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1
Introduction

In this contribution, we summarize discussions on single UL transmission in LTE – NR Dual Connectivity in different RAN WGs. We also analyze how single UL transmission could be used under network control for avoiding or reducing UE Rx sensitivity degradations.
2
Background of RAN WG discussions
As indicated in the RAN1 LS, RAN1 is developing solutions for the case that (NSA) NR UE using problematic LTE – NR DC band combinations cannot transmit two uplinks simultaneously. RAN1AH#2 in June agreed that when UE is activated with multiple UL carriers on different frequencies, time-switching of LTE UL carrier and NR UL carrier is used. Furthermore, RAN1#90 agreed to investigate resource management approaches (e.g., time-domain, frequency-domain, etc.) for handling harmonic-related interference between a pair of UL (F1) and DL (F2) carriers. RAN1 discussion is still ongoing whether time-switching is based on pre-determined hard-split, or if a more opportunistic approach is allowed, and in case the UE is requested to transmit to more than one uplink, a priority rule would take effect. 

The problem was motivated in RAN1 by some specific problematic LTE-NR DC band combinations having UE RF implementation and co-existence issues like IMD and harmonics issues but RAN1 has not been discussing when and how single UL transmission would be used. RAN4 is now investigating which LTE – NR band combinations might need MSD (Maximum Sensitivity Degradation). In relation to this discussions RAN4 has also discussed when and how single UE transmission in LTE – NR DC operations could be used. In [2] a group of companies proposed the following approach:
	· For all LTE-NR band combinations, dual UL transmission is supported by the UE and MSD is defined when needed.
· For LTE - NR band combinations with large Rx MSD values, single UL transmission should be considered as one solution to avoid the REFSENS degradation. Network decides if and when to use single transmission solution.


However, this proposal was not seen acceptable by all companies but instead during the RAN4#84 meeting in the UE RF ad hoc the following draft proposal was presented by Intel Corporation, Huawei, Apple, HiSilicon, ViVo [3]:

	· It is proposed to introduce band combination specific UE capability signaling to indicate single UL Tx or 2 UL Tx support for LTE-NR DC.

· Support for 2 UL Tx at the simultaneous time is optional for UE for each LTE-NR DC band combination


While [3] refers to problematic band combinations, it seems to propose a generic UE capability and capability signaling for single UL Tx and 2 UL Tx UEs for LTE – NR DC and that simultaneous support of 2 UL Tx would be fully optional for UE. This proposal would mean that any NSA NR UE could be 1Tx UE only, despite that never being part of the original problem statement.
Following RAN1 LS [5] RAN2 also started discussion on the topic e.g. in [4]. RAN2 has assumed that LTE-NR DC would be using multiple Tx/Rx UEs (as was also assumed in LTE DC) from the beginning of the NR SID, and the protocol layer design has been done with that in mind. However, during the RAN2 discussion some companies were not even ready to recognize the earlier RAN2 agreement that 2Tx UE (denoted as “multiple Rx/Tx UE” in the RAN2 terminology) is the baseline for LTE – NR DC as has also been explicitly captured in TS 37.340 section 4.1.1. Therefore, although initially RAN2#99 agreed that further information would be requested in RAN4, RAN2 was not able to progress the work or even send a LS to RAN4 requesting further information on problematic band combinations and required signalling structure. The required modifications to the protocol design also could not be even discussed since neither RAN1 nor RAN4 aspects were clear, although it was clear more RAN2 work than just capability signalling would be required. 
Although RAN3 implications as least for some of the proposed solutions are expected, so far there has not been any progress in RAN4. To enable progress in RAN2 and RAN3 it would be important that RAN4 progresses its requirements and assumptions for single UL transmission and provide its guidance to other RAN WGs as soon as possible. 
3
Discussion
In this section, we discuss how the solution where network decides if and when to use single UL transmission e.g. in TDM manner solution for avoiding Rx MSD.

As discussed for LTE – NR band combinations and earlier for LTE band combinations, it is possible to identify based on operator’s deployment plan i.e. information on what NR and LTE bands and related carrier frequencies and channel bandwidths of those bands an operator is planning to use if intermodulation distortion (IMD) and harmonics may cause UE Rx sensitivity degradation and if single UL transmission could be possible alternative for avoiding or minimising MSD. For exampe, co-existence sensitivity analysis presented for LTE B3-NR 3.3-4.2 GHz combination in [7] discusses that “LTE B3-NR 3.3-4.2GHz combination has no IM4, IM2 and the 2nd harmonic interferences for NR frequency from 3.8 GHz to 4.2GHz with B3 UL CBW of 5MHz to 20MHz and NR3.3-4.2GHz CBW of 10MHz to 100MHz…”. Although certain band combination is identified as so called “problematic band combination”, it does not mean that in all cases MSD or single UL transmission is needed in practice. 

Observation 1: Based on operator’s LTE – NR NSA deployment it is possible for the network to identify if any MSD may be needed due to simultaneous dual UL transmission in a given operator deployment and LTE – NR DC configuration (i.e. with the used carrier frequencies, BWs etc). Thus, the network would be able to identify if single UL transmission could be needed in the given LTE – NR DC deployment and configurations for avoiding or minimising needed UE Rx sensitivity degradation.

If the network has identified that a given operator is using such carrier frequencies and channel bandwidths of so called “problematic band combination” that IMD or harmonics could create issues for UE Rx sensitivity, the network can use additional mechanisms to find out if dual UL or single UL should be used for a given UE.

It is expected that like in LTE also in NR similar UE measurement reportings like UE Power headroom (UPH), possible also UE Tx power measurement, RS and/or SS signal’s Rx power measurement and UE CSI reporting will be specified. These UE measurements and channel quality estimates can be used by the network to find out if a given UE is experiencing or about experience UE Rx sensitivity degradation with single UL transmission. For example, the network can utilize UPH possibly combined with UE Tx power reporting, current UL allocation and data rate for a given frequency and RAT (e.g. for LTE Band 3) to find out if UE is close to UL coverage limit. If the UE is not close to the UL coverage limit of a given band and RAT but the UE is reporting low CSI or weak RS or SS signal power, the network could consider using single UL transmission e.g. using TDM scheme to improve UE Rx sensitivity and thus, reception performance. In LTE also in-device co-existence indication (IDC) signalling from the UE to network is also defined. Similar signalling could also be defined for NR, which could also be used by the UE to indicate that it is experiencing sensitivity degradation and therefore, single UL could be used to reduce needed MSD. The current LTE IDC signalling could potentially be extended with additional information from the UE to the network. It is worth noting that even if single UL using TDM scheme between LTE and NR UL transmissions is used, there are cases where the UE is experiencing sensitivity degradation e.g. due to harmonics interference. Thus, the UE needs to be able to cope with some amount of sensitivity degradation anyway. 
Observation 2: Network is able to find out when the UE is experiencing sensitivity degradation due to dual UL transmission using the network deployment information, UE measurement reporting such as UE Power Headroom, UE Tx power, RS or SS signal received power, CSI reporting combined with UL data rates and UL allocations. Based on that information the network can use single UL transmission e.g. with TDM scheme for avoiding UE Rx sensitivity degradation.
Considering the discussion and observations of this contribution we see that it is possible to utilize network decision based single UL transmission for reducing UE Rx sensitivity degradation for so called problematic LTE – NR DC band combinations. Therefore, we see that the proposal made in [2] is feasible to use in practice. In addition to the UE measurement reporting quantities and suitable network functions and algorithms, RAN4 should also continue analyses LTE – NR band combinations to understand in which cases IMD and harmonics issues may occur.  
4
Conclusions
In this contribution, we have discussed how how single UL transmission could be used under network control for avoiding or at least reducing UE Rx sensitivity degradations. We make the following observations in the document:
Observation 1:  Based on operator’s LTE – NR NSA deployment it is possible for the network to identify if any MSD may be needed due to simultaneous dual UL transmission in a given operator deployment and LTE – NR DC configuration (i.e. with the used carrier frequencies, BWs etc). Thus, the network would be able to identify if single UL transmission could be needed in the given LTE – NR DC deployment and configurations for avoiding or minimising needed UE Rx sensitivity degradation.
Observation 2: Network is able to find out when the UE is experiencing sensitivity degradation due to dual UL transmission using the network deployment information, UE measurement reporting such as UE Power Headroom, UE Tx power, RS or SS signal received power, CSI reporting combined with UL data rates and UL allocations. Based on that information the network can use single UL transmission e.g. with TDM scheme for avoiding UE Rx sensitivity degradation.

Considering that the network controlled single UL solution can help to reduce or even avoid UE Rx MSD (when MSD is only caused by dual UL transmission). Therefore, we see that our previous proposal [2] should be used as basis for developing NR UE requirements and enabling single UL transmission in LTE – NR DC.

Proposal: 

· For all LTE-NR band combinations, dual UL transmission is supported by the UE and MSD is defined when needed.
· For LTE - NR band combinations with large Rx MSD values, single UL transmission should be considered as one solution to avoid the REFSENS degradation. Network decides if and when to use single transmission solution.
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