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1	Introduction
  In RAN4#84 and RAN4-NR#3 meetings, there were extensive discussions on single or dual UL transmission in LTE-NR DC band combination. The WF [1] proposed and supported by many companies but could not reached an agreement in the last meeting. In this contribution, we analyzed LTE-NR DC band combinations from IMD perspective and provide our view how to decide difficult bands based on the result.
2	Discussion
In LTE, required MSD values were derived for some CA band combinations and given in Table 7.3.1A-0f in TS 36.101. In the table, required MSDs were specified along with the source in terms of IMD for 2DL/2UL interband CA case.
Table 1 has been re-processed from the LTE MSD table and shows another angle of the table 7.3.1A-0f in which required MSDs are shown with minimum, maximum, and average MSD for each of IMD orders. For example, minimum, maximum, and average MSD due to 2nd-order IMD are 24, 32.5, and 24 dB, respectively.
Even though Min-Max difference shows a wide range, i.e. 8.5, 20.7, 13.7, and 3.9 dB for each of 2nd, 3rd, 4th, and 5th order IMD, respectively, the averages give a very good indication and correlation with the IMD orders.

Observation 1: IMD order is a good indicator and well correlated with required (average) MSD.
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Table 1. Required MSD for each of IMD orders (re-processed from the table 7.3.1A-0f in TS 36.101)
Figure 1 shows BLER/Throughput vs. SNR for LTE, QPSK modulation with different code rates under AWGN, 1x1 setup, 20 MHz CBW, and ideal receiver processing assumptions.
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Figure 1. BLER/Throughput curve for LTE CTC (AWGN, 1x1 setup, 20 MHz CBW, ideal Rx processing)


From the figure, 1 dB SNR degradation indicates that nearly 100% BLER (zero throughput with 1-HARQ assumption) for QPSK for a fixed code rate.

Observation 2: 1 dB SNR degradation already shows severe performance degradation in QPSK with a fixed code rate and this has a critical impact for REFSENS.


Considering the throughput requirement for REFSENS in which throughput is equal or greater than 95 %, 1 dB SNR degradation is already critical for the performance in terms of throughput. Thus, 3 dB SNR degradation which means 3 dB MSD is sufficient as a reference to decide difficult band combinations.

Observation 3: 3 dB MSD should be considered as a reference to decide difficult band combinations.


In tables 2 – 4 show expected IMD terms for LTE-NR DC combinations for 3.5 GHz, 4.5 GHz, and LTE re-farming NR bands. In this discussion, only 1-CC LTE and 1-CC NR and only IMD sources (not harmonics, etc.) are being assumed.
From the Observations 1 – 3, 5th or 6th IMD order could include 3 dB MSD value in their ranges and one of these IMD orders should be considered as the difficult band combinations for a single or dual UL transmission mode in LTE-NR DC.

Observation 4: 5th or 6th IMD order should be considered as the difficult band combinations for the dual UL simultaneous transmission in LTE-NR DC.
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Table 2. Expected IMD terms in LTE + 3.5 GHz NR DC combinations
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Table 3. Expected IMDs in LTE + 4.5 GHz NR DC combinations
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Table 4. Expected IMDs in LTE + (LTE re-farmed) NR DC combinations

3	Conclusions
In this contribution, we made the following observations:

Observation 1: IMD is a good indication and well correlated with required (average) MSD.

Observation 2: 1 dB SNR degradation already shows severe performance degradation in QPSK with a fixed code rate and this has a critical impact for REFSENS.

Observation 3: 3 dB MSD should be considered as a reference to decide difficult band combinations.

Observation 4: 5th or 6th IMD order should be considered as the difficult band combinations for the dual UL simultaneous transmission in LTE-NR DC.
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