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1. Introduction
In RAN4#88-Bis, several power scaling schemes have been presented in [1]. This contribution presents additional IMD measurements to update results presented in [2] for DC_(n)71, DC_(n)41 and DC_41_n41. We propose a new back-off compensation scheme for type 1 UEs. While measuring Band 41 EN_DC cases, extra back-off needed to meet the -30dBm/MHz limit compared to the NS04 -25dBm/MHz case was assessed.
2. Discussion
2.1. Back-off Compensation Scheme Measurements
Definitions:

· Equal back-off (equalBO): LTE and NR have equal back-off, condition at which the current Release 15 A-MPR equations in 38.101-3 were derived

· Missing LTE back-off (missingBO): case where the LTE back-off is less than the equal back-off of the A-MPR equation

· Extra LTE back-off (extraBO): case where the LTE back-off is more than the equal back-off of the A-MPR equation

· Back-off ratio (X:1): NR back-off is increased by X per dB of delta LTE back-off versus equal back-off AMPR case

In order to assess the ratio of NR back-off increase in dB to compensate for 1dB of missing or extra LTE back-off, measurement with 1:1 ratio were performed. This enabled a simple measurement and analysis:
· If there was under compensation, the IMD level would increase

· If the increase is less than 1dB/dB when there is missing LTE back-off then a 2dB:1dB NR to LTE compensation scheme works

· If the increase is less than 1dB/dB when there is extra LTE back-off then a 0.5dB:1dB NR to LTE compensation scheme works

· If there was over compensation, the IMD level would decrease which is safe

It is to be noted that with the worst case ideal IMD3 behavior:
· To account for LTE power set above the equal-BO operating point, NR back-off should scale by 2dB for every missing dB of LTE back-off
· To account for LTE power set below the equal-BO operating point, NR should scale by 0.5dB for every extra dB of LTE back-off
Sets of measurements: Both Band 71 and Band 41 intra-band EN_DC cases have been measured:
· DC_(n)71AA was measured in a 1PA forward setup on a manual bench on a limited set of allocation cases with 1:1 ratio then to check the theory:

· The worst 1RB/1RB case was measured with 2:1 ratio for missing LTE back-off

· The worst 1RB/1RB case was measured with 0.5:1 ratio for extra LTE back-off  

· DC_(n)41AA was measured in a 2PA reverse setup on an automatic bench on a larger set of allocation cases, with 1:1 ratio

· DC_41A_n41A was measured in a 2PA reverse setup on an automatic bench on a larger set of allocation cases with 1:1 ratio

In addition to assess the MPR needed to meet the -30dBm/MHz spurious emission limit for non-NS04 Band 41 intra-band EN_DC, the IMD levels were tested with an extra 3dB equal back-off compared to the -25dBm/MHz NS04 case. In this case if IMD levels are reduced by at least 5dB the MPR equations can be derived from NS04 -25dBm/MHz equations -3dB.

The measurements are focused around emissions in 1MHz measurement bandwidth with small allocation as these are more sensitive to asymmetry and nulling, ACLR behavior being wider bandwidth it is expected to behave even more favorably. 

2.2. DC_(n)71AA Test Conditions
Measurement Setup: Single PA in forward IMD scenario

Measurements are performed with the following assumptions:

· Device under test: Band 71 power amplifier (PA) calibrated with 20MHz DFT-s-OFDM QPSK full allocation at 1 dB MPR to pass NR ACLR requirements

· LTE power class = NR power class = EN-DC power = PC3
· Post PA insertion losses: 4 dB.

· Operating cell bandwidth: LTE 10 MHz, NR 10 MHz, LTE centered at 668 MHz, NR centered at 678 MHz,

· Waveforms: LTE: QPSK SC-FDMA, NR: QPSK DFT-S-OFDM SCS 15 kHz,
To explore different allocation ratios of the AMPR equation, following cases were measured in [2] with 1:1 compensation ratio:
· TC 1: LTE: QPSK_10MHz_1RB 0, NR: QPSK_10MHz_1RB 51 / A-MPR= 10dB / equal-BO = 17 dBm,
· TC 2: LTE: QPSK_10MHz_1RB0, NR: QPSK_10MHz_6RB46 / A-MPR=9dB / equal-BO = 18 dBm,
· TC 3: LTE: QPSK_10MHz_1RB24, NR: QPSK_10MHz_30RB11 / A-MPR=6dB / equal-BO = 21 dBm,

· TC 4: LTE: QPSK_10MHz_1RB0, NR: QPSK_10MHz_30RB22 / A-MPR=6dB / equal-BO = 21 dBm,

· TC 5: LTE: QPSK_10MHz_10RB0, NR: QPSK_10MHz_50RB1 / A-MPR=5dB / equal-BO = 22 dBm,

· TC1 was re-conducted with 2:1 ratio for missing LTE back-off and 0.5:1 ratio.
Note that these test cases have been selected to perform measurements at the corner points of the A-MPR table and, for a given A-MPR value, RB offset have been selected to maximize IMD product levels. 
Also note that in [2], equal-BO point was erroneously calculated using n41 A-MPR rules, thereby driving the PA at 3 dB higher level than what n71 A-MPR define. This revision presents in Annex A measurements performed at 4dB higher back-off.
2.3. DC_(n)71AA Measurements
For each test case, the power levels of IMD3 and IMD5 are reported on the y-axis relative to the power level obtained at the ideal equal-BO operating point. The NR transmit power can be read on the x-axis, for both cases where LTE transmit power is above or below the equal-BO operating point. Figure 1 shows the measurement results obtained for 1:1 compensation scheme for each test case. It can be seen that 1:1 does not guarantee keeping IMD 3 or IMD 5 power levels within the target level obtained at each corresponding equal-BO operating point. Nevertheless, when the IMD level increases it does with less than a 1:1 ratio thus the theoretical 2:1 ratio for missing LTE back-off and 0.5:1 ratio for extra LTE back-off can work, this is verified with test in Figure 2.
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Figure 1: IMD 3 / IMD 5 measurements for 1:1 dB back-off compensation vs test cases. Equal-BO operating point highlighted with vertical dashed line.
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Figure 2: IMD 3 / IMD 5 measurements for 2:1 / 0.5:1 dB back-off compensation vs test cases.

These measurements in Figure 2 show that IMD5 power levels do not exceed those obtained at equal-BO. IMD3 power levels exceed the level reached at equal-BO by 0.7 to 0.8 dB over the following range: 6 dB below equal-BO and 4 dB above equal-BO operating point.
Observation 1: For type 1 UEs
1. The 1:1 power scaling compensation scheme does not guarantee IMD power level control,

2. The 2:1 / 0.5:1 power scaling rule offers good control of IMD 5 emission levels. For IMD3, it bounds the emission levels to less than 1 dB increase above the ideal equal-BO operating point over the range -6 / +4 dB referred to equal-BO operating point.
Measurements performed at an additional 4dB total power back-off can be found in Annex A. These measurements confirm Observation 1.1, ie. the 1:1 power scaling compensation scheme does not guarantee IMD power level control when LTE deviates from the A-MPR equal-BO operating point.
2.4. DC_(n)41AA and DC_41A_n41A Test Conditions

Measurement Setup: 2 PA in reverse IMD scenario, 2 measurements are needed and results added:

· LTE in forward (FW) path and NR in reverse (REV) path

· NR in forward path and LTE in reverse path

Measurements are performed with the following assumptions:

· Device under test: Band 41 power amplifier (PA) calibrated with 20MHz DFT-s-OFDM QPSK full allocation at 1 dB MPR to pass NR ACLR requirements
· Equal PSD but chosen allocations are close to equal power

· LTE power class = NR power class = EN-DC power = PC2
· Post PA insertion losses: 4dB. Antenna isolation: 10dB
· Operating cell bandwidth: LTE 20 MHz, NR 40 MHz and 60MHz, LTE/NR gaps of 0MHz (contiguous) and 20/40/60MHz (non-contiguous)
· Waveforms: LTE: QPSK SC-FDMA, NR: QPSK DFT-S-OFDM SCS 15kHz (40MHz) and 30kHz (60MHz),

· For all case, were measured:

· ACLR (EN_DC)

· IMD3 and IMD5 peaks in 1MHz measurement bandwidth

To explore different allocation ratios of the -13dBm/MHz and the -25dBm/MHz AMPR equation, following cases were measured with 1:1 compensation ratio: allocation name: LTE waveform/gap MHz/NR waveform
· Contiguous cases:
· QPSK_20MHz_1RB_0/0/DFT_QPSK_40MHz_1RB_215_15

· QPSK_20MHz_3RB_0/0/DFT_QPSK_40MHz_3RB_213_15

· QPSK_20MHz_6RB_0/0/DFT_QPSK_40MHz_6RB_210_15

· QPSK_20MHz_15RB_0/0/DFT_QPSK_40MHz_15RB_201_15

· QPSK_20MHz_1RB_0/0/DFT_QPSK_40MHz_1RB_0_15

· QPSK_20MHz_1RB_50/0/DFT_QPSK_40MHz_216RB_0_15

· QPSK_20MHz_100RB_0/0/DFT_QPSK_40MHz_216RB_0_15

· QPSK_20MHz_100RB_0/0/DFT_QPSK_40MHz_1RB_105_15

· QPSK_20MHz_1RB_0/0/DFT_QPSK_60MHz_1RB_161_30

· QPSK_20MHz_3RB_0/0/DFT_QPSK_60MHz_2RB_160_30

· QPSK_20MHz_6RB_0/0/DFT_QPSK_60MHz_3RB_159_30

· QPSK_20MHz_15RB_0/0/DFT_QPSK_60MHz_8RB_154_30

· Non-contiguous cases:

· QPSK_20MHz_1RB_99/20/DFT_QPSK_40MHz_100RB_0_15

· QPSK_20MHz_1RB_0/20/DFT_QPSK_40MHz_1RB_215_15

· QPSK_20MHz_1RB_0/20/DFT_QPSK_40MHz_2RB_214_15

· QPSK_20MHz_3RB_0/20/DFT_QPSK_40MHz_3RB_213_15

· QPSK_20MHz_6RB_0/20/DFT_QPSK_40MHz_6RB_210_15

· QPSK_20MHz_15RB_0/20/DFT_QPSK_40MHz_15RB_201_15

· QPSK_20MHz_100RB_0/20/DFT_QPSK_40MHz_216RB_0_15

· QPSK_20MHz_1RB_0/40/DFT_QPSK_40MHz_1RB_215_15

· QPSK_20MHz_1RB_0/40/DFT_QPSK_40MHz_2RB_214_15

· QPSK_20MHz_3RB_0/40/DFT_QPSK_40MHz_3RB_213_15

· QPSK_20MHz_3RB_0/40/DFT_QPSK_40MHz_3RB_213_15

· QPSK_20MHz_6RB_0/40/DFT_QPSK_40MHz_6RB_210_15

· QPSK_20MHz_15RB_0/40/DFT_QPSK_40MHz_15RB_201_15

· QPSK_20MHz_100RB_0/40/DFT_QPSK_40MHz_216RB_0_15

· QPSK_20MHz_1RB_0/20/DFT_QPSK_60MHz_1RB_161_30

· QPSK_20MHz_1RB_0/20/DFT_QPSK_60MHz_1RB_161_30

· QPSK_20MHz_1RB_0/20/DFT_QPSK_60MHz_1RB_161_30

· QPSK_20MHz_3RB_0/20/DFT_QPSK_60MHz_2RB_160_30

· QPSK_20MHz_6RB_0/20/DFT_QPSK_60MHz_3RB_159_30

· QPSK_20MHz_15RB_0/20/DFT_QPSK_60MHz_8RB_154_30

· QPSK_20MHz_100RB_0/20/DFT_QPSK_60MHz_162RB_0_30

· QPSK_20MHz_1RB_0/60/DFT_QPSK_60MHz_1RB_161_30

· QPSK_20MHz_3RB_0/60/DFT_QPSK_60MHz_2RB_160_30

· QPSK_20MHz_6RB_0/60/DFT_QPSK_60MHz_3RB_159_30

· QPSK_20MHz_15RB_0/60/DFT_QPSK_60MHz_8RB_154_30

· QPSK_20MHz_100RB_0/60/DFT_QPSK_60MHz_162RB_0_30
At the time of the contribution deadline results were only analyzed partially, a revision will be provided with further analysis to confirm observations done on the partial measurement set.
Measurement result presentation
Back-off scenarios:
· 0Pmax,-XdB NRBO vs AMPR: measurement at Pmax: X=equal BO AMPR for -13dBm/MHz (if applies) or -25dBm/MHz: verification if -30dBm/MHz met for IMD5 and -13 or -25dBm/MHz met for IMD3
· 1equal BO ,0dB NRBO vs AMPR: equal back off AMPR: if two cases: first is for -13dBm/MHz, next for-25dBm/MHz, verification that -13dBm/MHz and/or -25dBm/MHz is met: green
· 2missing LTE BO,XdB NRBO vs AMPR: 1:1 XdB extra NR BO to compensate XdB missing LTE BO verification, if good enough: green, if needs 2:1 ratio: yellow
· 3extra LTE BO,-3dB NRBO vs AMPR: 1:1 3dB less NR BO to compensate 3dB extra LTE BO, if good enough: green, if needs 0.5:1 ratio: yellow
· 1equal BO ,3dB NRBO vs AMPR: non NS-04 MPR case where equal BO for -25dBm/MHz is reduced by 3dB, verification if absolute <-30dBm/MHX and delta > 5dB: dark green
Organization of Tables:

· First column provides the LTE and NR waveforms and associated gap

· Second column provides the back-off scenario
· Then: 

· Absolute values of LTE, NR, ENDC back-off are given

· IMD3 and IMD5 measured values: absolute values are not necessarily equivalent to the cases that were used to derive AMPR equations, levels at <-65dBm/MHz are in the measurement noise floor

· NR back-off relative to equal back-off case

· IMD3 level relative to equal back-off case: compensation ratio is verified
2.5. DC_(n)41AA Emissions Measurements

At the time of contribution deadline only 20MHz LTE + 40MHz NR could be analyzed, other scenarios will be verified and provided in a revision. To explore a large range of compensation a NR back-off step of 3dB is used in many instances which did not allow verifying the region very close to equal back-off but this is done for Band 71 case. These measurements focus on small allocations that are SEM or emissions limited.
Table 1 provides the IMD3 and IMD5 results for 20MHz LTE + 40MHz NR in increasing absolute allocation with steps corresponding to the changing points in AMPR equations. LTE and NR allocation bandwidth is kept as close as possible.
First, in all the cases with back-off IMD5 results can be ignored for -13dBm/MHz and -25dBm/MHz, and -30dBm/MHz is also met.

Second, in all the cases with equal AMPR back-off IMD3 results meet the -13dBm/MHz and -25dBm/MHz but in some cases the -30dBm/MHz is not met.

These observations allow us to focus our attention to the IMD3 behavior relative to the equal back-off case in the last two columns.

Observation 2: 

· It can be seen that the worst cases for missing LTE BO needs a 2:1 compensation in most cases. Still some case show good results even with 1:1 compensation
· It can be seen that the worst cases for extra LTE BO needs a 0.5:1 compensation in most cases. Still some case show good results even with 1:1 compensation

· It can be seen that 3dB higher equal back-off improves IMD3 by more than 5dB, meeting -30dBm/MHz
Table 1: Measurement results for 20MHz LTE and 40MHz NR

[image: image3.emf]LTE BONR BOENDC BOIMD5LIMD3LIMD3HIMD5HNR BOIMD3LIMD3H

0Pmax,-14dB NRBO vs AMPR 3.0 3.0 0.0 -34.5 -8.9 -9.2 -13.6 -14.0 30.1 31.1

1equal BO ,0dB NRBO vs AMPR 17.0 17.0 14.0 -51.7 -39.0 -40.3 -27.2 0.0 0.0 0.0

3extra LTE BO,-3dB NRBO vs AMPR 20.0 14.0 13.0 -52.1 -41.0 -38.0 -24.2 -3.0 -2.0 2.3

1equal BO ,3dB NRBO vs AMPR 20.0 20.0 17.0 -52.1 -46.6 -46.2 -30.0 3.0 -7.6 -5.9

0Pmax,-14dB NRBO vs AMPR 3.0 3.0 0.0 -32.7 -9.6 -17.3 -38.8 -14.0 26.7 30.9

1equal BO ,0dB NRBO vs AMPR 17.0 17.0 14.0 -71.0 -36.3 -48.2 -73.2 0.0 0.0 0.0

2missing LTE BO,2dB NRBO vs AMPR 15.0 19.0 13.6 -70.7 -35.2 -49.8 -73.3 2.0 1.1 -1.6

2missing LTE BO,5dB NRBO vs AMPR 12.0 22.0 11.6 -71.8 -34.5 -52.1 -73.5 5.0 1.7 -3.9

2missing LTE BO,8dB NRBO vs AMPR 9.0 25.0 8.9 -72.4 -34.6 -55.0 -73.5 8.0 1.7 -6.7

2missing LTE BO,11dB NRBO vs AMPR 6.0 28.0 6.0 -72.4 -35.5 -58.0 -73.4 11.0 0.8 -9.7

2missing LTE BO,12dB NRBO vs AMPR 5.0 29.0 5.0 -72.3 -35.9 -58.9 -73.2 12.0 0.4 -10.7

3extra LTE BO,-3dB NRBO vs AMPR 20.0 14.0 13.0 -71.6 -38.3 -46.0 -73.2 -3.0 -2.0 2.3

1equal BO ,3dB NRBO vs AMPR 20.0 20.0 17.0 -74.5 -44.2 -56.5 -74.3 3.0 -7.9 -8.2

0Pmax,-9dB NRBO vs AMPR 4.8 1.8 0.0 -31.0 -9.6 -18.7 -39.8 -9.0 15.9 16.4

1equal BO ,0dB NRBO vs AMPR 13.8 10.8 9.0 -55.2 -25.5 -35.1 -64.3 0.0 0.0 0.0

2missing LTE BO,3dB NRBO vs AMPR 10.8 13.8 9.1 -56.6 -25.0 -37.0 -62.4 3.0 0.5 -1.9

2missing LTE BO,6dB NRBO vs AMPR 7.8 16.8 7.3 -59.9 -25.5 -39.3 -62.3 6.0 0.0 -4.2

2missing LTE BO,7dB NRBO vs AMPR 6.8 17.8 6.5 -60.9 -25.8 -40.2 -62.3 7.0 -0.3 -5.0

3extra LTE BO,-3dB NRBO vs AMPR 16.8 7.8 7.3 -55.2 -27.1 -34.4 -65.0 -3.0 -1.6 0.7

1equal BO ,3dB NRBO vs AMPR 16.8 13.8 12.0 -65.3 -32.5 -42.9 -71.0 3.0 -7.1 -7.8

0Pmax,-7dB NRBO vs AMPR 3.0 3.0 0.0 -34.0 -10.3 -18.2 -39.7 -7.0 10.9 12.5

1equal BO ,0dB NRBO vs AMPR 10.0 10.0 7.0 -49.8 -21.2 -30.7 -58.4 0.0 0.0 0.0

2missing LTE BO,4dB NRBO vs AMPR 6.0 14.0 5.4 -54.9 -22.1 -32.9 -55.1 4.0 -0.9 -2.2

2missing LTE BO,5dB NRBO vs AMPR 5.0 15.0 4.6 -56.1 -22.5 -33.6 -55.0 5.0 -1.2 -2.9

3extra LTE BO,-3dB NRBO vs AMPR 13.0 7.0 6.0 -47.9 -21.6 -30.5 -60.3 -3.0 -0.3 0.2

1equal BO ,0dB NRBO vs AMPR 16.0 16.0 13.0 -68.8 -34.6 -46.1 -72.3 0.0 0.0 0.0

2missing LTE BO,4dB NRBO vs AMPR 12.0 20.0 11.4 -69.6 -33.1 -49.2 -72.5 4.0 1.5 -3.1

2missing LTE BO,7dB NRBO vs AMPR 9.0 23.0 8.8 -71.6 -33.5 -52.0 -73.0 7.0 1.1 -5.8

2missing LTE BO,10dB NRBO vs AMPR 6.0 26.0 6.0 -71.9 -34.3 -54.8 -73.1 10.0 0.3 -8.7

2missing LTE BO,11dB NRBO vs AMPR 5.0 27.0 5.0 -71.8 -34.6 -55.8 -73.0 11.0 0.0 -9.7

1equal BO ,3dB NRBO vs AMPR 19.0 19.0 16.0 -74.1 -42.2 -54.3 -74.2 3.0 -7.6 -8.2

0Pmax,-5dB NRBO vs AMPR 3.0 3.0 0.0 -36.3 -11.7 -19.7 -41.7 -5.0 7.5 8.3

1equal BO ,0dB NRBO vs AMPR 8.0 8.0 5.0 -46.7 -19.2 -28.0 -55.7 0.0 0.0 0.0

2missing LTE BO,2dB NRBO vs AMPR 6.0 10.0 4.5 -49.8 -19.9 -28.4 -53.2 2.0 -0.6 -0.4

2missing LTE BO,3dB NRBO vs AMPR 5.0 11.0 4.0 -51.5 -20.2 -28.8 -52.2 3.0 -1.0 -0.8

3extra LTE BO,-3dB NRBO vs AMPR 11.0 5.0 4.1 -43.6 -19.0 -28.5 -57.1 -3.0 0.2 -0.5

1equal BO ,0dB NRBO vs AMPR 15.0 15.0 12.0 -67.2 -33.7 -44.9 -71.5 0.0 0.0 0.0

2missing LTE BO,3dB NRBO vs AMPR 12.0 18.0 11.0 -68.2 -32.7 -47.3 -71.5 3.0 0.9 -2.4

2missing LTE BO,6dB NRBO vs AMPR 9.0 21.0 8.7 -69.9 -32.8 -49.7 -72.1 6.0 0.9 -4.8

2missing LTE BO,9dB NRBO vs AMPR 6.0 24.0 5.9 -71.5 -33.9 -52.5 -72.4 9.0 -0.3 -7.6

2missing LTE BO,10dB NRBO vs AMPR 5.0 25.0 5.0 -71.4 -34.3 -53.4 -72.5 10.0 -0.6 -8.5

1equal BO ,3dB NRBO vs AMPR 18.0 18.0 15.0 -73.6 -41.1 -53.1 -74.0 3.0 -7.4 -8.2

0Pmax,-11dB NRBO vs AMPR 3.0 3.0 0.0 -14.8 -22.6 -11.0 20.0 22.4

1equal BO ,0dB NRBO vs AMPR 14.0 14.0 11.0 -34.8 -45.0 0.0 0.0 0.0

2missing LTE BO,2dB NRBO vs AMPR 12.0 16.0 10.5 -34.3 -46.5 2.0 0.6 -1.5

2missing LTE BO,5dB NRBO vs AMPR 9.0 19.0 8.6 -34.4 -48.9 5.0 0.4 -3.9

2missing LTE BO,8dB NRBO vs AMPR 6.0 22.0 5.9 -35.5 -51.4 8.0 -0.6 -6.5

3extra LTE BO,-3dB NRBO vs AMPR 17.0 11.0 10.0 -36.4 -43.3 -3.0 -1.5 1.6

1equal BO ,3dB NRBO vs AMPR 17.0 17.0 14.0 -42.1 -53.1 3.0 -7.3 -8.1

relative to equal BO

LTE and NR waveform + gap

backoff scenario

Absolute values

LTEQPSK20MHZ1RB0

+ 0MHz gap 

+ NRDFTQPSK40MHZ1RB015

LTEQPSK20MHZ1RB0

+ 0MHz gap 

+ NRDFTQPSK40MHZ1RB21515

LTEQPSK20MHZ1RB0

+ 0MHz gap 

+ NRDFTQPSK40MHZ2RB21415

LTEQPSK20MHZ3RB0

+ 0MHz gap 

+ NRDFTQPSK40MHZ3RB21315

LTEQPSK20MHZ6RB0

+ 0MHz gap 

+ NRDFTQPSK40MHZ6RB21015

LTEQPSK20MHZ15RB0+ 0MHz gap + 

NRDFTQPSK40MHZ15RB20115


2.6. DC_41A_n41A Emissions Measurements

At the time of contribution deadline only 20MHz LTE + 40MHz NR could be analyzed, other scenarios will be verified and provided in a revision. To explore a large range of compensation a NR back-off step of 3dB is used in many instances which did not allow verifying the region very close to equal back-off but this is done for Band 71 case. These measurements focus on small allocations that are SEM or emissions limited.

Table 2 provides the IMD3 and IMD5 results for 20MHz LTE + 40MHz NR in increasing absolute allocation with steps corresponding to the changing points in AMPR equations. LTE and NR allocation bandwidth is kept as close as possible.

Table 2: Measurement results for 20MHz LTE and 40MHz NR
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0Pmax,-14dB NRBO vs AMPR 3.0 3.0 0.0 -31.4 -9.4 -24.1 -40.0 -14.0 25.4 30.1

1equal BO ,0dB NRBO vs AMPR 17.0 17.0 14.0 -69.9 -34.8 -54.2 -73.7 0.0 0.0 0.0

2missing LTE BO,2dB NRBO vs AMPR 15.0 19.0 13.6 -69.4 -33.8 -54.6 -73.8 2.0 1.0 -0.4

2missing LTE BO,5dB NRBO vs AMPR 12.0 22.0 11.6 -70.1 -32.9 -56.2 -74.1 5.0 1.9 -2.1

2missing LTE BO,8dB NRBO vs AMPR 9.0 25.0 8.9 -71.6 -33.3 -58.6 -74.1 8.0 1.5 -4.4

2missing LTE BO,11dB NRBO vs AMPR 6.0 28.0 6.0 -71.9 -34.5 -61.5 -74.0 11.0 0.4 -7.3

2missing LTE BO,12dB NRBO vs AMPR 5.0 29.0 5.0 -71.9 -35.0 -62.5 -73.9 12.0 -0.2 -8.3

3extra LTE BO,-3dB NRBO vs AMPR 20.0 14.0 13.0 -70.9 -36.8 -53.4 -73.4 -3.0 -2.0 0.8

1equal BO ,3dB NRBO vs AMPR 20.0 20.0 17.0 -74.3 -42.6 -60.4 -74.7 3.0 -7.8 -6.2

0Pmax,-9dB NRBO vs AMPR 4.8 1.8 0.0 -29.3 -9.2 -23.4 -39.5 -9.0 14.9 20.5

1equal BO ,0dB NRBO vs AMPR 13.8 10.8 9.0 -52.8 -24.1 -43.9 -65.6 0.0 0.0 0.0

2missing LTE BO,3dB NRBO vs AMPR 10.8 13.8 9.0 -54.5 -23.8 -46.4 -64.3 3.0 0.3 -2.5

2missing LTE BO,6dB NRBO vs AMPR 7.8 16.8 7.3 -58.0 -24.4 -46.6 -63.9 6.0 -0.3 -2.6

2missing LTE BO,7dB NRBO vs AMPR 6.8 17.8 6.5 -59.3 -24.9 -46.7 -64.2 7.0 -0.8 -2.8

3extra LTE BO,-3dB NRBO vs AMPR 16.8 7.8 7.3 -53.2 -25.7 -40.7 -63.7 -3.0 -1.6 3.3

1equal BO ,3dB NRBO vs AMPR 16.8 13.8 12.0 -63.9 -31.1 -50.6 -71.6 3.0 -7.0 -6.7

0Pmax,-7dB NRBO vs AMPR 3.0 3.0 0.0 -32.6 -10.1 -24.7 -40.5 -7.1 9.8 15.4

1equal BO ,0dB NRBO vs AMPR 10.0 10.1 7.1 -47.8 -19.9 -40.1 -61.1 0.0 0.0 0.0

2missing LTE BO,4dB NRBO vs AMPR 6.0 14.0 5.4 -53.0 -21.3 -43.2 -57.3 3.9 -1.4 -3.1

2missing LTE BO,5dB NRBO vs AMPR 5.0 15.0 4.6 -54.4 -21.9 -43.5 -57.2 4.9 -2.0 -3.4

3extra LTE BO,-3dB NRBO vs AMPR 13.0 7.0 6.0 -45.7 -20.2 -37.6 -59.6 -3.1 -0.2 2.5

1equal BO ,0dB NRBO vs AMPR 16.0 16.0 13.0 -67.5 -33.1 -53.3 -73.1 0.0 0.0 0.0

2missing LTE BO,4dB NRBO vs AMPR 12.0 20.0 11.4 -68.2 -31.7 -54.1 -73.3 4.0 1.3 -0.8

2missing LTE BO,7dB NRBO vs AMPR 9.0 23.0 8.8 -70.6 -32.2 -56.0 -73.7 7.0 0.9 -2.7

2missing LTE BO,10dB NRBO vs AMPR 6.0 26.0 6.0 -71.4 -33.3 -58.7 -73.7 10.0 -0.2 -5.4

2missing LTE BO,11dB NRBO vs AMPR 5.0 27.0 5.0 -71.4 -33.8 -59.8 -73.7 11.0 -0.7 -6.5

1equal BO ,3dB NRBO vs AMPR 19.0 19.0 16.0 -73.7 -40.8 -59.0 -74.5 3.0 -7.7 -5.7

0Pmax,-5dB NRBO vs AMPR 3.0 3.0 0.0 -35.0 -11.7 -26.2 -42.7 -5.0 6.6 10.4

1equal BO ,0dB NRBO vs AMPR 8.0 8.0 5.0 -44.9 -18.3 -36.6 -60.1 0.0 0.0 0.0

2missing LTE BO,2dB NRBO vs AMPR 6.0 10.2 4.6 -48.0 -19.1 -38.0 -57.3 2.2 -0.8 -1.5

2missing LTE BO,3dB NRBO vs AMPR 5.0 11.0 4.0 -49.9 -19.6 -38.8 -55.8 3.0 -1.3 -2.2

3extra LTE BO,-3dB NRBO vs AMPR 11.0 5.0 4.0 -41.7 -17.8 -35.5 -56.4 -3.0 0.5 1.0

1equal BO ,0dB NRBO vs AMPR 15.0 15.0 12.0 -65.7 -32.2 -53.0 -72.7 0.0 0.0 0.0

2missing LTE BO,3dB NRBO vs AMPR 12.0 18.0 11.0 -66.7 -31.5 -53.4 -72.6 3.0 0.8 -0.4

2missing LTE BO,6dB NRBO vs AMPR 9.0 21.0 8.7 -68.7 -31.7 -54.6 -73.1 6.0 0.5 -1.6

2missing LTE BO,9dB NRBO vs AMPR 6.0 24.0 5.9 -71.0 -33.0 -56.9 -73.3 9.0 -0.8 -3.9

2missing LTE BO,10dB NRBO vs AMPR 5.0 25.0 5.0 -71.1 -33.5 -57.9 -73.4 10.0 -1.3 -4.8

1equal BO ,3dB NRBO vs AMPR 18.0 18.0 15.0 -73.0 -39.6 -58.5 -74.5 3.0 -7.4 -5.4

0Pmax,-11dB NRBO vs AMPR 3.0 3.0 0.0 -14.9 -29.4 -11.0 18.5 25.0

1equal BO ,0dB NRBO vs AMPR 14.0 14.0 11.0 -33.4 -54.3 0.0 0.0 0.0

2missing LTE BO,2dB NRBO vs AMPR 12.0 16.0 10.6 -33.0 -55.5 2.0 0.4 -1.1

2missing LTE BO,5dB NRBO vs AMPR 9.0 19.0 8.6 -33.3 -56.1 5.0 0.1 -1.8

2missing LTE BO,8dB NRBO vs AMPR 6.0 22.0 5.9 -34.5 -57.6 8.0 -1.1 -3.3

3extra LTE BO,-3dB NRBO vs AMPR 17.0 11.0 10.0 -35.0 -51.0 -3.0 -1.6 3.4

1equal BO ,3dB NRBO vs AMPR 17.0 17.0 14.0 -40.7 -60.5 3.0 -7.3 -6.2

relative to equal BO

LTE and NR waveform + gap

backoff scenario

LTEQPSK20MHZ1RB0

+ 20MHz gap 

+ NRDFTQPSK40MHZ1RB21515

LTEQPSK20MHZ1RB0

+ 20MHz gap 

+ NRDFTQPSK40MHZ2RB21415

LTEQPSK20MHZ3RB0

+ 20MHz gap 

+ NRDFTQPSK40MHZ3RB21315

LTEQPSK20MHZ6RB0

+ 20MHz gap + 

NRDFTQPSK40MHZ6RB21015

LTEQPSK20MHZ15RB0

+ 20MHz gap 

+ NRDFTQPSK40MHZ15RB20115

Absolute values


First, in all the cases with back-off IMD5 results can be ignored for -13dBm/MHz and -25dBm/MHz. and -30dBm/MHz is also met with exception of one case at maximum power, but with any further back-off, it is met.

Second, in all the cases with equal AMPR back-off IMD3 results meet the -13dBm/MHz and -25dBm/MHz but in some cases the -30dBm/MHz is not met.

These observations allow us to focus our attention to the IMD3 behavior relative to the equal back-off case in the last two columns.

Observation 3: 

· It can be seen that the worst cases for missing LTE BO needs a 2:1 compensation in most cases. Still some case show good results even with 1:1 compensation
· It can be seen that the worst cases for extra LTE BO needs a 0.5:1 compensation in most cases. Still some case show good results even with 1:1 compensation

· It can be seen that 3dB higher equal back-off improves IMD3 by more than 5dB, meeting -30dBm/MHz
2.7. Proposal for Back-off Compensation Scheme
Consistent back-off compensations results are obtained for multiple cases:
· DC_(n)71AA 1PA forward case, DC_(n)41AA and DC_41A_(n)41A 2PA reverse case

· IMD3 and IMD5 measurements for emissions in 1MHz

· Various RB allocations and channel bandwidth cases

Proposal 1: To account for LTE transmit power set above the equal-BO operating point, NR back-off should be increased by 2dB for every dB of missing LTE back-off

Proposal 2: To account for LTE power set below the equal-BO operating point, NR back-off can decrease by 0.5 dB for every dB of extra LTE back-off

To account for some of the under-compensation peaks seen in the Band 71 forward measurements around equal back-off, the following extra back-off is proposed:

Proposal 3: To account for the fact that the worst case IMD3 power level does not occur exactly at the equal-BO operating point, it is proposed to add an additional 1dB NR back-off over the range equal-BO-6dB to equal-BO+4dB.
2.8. MPR Proposal for non NS_04 Band 41 EN_DC 
Proposal 4: 

· -25dBm/MHz and -13dBm/MHz NS04 AMPR equations can be reused for -25dBm/MHz and -13dBm/MHz MPR for SEM cases and ACLR

· -25dBm/MHz NS04 AMPR equations can be reused for MPR -30dBm/MHz spurious emissions by adding 3dB of equal back-off

· Compensation schemes of proposal 1, 2,3 can be applied
3. Conclusion
This contribution studies the behavior of the IMD3 and 5 products for all the current Release 15 intra-band EN_DC cases and compares it with the equal back-off case to verify the proposed back-off compensation scheme. The consistent results obtained across a large cross-section of architectures, bands, RB and channel allocations allows us to make the following proposals
Proposal 1: To account for LTE transmit power set above the equal-BO operating point, NR back-off should be increased by 2dB for every dB of missing LTE back-off

Proposal 2: To account for LTE power set below the equal-BO operating point, NR back-off can decrease by 0.5 dB for every dB of extra LTE back-off

Proposal 3: To account for the fact that the worst case IMD3 power level does not occur exactly at the equal-BO operating point, it is proposed to add an additional 1dB NR back-off over the range equal-BO-6dB to equal-BO+4dB.
Additionally the Band 41 EN_DC extra equal back-off required to meet -30dBm/MHz emissions compared to the NS04 -25dBm/MHz was studied to confirm the below proposal:
Proposal 4: 

· -25dBm/MHz and -13dBm/MHz NS04 AMPR equations can be reused for -25dBm/MHz and -13dBm/MHz MPR for SEM cases and ACLR

· -25dBm/MHz NS04 AMPR equations can be reused for MPR -30dBm/MHz spurious emissions by adding 3dB of equal back-off

· Compensation schemes of proposal 1, 2,3 can be applied
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Annex A – additional DC_(n)71AA measurements
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Figure 1: IMD 3 / IMD 5 measurements for 1:1 dB back-off compensation vs test cases. Equal-BO operating point highlighted with vertical dashed line.

Annex B – Analysis of extra DC_(n)41AA measurements

In the following table the proposed compensation scheme is verified. The yellow highlight points at cases where the 1dB/1dB compensation of missing LTE back-off is not sufficient and 2dB/dB is verified to work. The orange highlight points at cases where the 1dB/1dB compensation of extra LTE back-off is not sufficient and 0.5dB/dB is verified to work. The green highlight points at measurements where equal back-off has been increased by 3dB compared to the -25dBm/MHz equal back-off and verified to provide the extra 5dB attenuation of IMD products to meet -30dBm/MHz.
It can be observed that all cases meet requirements with the proposed compensation schemes and the proposed -30dBm/MHz related MPR.
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Annex C – Analysis of extra DC_41A_n41A measurements

In the following table the proposed compensation scheme is verified. The yellow highlight points at cases where the 1dB/1dB compensation of missing LTE back-off is not sufficient and 2dB/dB is verified to work. The orange highlight points at cases where the 1dB/1dB compensation of extra LTE back-off is not sufficient and 0.5dB/dB is verified to work. The green highlight points at measurements where equal back-off has been increased by 3dB compared to the -25dBm/MHz equal back-off and verified to provide the extra 5dB attenuation of IMD products to meet -30dBm/MHz.
It can be observed that all cases meet requirements with the proposed compensation schemes and the proposed -30dBm/MHz related MPR.
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