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1. Introduction
At RAN #76, TSG-RAN discussed the RAN1 agreement on single Tx UE for LTE-NR DC (MR-DC in RAN2 term) and potential impacts to the other RAN WGs as proposed in [1]. The proposals were merely noted and there was no conclusion in the #76 meeting. The background of considering the single Tx option for MR-DC capable UEs is to address Inter-Modulation Distortion (IMD) due to dual uplink transmission [2]. This paper attempts to tackle the IMD problem from RAN2 expertise.
2. Discussion
In fact, the IMD problem is not a brand new challenge and exists in LTE UL CA/DC as well. Nonetheless, the IMD problem is more likely to be considerable for MR-DC due to wider spectrum availability for NR and the increased number of DL CCs in the paired LTE band combination. Furthermore, there is also another root cause of interference due to uplink transmission, harmonics. Both IMD and harmonics are typical problems due to single or dual uplink transmission.
For LTE UL CA, RAN2/4 tackled the IMD/harmonics issue in the past and ironed it out by extending the In-Device Coexistence mechanism as specified in [3, 4]. In the IDC solution, the target victim systems due to UL CA were GNSS, WLAN and Bluetooth. Overall, the IDC solution works as follows:
1.
When the UE experiences the IDC problem which cannot be resolved by itself, the UE sends an IDC indication to the eNB.
2.
In case of GNSS as a victim, the GNSS system type (e.g. GPS, Galileo, etc.) is at least included in the IDC indication. Affected UL carrier combinations can be included as optional. This was due to the rationale that the network knows the frequency range of the victim receiver if the GNSS system type is known. Since the GNSS typically uses the narrow band, the problematic UL carrier combination to the victim GNSS can be deduced from the CA band combination configured for the UE.
3.
In case of WLAN and Bluetooth, the report of affected UL carrier combinations are mandatory as well as the victim system type in the IDC indication. Due to the broad spectrum availability to WLAN and Bluetooth, the explicit indication of affected UL carrier combinations was thought as beneficial for the network to identify the problematic UL carrier combination.

4.
Upon receiving the IDC indication, the eNB takes a proper action to iron out the IMD/harmonics problem. For instance, the eNB allocates uplink PRB resources on CC(s) whose inter-modulation distortion and harmonics does not fall into the frequency range of the victim system receiver, or deactivate/deconfigure SCell(s), apply a TDM pattern on transmission and reception [3]. It is up to the network implementation how the eNB deals with the IMD/harmonics problem.
5.
When the IDC problem is resolved, the UE sends an empty IDC message to the eNB implying that the problem has gone.

The IDC solution has been supported for LTE UL CA but not been supported for LTE DC so far. However, in principle, the solution can be extended for Dual Connectivity. Nevertheless, some open issues would be envisaged for MR-DC where MCG and SCG are served by different RAT. For instance:
-
How can the network and the UE identify the problematic LTE-NR DC band combination? This is somehow relevant to the on-going UE capability coordination discussion whether the MN/SN knows the entire LTE-NR band combination or only its own RAT part of the band combination [5].
-
How can the IDC procedure be configured for the UE in the MR-DC operation?

-
How can the UE reports an IDC problem in the NR-DC operation?

These open issues need to be discussed once a consensus is built to introduce the IDC solution for MR-DC.
3. Summary and proposal
This paper recalled RAN2 experience for LTE to tackle the IMD problem due to UL CA. For MR-DC, the following is proposed:
Proposal:
RAN2 strives for introducing In-Device Coexistence for MR-DC to iron out Inter-Modulation Distortion and harmonics due to uplink transmission.
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