In this case the network only schedules the UE on 1 UL (including PUSCH, PUCCH, and SRS) frequency at a time. The two frequencies are time multiplexed with non-overlapping patterns. 
1. Resource Blanking: In this case the network prevents allocating PRBs in the two UL frequency that cause MSD issue. By blanking out PRB combinations in the two UL frequencies that pose this problem the network can also mitigate and/or avoid the MSD issue to a large extent. 

In short, the network has a host of different solutions it could use to mitigate this issue and there is absolutely no reason for the UE to go to a single UL Tx state.
Observation 1: A multitude of network-based solutions can be used to mitigate potential MSD in MR-DC band combinations where this is a concern.
Observation 2: Due to network-based solutions there is no reason for the UE to restrict itself to single UL Tx state in certain MR-DC band combinations
Proposal 1: 2Tx operation should always be the baseline for all band combinations of MR-DC

In-Device Techniques to Mitigate MSD
A UE may support in-device techniques, such as interference cancellation, increased isolation between Tx chains, improved PA linearity, etc. [2], to mitigate potential MSD in band combinations where it is of concern. If the network is made aware of the UE’s capability to mitigate potential MSD using in-device techniques, the network can make more informed decisions about the extent to which it should employ MSD mitigation techniques on its side as described above. For example, if a UE indicates that it does not support any in-device technique to mitigate MSD, the network may more aggressively employ one or more of the techniques described above to prevent the UE from experiencing MSD. 
Hence, we propose a 1-bit indication by the UE to indicate whether the UE is capable of mitigating MSD for a given band combination using in-device techniques. We propose that ASN.1 should only allow the presence of this UE capability bit for those band combinations that are identified by RAN4 as “problematic band combinations”. Further we also propose that RAN2 signalling should provide full flexibility to the network for utilizing any MSD mitigation techniques that are available to it, and that such signalling should be forward compatible. 
Observation 3: It would be very helpful for the network to know whether a UE is capable of supporting in-device techniques to mitigate MSD
Proposal 2: RAN2 should develop a 1-bit UE capability indication to allow a UE to indicate to the network whether it supports in-device techniques to mitigate MSD. ASN.1 should only allow the presence of this UE capability bit for those band combinations that are identified by RAN4 as “problematic band combinations”
Proposal 3: RAN2 signalling should provide full flexibility to the network for utilizing any MSD mitigation techniques that are available to the network. RAN2 should take future flexibility into account when designing/specifying the signalling and UE behaviour for mitigating MSD issue in "difficult band combinations"
Finally, one must also consider the possibility that RAN2 potentially develops signalling to allow a UE to dynamically indicate to the network that it is currently facing MSD. In such a case, whether or not the UE has previously already indicated to the network its capability to mitigate MSD using in-device techniques, the network may take additional steps to ensure that the UE does not experience MSD. Such techniques may include employing additional network-based mitigation techniques that may not have been employed so far for such a UE. 
Proposal 4: Regardless of whether a UE is capable of supporting in-device techniques to mitigate potential MSD in certain MR-DC band combinations, or whether UE is capable of dynamically indicating to the network that it is currently experiencing MSD, the network should always make the final decision and indicate to the UE whether or not it should transmit on both the UL carriers simultaneously for a given band combination. 

Summary  
In this contribution, we examined the issue of potential MSD at the UE when simultaneously transmitting in two bands for certain band combinations. We made the following observations and offered the following proposals for consideration:
Observation 1: Network-based solutions can be used to mitigate potential MSD in MR-DC band combinations where this is a concern.
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Observation 3: It would be very helpful for the network to know whether a UE is capable of supporting in-device techniques to mitigate MSD
Proposal 1: 2Tx operation should always be the baseline for all band combinations of MR-DC
Proposal 2: RAN2 should develop a 1-bit UE capability indication to allow a UE to indicate to the network whether it supports in-device techniques to mitigate MSD. ASN.1 should only allow the presence of this UE capability bit for those band combinations that are identified by RAN4 as “problematic band combinations”
Proposal 3: RAN2 signalling should provide full flexibility to the network for utilizing any MSD mitigation techniques that are available to the network. RAN2 should take future flexibility into account when designing/specifying the signalling and UE behaviour for mitigating MSD issue in "difficult band combinations"
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