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1. Introduction
In RAN4#83 meeting there was intense discussion on possible qualitative criteria to be used to decide which band combination the UE could optionally declare single UL support only via TDM operation. IMD order for the issues has been discussed as potential criteria and, in this contribution we are discussing why this cannot constitute sufficient criteria and other aspects which must be considered.
2. Discussion
2.1. Potential Issue Due to Harmonics
Before digging into the subject of critical aspects to assess cases with IMD issues, we first want to discuss the use of single UL TDM for solving harmonic related issues. In [1] the following background information is provided in last slide stating: “A possible rule could be based on presence of resulting IMD[2]…[7] (including harmonics as long as the cause includes simultaneous Tx) falling in Rx with the given channel assignment”
The underlined text seems to imply that TDM based single UL can be used to solve MSD issues related to harmonics in the same way as for IMDs. It is obvious that harmonic related issues are not due to the presence of two UL signals and would be only be marginally attenuated by the duty cycle of the TDM operation. This also means that the use of TDM based single UL to solve IMD issues for a combination already suffering similar MSD from harmonic issue may prove unnecessary.
Observation 1:

· TDM single UL does not provide solution to harmonic related MSD issues.

· When a combination already suffers from harmonic related MSD issue, use of TDM single UL to solve IMD issues at lower or similar MSD level may prove unnecessary.
2.2. Different Band Combination Cases
In order to assess the impact of different IMD order or even indexes, the first aspects to investigate is where and in which type of component the 2 UL gets combined. For this, we show a high level architecture view of different cases in Figure 1.
Common Transmit Path (left on Figure 1)

This case is only possible for intra-band combinations, and there the two signals will worst case be injected at the same power level to a PA in the forward direction. In this case, the resulting IMD levels are dominated by the PA non-linearity.

With 3dB reduction on each tone, we can do a first order estimation of IMD levels at PA output:

· Output power at antenna = 23dBm (2x20dBm)

· Post PA losses of 4dB => forward tones at PA output = 24dBm each
· PA OIP3 = 42dBm and OIP5 = 34dBm 

· IMD3 level at -12dBm and IMD5 level at -16dBm
· Such IMD levels falling into active receiver channel would require significant attenuation to achieve moderate MSD, not taking into account that some IMD is generated by passive components such as switches and filters (but to a significantly lower level than for the PA).

· Even high order IMDs will have significant power level and can cause MSD.

For these cases it must still be noted that:

· For TDD/TDD cases, the UL can only be synchronous so there is no simultaneous active receiver => no MSD

· For FDD/FDD cases if the LTE and NR allocation are adjacent and within similar aggregated bandwidth than LTE channels, even for partial allocation in each system, the performance is similar to a LTE non-contiguous allocation case, and can be optimized by the scheduler. The IMDs sees the duplexer attenuation before reaching the receiver. Still this case can result in high MSD.
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Figure 1: Three different transmitter path cases depending on band combinations and feature support
Separate PA (center in Figure 1)
In all inter-band combination cases with bands belonging to different sub-bands (LD/MB/HB/UHB), the 2 UL signal are recombined after the separate sub-band PAs, this time the PA sees only one signal in the forward path, while the other signal comes backward after attenuation by the diplexer, in this case the reverse signal sees at least 26dB attenuation.

As demonstrated in [2] with reverse IMD measurement in this case, the IMD generation is dominated by the passive components that sees the two tones at the same level after the PAs, notably the switches closest to the antenna
With 3dB reduction on each tone we can do a first order estimation of IMD3 levels at the switch output:

· Output power at antenna = 23dBm (2x20dBm)

=> Forward tones at switch input = 21dBm each
· Switch OIP3 = 75dBm
· IMD3 level at -84dBm (considering two equal contributors) => moderate MSD
· Higher order IMDs can only result in lower MSD.

For these cases it must still be noted that:

· For TDD/TDD cases synchronous operation guaranties that there is no simultaneous active receiver => no MSD

· For FDD/TDD cases, if IMD issue falls in TDD band, since there is no simultaneous active receiver => no MSD

· For FDD/FDD cases exact frequency position of the IMD and assumptions on RB allocations in both UL if at maximum power must be considered.

· Note that FDD/FDD cases in same sub-band but with 2 PAs and quadplexers can fall in this category
Separate Antenna (right in Figure 1)

Separate antenna can be assumed for bands where 2x2 UL MIMO is supported but also it is unlikely that an antenna efficiently supports from 600MHz up to 4.5GHz, thus band combination between the lowest <1GHz bands and bands above 3.3GHz may use different antennas.
In this different antenna cases, not only reverse IMD must be considered for the PAs, which means the IMDs are dominated by the passive device, but also the tones do not have the same power. For intra band case one UL sees the antenna isolation but for some inter-band cases it will see diplexer attenuation. The first case is studied in [2] and assuming a switch OIP3 of 75dBm:
· For intra-band case, the FW tone is 20dBm and the reverse tone is 10dBm 
=> IMD3 highest level is -96dBm and the lowest is -118dBm 
=> No or moderate MSD for FDD cases, no MSD for TDD case as synchronous
· For the inter-band case, a diplexer may further attenuate the reverse tone before reaching the switch
=> No or moderate MSD for FDD cases, no MSD for TDD case as synchronous
Observation 2:

· When the two UL are fed forward into a single PA the IMD levels are very high (dominated by the PA) and will cause significant MSD even if up to 50dB attenuation is assumed (i.e for FDD/FDD cases). This is mainly the case for intra-band or in same sub-band combinations if a second PA path is not provided/present.
· In the inter-band cases from different sub-bands, two separate PA paths are available and IMD levels are then dominated by passive components and significantly reduced.

· In cases where separate antenna paths are available, IMD is dominated by passives and one of the UL is attenuated by antenna isolation, IMD levels can be low enough to avoid any significant MSD.
3. Conclusion
In this contribution we discussed the aspects that should be considered in addition to IMD order and index to judge of the criticality of potential MSD resulting from dual UL operation in LTE/NR DC for NSA. For the same IMD order, different configuration may exist that can significantly change the level of interfering IMD product. The following observations are made:
Observation 1:

· TDM single UL does not provide solution to harmonic related MSD issues.

· When a combination already suffers from harmonic related MSD issue, use of TDM single UL to solve IMD issues at lower or similar MSD level may prove unnecessary.
Observation 2:

· When the two UL are fed forward into a single PA the IMD levels are very high (dominated by the PA) and will cause significant MSD even if up to 50dB attenuation is assumed (i.e for FDD/FDD cases). This is mainly the case for intra-band or in same sub-band combinations if a second PA path is not provided/present.
· In the inter-band cases from different sub-bands, two separate PA paths are available and IMD levels are then dominated by passive components and significantly reduced.

· In cases where separate antenna paths are available, IMD is dominated by passives and one of the UL is attenuated by antenna isolation, IMD levels can be low enough to avoid any significant MSD.
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