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1	Introduction
There were active discussions on this topic in past meetings. During the discussions, it seems that BS vendors and operators worried about system efficiency degradation by not supporting dual UL transmission mode. In our understanding, dual UL transmission will be supported for the band combinations without IMD issues. However, for those band combination with strong IMDs, UE has to have a flexibility to choose either a single UL transmission or dual UL transmission.
This contribution discusses why UE has better position to decide the transmission mode.
2	Discussion
It was clearly indicated in RAN1 agreement that UE capability of single UL transmission is defined in case of simultaneous UL transmission of different carriers, which means UE has a choice which transmission it should support.

	R1-1714827
· For UE with simultaneous UL transmissions on different carriers (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), define UE capability of single UL transmission
· If UE is configured with single UL transmission, support the following
· UE is configured with DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell
· For scheduling/HARQ timing of LTE FDD carrier, DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell is applied
· UE is allowed to transmit NR UL signals in the subframe(s) where LTE UL transmission is not allowed according to the DL-reference UL/DL configuration




Observation 1: Defining UE capability on single UL transmission is already defined in case of simultaneous UL transmission with different carriers by RAN1 agreement.


Intermodulation distortion and maximum sensitivity degradation
Intermodulation distortion (IMD) is one of key RF parameters in a nonlinear component or system. The analysis is based on power series with a weak nonlinearity; the output of the nonlinear system will be given as the following equation:

  (Equation 1)

where , are small, time varying quantities representing the RF input and output signals. The  coefficients are scalar quantities that characterize the nonlinear component or system, and determined experimentally. Generally speaking, one set of coefficients will apply for only a single frequency and a fixed set of biasing and tuning conditions.
Most common way of IMD analysis is 2-tone IMD in which two sinusoidal signals are being assumed for the input, i.e. . For LTE-NR DC band combination analysis, we use  as the excitation, where  and  are the LTE and NR carrier frequencies; and  and  are associated signals, i.e. voltage, respectively. Thus, IMD product is a function of both signals and carrier frequencies. In most cases, IMD has a critical impact on receiver sensitivity comes from the intermodulation between UL frequencies. From the equations above, the powers of each of IMD components could be derived. However, baseline assumption of the equation is free space radiation and this will not work in real hardware implementation. Thus all of IMD analysis are focusing on potential problematic frequency identifications for each of IMD components.

Observation 2: All of IMD analysis are focusing on potential problematic band combination identification because IMD power cannot be predicted in real hardware implementation. 

Maximum sensitivity degradation (MSD) is a parameter by which certain sensitivity degradation could be allowed in UE for the sensitivity conforming test. This parameter is purely implementation dependent and cannot be predicted without real hardware implementation information, i.e. ground/power/signal routing, location of each of components, location of power supply, etc. Each UE could have different MSD values with quite wide range depending on its implementation.

Observation 3: MSD is a purely implementation specific parameter and could have a wide range of values among the UE companies.
 

Actually, UE itself is the best entity to know about current interference status including IMD without any delay. Wireless channel is changing dynamically. In addition, many in-device coexistences and interferences are also happening inside UE which network never know. From that perspective, UE is in better position than any other BS. Furthermore, every UE vendor has different technologies to address the issue, i.e. filter, interference suppression, isolation technique between components and modules, etc. For some UEs, they might have an advantage and could support 2 UL simultaneous transmission even under strong IMD situation. Thus, UE should have a control to choose the transmission mode.

Observation 4: IMD issue could be better addressed by implementation techniques for some UE companies. 

Observation 5: UE is the best entity to know about current IMD, in-device coexistence, and interference issues.

Again, the single transmission is only for the band combinations with IMD issues. For those band combination without IMD issues, dual transmission will be supported. However, UE should have the control to choose the transmission mode.

Proposal 1: UE should have the control to choose either single or dual UL transmission for those IMD issue band combinations.

On consideration of UL performance
There are several factors related to UL performance which should be addressed in application to LTE/NR UL TDM [1]

UL coverage perspective 
UL coverage depend on the UE maximum TX power. The maximum coverage can be achieved for narrowband localized UL transmission with the maximum power. So, in order to achieve peak coverage UE is not supposed to have simultaneous transmissions on 2 carriers which would limit the available power budget. Therefore, TDM of UL carriers does not have impact on the UL coverage.

UL throughput perspective
· Cell-edge UEs: Typically under cell-edge conditions UEs operate in the power-limited mode. Hence, similar to UL coverage case it is likely that simultaneous LTE/NR UL operation will not be used for cell edge UEs due to power constraints at the UE side.

· Cell-center UEs: Due to TDM operation in UL certain impact on UL throughput for cell center UEs (and for UL peak throughput) can be expected. However, the NR UL BW is expected to be much larger than the LTE UL CBW (e.g. LTE has up to 20 MHz BW and NR has up to 100 MHz). Hence, our expectations is that the UL throughput performance will be driven mainly by the available NR UL CBW. The exact throughput would depend on the proportion of available LTE/NR subframes in case of using TMD. For the “Case 1” solution it is possible to achieve up 90%/10% ratio of NR/LTE UL subframes (time resources). Hence, a relatively limited impact on the UL performance is expected.

Observation 6: Support of NR/LTE UL TDM does not have impact on the UL coverage performance and cell-edge UE UL throughput performance. Relatively limited impact on cell-center UEs UL throughput can be expected.

3	Conclusions
In this contribution we made the following observations and proposal:

Observation 1: Defining UE capability on single UL transmission is already defined in case of simultaneous UL transmission with different carriers by RAN1 agreement.

Observation 2: All of IMD analysis are focusing on potential problematic band combination identification because IMD power cannot be predicted in real hardware implementation. 

Observation 3: MSD is a purely implementation specific parameter and could have a wide range of values among the UE companies.

Observation 4: IMD issue could be better addressed by implementation techniques for some UE companies. 

Observation 5: UE is the best entity to know about current IMD, in-device coexistence, and interference issues.

Observation 6: Support of NR/LTE UL TDM does not have impact on the UL coverage performance and cell-edge UE UL throughput performance. Relatively limited impact on cell-center UEs UL throughput can be expected.

Proposal 1: UE should have the control to choose either single or dual UL transmission for those IMD issue band combinations.
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