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1. Introduction
In RAN4#88, we discussed the fact that for intra-band EN-DC there are allocations that can see reduced MPR in [1]. In this contribution we further discuss the fact that for Intra-band contiguous EN-DC, the stand alone LTE and NR MPR and A-MPR definitions do not apply and should not be used to calculate EN-DC maximum output power, only EN-DC MPR/A-MPR applies.
2. Discussion
2.1. Applicability of Stand Alone LTE and NR UL Requirements to Intra-band Contiguous EN-DC

2.1.1.  LTE Stand-alone MPR
LTE MPR mostly depends on allocation size and modulation order:

· For QPSK modulation, LTE MPR is essentially 0dB for small allocations and 1 dB for large allocations mainly in relation first to UTRA ACLR (allocations BW close to UTRA ACLR BW), then to E-UTRA ACLR for allocations close to the maximum.
· Extra MPR for 16 and 64QAM is mainly related to the increased PAPR of the waveform

· Finally MPR for 256QAM is solely related to the tight EVM requirement.

2.1.2.  NR Stand-alone MPR
For NR there are a few aspects that drive MPR for NR:
First, the choice of modulation:

· DFT-S-OFDM has lower PAPR but PAPR varies increases with higher modulation order.
· CP-OFDM has higher PAPR but it stays relatively constant across modulation order.

· This dictates the variation of the MPR versus modulation order for the QPSK and 16QAM cases. 

Second, the allocation type:

· Outer allocations are limited by ACLR and SEM until in band emissions and EVM drives MPR for 64 and 256QAM.

· Inner allocations are limited by IBE and EVM.

· For PC2, edge allocations are defined on top for which MPR is dictated by SEM.

Third, UTRA ACLR is defined as A-MPR as it only applies to bands and networks where UTRA is still deployed.
2.1.3.  Contiguous Intra-band EN-DC Case
For EN-DC a number of requirements departs from the stand-alone LTE and NR requirements and in some cases replaces it with specific EN-DC requirements:
· ACLR is defined based on aggregated LTE + NR bandwidth => E-UTRA and NR ACLR no longer apply
· SEM is defined based on aggregated LTE + NR bandwidth => E-UTRA and NR SEM no longer apply including specific regional masks that have a specific definition for EN-DC (Band 41 NS_04 and 71 NS_35)
· EVM and IBE are defined based on only one of the channel being allocated => related stand-alone MPR applies.
· UTRA ACLR does not apply => related LTE MPR and NR A-MPR does not apply
· Out of band spurious emissions apply in the same way (NS-04 especially) => if one of the carrier fails OOB emissions the EN-DC combination will do too => related stand-alone MPR/A-MPR applies.

The consequence of this is that the definition of small versus large allocation for LTE and inner versus outer allocation for NR does not apply anymore. For example, NR outer allocations that are on the channel edge on the side of the interface to the LTE channel dare no longer limited by SEM or ACLR and could be considered as inner allocations.

Observation 1: Due to ACLR and SEM based on aggregated bandwidth and UTRA ACLR not applying stand- alone LTE and NR MPR/A-MPR may not always apply to the intra-band EN-DC case. It could lead to the re-definition of inner and outer allocations within the aggregated contiguous LTE and NR UL bandwidth.
2.1.4.  Non-contiguous Intra-band EN-DC Case

In the case of non-contiguous intra-band EN-DC, there is no redefinition of ACLR and SEM, still there are cases where the gap is small enough that ACLR for one or both of the carrier does not apply in the gap or where SEM masks overlap and best case mask is used. Still, these cases are marginal and in most of the cases the stand-alone requirements hold per carrier.
Observation 2: For the generic non-contiguous intra-band EN-DC case, the stand-alone LTE and NR requirements hold per carrier, with only a few exceptions when the gap bandwidth is smaller than at least one of the two carriers.

2.2. DC_(n)71B Examples of Intra-band Contiguous EN-DC Low MPR Cases
In order to illustrate the fact that stand-alone LTE and NR UL requirements do not hold for intra-band contiguous EN-DC, we added EN-DC ACLR and SEM measurements of a few cases on top of the MSD measurements done for DC_(n)71AA. Table 1 summarizes the EN-DC ACLR and SEM results for a PA that is calibrated for 1dB MPR for 20MHz DFT-s-OFDM fully allocated waveform. 
Table 1: Measurements for worst case IMD3 and IMD5

	modulation/CH BW/RB allocation
	EN_DC ACLR
	EN_DC SEM
	comment

	LTE channel
	NR channel
	
	-13dBm /100kHz
	-25dBm /MHz
	-30dBm /MHz
	

	QPSK_5MHz_5RB20
	QPSK_DFT_15MHz_15RB0_15kHzSCS
	pass
	pass
	pass
	pass
	Best case RESENS DFT-s-OFDM  test cases do not need MPR/A-MPR

	QPSK_10MHz_10RB40
	QPSK_DFT_10MHz_10RB0_15kHzSCS
	pass
	pass
	pass
	pass
	

	QPSK_15MHz_15RB60
	QPSK_DFT_5MHz_5RB0_15kHzSCS
	pass
	pass
	pass
	pass
	

	QPSK_15MHz_15RB60
	QPSK_CP_5MHz_5RB0_15kHzSCS
	pass
	pass
	pass
	pass
	Some best case RESENS CP-OFDM test cases may need small MPR/A-MPR

	QPSK_10MHz_10RB40
	QPSK_CP_10MHz_10RB0_15kHzSCS
	pass
	pass
	pass
	pass
	

	QPSK_5MHz_5RB20
	QPSK_CP_15MHz_15RB0_15kHzSCS
	fail
	pass
	marginal
	marginal
	

	QPSK_10MHz_1RB49
	QPSK_DFT_10MHz_1RB0_15kHzSCS
	pass
	pass
	pass
	pass
	for 10MHz + 10MHz some allocations with LTE within the top 30 RB with  NR allocation within the 23 bottom RB do not need MPR/A-MPR

	QPSK_10MHz_1RB35
	QPSK_DFT_10MHz_1RB15_15kHzSCS
	pass
	pass
	pass
	pass
	

	QPSK_10MHz_1RB35
	QPSK_DFT_10MHz_10RB7_15kHzSCS
	pass
	pass
	pass
	pass
	

	QPSK_10MHz_10RB35
	QPSK_DFT_10MHz_10RB0_15kHzSCS
	pass
	pass
	pass
	pass
	

	QPSK_10MHz_10RB35
	QPSK_DFT_10MHz_1RB15_15kHzSCS
	pass
	pass
	pass
	pass
	

	QPSK_10MHz_25RB25
	QPSK_DFT_10MHz_25RB0_15kHzSCS
	pass
	pass
	pass
	pass
	

	QPSK_10MHz_1RB20
	QPSK_DFT_10MHz_10RB22_15kHzSCS
	marginal
	pass
	pass
	marginal
	

	QPSK_5MHz_10RB15
	QPSK_DFT_15MHz_60RB0_15kHzSCS
	fail
	pass
	pass
	pass
	Small and large allocations at external edges of LTE and NR fail ACLR
Small allocations at external edges of LTE and NR fail SEM due to high PSD of IMDs 

	QPSK_10MHz_1RB0
	QPSK_DFT_10MHz_1RB51_15kHzSCS
	fail
	fail
	pass
	fail
	

	QPSK_10MHz_10RB0
	QPSK_DFT_10MHz_10RB42_15kHzSCS
	fail
	fail
	marginal
	fail
	

	QPSK_10MHz_10RB0
	QPSK_CP_10MHz_10RB42_15kHzSCS
	fail
	fail
	marginal
	fail
	

	QPSK_5MHz_1RB24
	QPSK_DFT_15MHz_1RB50_15kHzSCS
	fail
	marginal
	fail
	fail
	

	QPSK_5MHz_10RB15
	QPSK_DFT_15MHz_10RB60_15kHzSCS
	fail
	fail
	fail
	fail
	

	QPSK_5MHz_5RB20
	QPSK_DFT_15MHz_5RB55_15kHzSCS
	fail
	fail
	fail
	fail
	

	QPSK_10MHz_10RB20
	QPSK_DFT_10MHz_10RB22_15kHzSCS
	fail
	fail
	fail
	fail
	

	QPSK_10MHz_1RB20
	QPSK_DFT_10MHz_1RB32_15kHzSCS
	fail
	fail
	fail
	fail
	

	QPSK_10MHz_10RB20
	QPSK_DFT_10MHz_1RB32_15kHzSCS
	fail
	fail
	fail
	fail
	


Observation 3: Many allocations that would require back-off based on stand-alone LTE and NR requirements do not require any back-off once intra-band contiguous EN-DC requirements apply. This is true for LTE and NR allocations confined within the center of the LTE an NR aggregated bandwidth. This especially true for the allocation corresponding to the best case MSD test points where DFT-s-OFDM QPSK modulation does not require back-off and CP-OFDM requires small back-off in some cases. It makes those allocations particularly suitable for cell edge performance.
In [2] the following observation was already made for EN-DC ACLR: 0dB back-off for contiguous allocations ≤ 20RB split proportionally between LTE and NR to their respective channel bandwidths (contiguous allocations for MSD). 
In that same contribution [2] the following graph in figure 1 showed many possibilities for 0dB MPR to meet EN-DC SEM.
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Figure 1: Required back-off vs RB allocation ratio to meet SEM

2.3. DC_(n)41AA Examples of Intra-band Contiguous EN-DC Low MPR Cases

In [3] Band 41 intra-band contiguous EN-DC cases with 0dB back-off were also observed for SEM as shown in figure 2.
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Figure 2: Back-off for SEM vs SCS scaled RB ratio

Also in [3] Band 41 intra-band contiguous EN-DC cases with 0dB back-off were also observed for ACLR, they are summarized in Table 2.

Table 2: band 41 contiguous intra-band EN-DC cases with 0db back-off

[image: image3.emf]FW signal REV signal 0 3 6 9 12

BO

L20_100RB0_D4 N20_15_50RB56_C4 24.3 11.3 26.032.6 40.540.238.438.2 0.0

N20_15_50RB56_C4 L20_100RB0_D4 21.3 14.3 26.132.6 38.138.237.839.2 0.0

L20_1RB0_D4 N20_15_15RB91_C4 14.0 15.4 26.138.1 46.150.548.946.1 0.0

N20_15_6RB100_C4 L20_1RB0_D4 25.4 4.0 26.034.7 40.346.049.452.2 0.0

L20_1RB0_D4 N20_15_1RB0_C4_2828 23.0 13.0 26.038.2 45.744.755.453.8 0.0

N20_15_1RB0_C4_2828 L20_1RB0_D4 23.0 13.0 26.048.2 52.650.654.253.2 0.0

FW signal REV signal 0 1 2 4 6 9 12

BO

L20_100RB0_D4 N60_30_15RB147_C4 24.9 9.6 26.031.635.138.441.341.240.139.1 0.0

N60_30_15RB147_C4 L20_100RB0_D4 19.6 14.9 26.035.937.939.640.641.443.144.4 0.0

L20_1RB0_D4 N60_30_1RB161_C4 21.2 14.2 26.041.445.547.143.251.452.449.7 0.0

N60_30_1RB161_C4 L20_1RB0_D4 24.2 11.2 26.032.935.536.643.048.052.051.2 0.0

L20_1RB0_D4 N60_30_1RB161_D4 21.2 14.2 26.040.444.346.642.952.152.449.7 0.0

N60_30_1RB161_D4 L20_1RB0_D4 24.2 11.2 26.034.937.941.047.249.052.651.7 0.0

L20_1RB0_D4 N60_30_6RB156_C4 14.9 15.6 26.049.150.851.351.149.646.843.9 0.0

N60_30_6RB156_C4 L20_1RB0_D4 25.6 4.9 26.036.738.139.743.245.248.650.2 0.0

L20_50RB0_D4 N60_30_15RB147_C4 24.0 11.7 26.033.836.739.441.641.740.740.9 0.0

N60_30_15RB147_C4 L20_50RB0_D4 21.7 14.0 26.032.535.037.240.240.941.943.6 0.0

L20_50RB25_D4 N60_30_80RB41_C4 19.8 14.8 26.042.243.044.145.447.549.547.4 0.0

N60_30_80RB41_C4 L20_50RB25_D4 24.8 9.8 26.031.433.535.539.241.543.344.6 0.0
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2.4. Implications for Intra-band Contiguous EN-DC A-MPR Calculations 
As explained above and at least for NR DFT-s-OFDM QPSK and LTE QPSK, stand-alone MPR does not always apply and A-MPR should be specified as total back-off and MPR ignored.
Observation 4: For intra-band contiguous EN-DC maximum power calculations, stand-alone LTE and NR MPR is irrelevant for some cases and thus EN-DC A-MPR should be specified as total back-off.

2.5. Implications for Band 41 29dBm Power Class for Intra-band Contiguous EN-DC
As discussed in [1] and this contribution, the 29dBm power class for EN-DC in Band 41 only makes sense for allocations that do not require any back-off for PC2. Again, this means that stand-alone LTE and NR MPR should be ignored and total back-off used for EN-DC A-MPR, with exception of stand-alone LTE and NR A-MPR related to NS-04 out of band emissions.
Observation 5: For intra-band contiguous EN-DC, Band 41 29dBm power class can only apply to allocations where stand-alone LTE and NR MPR can be ignored and PC2 EN-DC back-off is 0dB.
3. Conclusion
This contribution discusses the applicability of stand-alone LTE and NR MPR in the context of intra-band contiguous EN-DC, it shows that in many cases this MPR does not apply and A-MPR should cover the total back-off. This is illustrated by a few measurements which show that there exist allocation that do not require any back-off which is important for cell edge performance and finding possibilities for Band 41 29dBm cases for EN-DC. This study allowed the following observations:
Observation 1: Due to ACLR and SEM based on aggregated bandwidth and UTRA ACLR not applying stand-alone LTE and NR MPR/A-MPR may not always apply to the intra-band EN-DC case. It could lead to the re-definition of inner and outer allocations within the aggregated contiguous LTE and NR UL bandwidth.

Observation 2: For the generic non-contiguous intra-band EN-DC case, the stand-alone LTE and NR requirements hold per carrier with only a few exceptions when the gap bandwidth is smaller than at least one of the two carriers.

Observation 3: Many allocations that would require back-off based on stand-alone LTE and NR requirements do not require any back-off once intra-band contiguous EN-DC requirements apply. This is true for LTE and NR allocations confined within the center of the LTE an NR aggregated bandwidth. This especially true for the allocation corresponding to the best case MSD test points where DFT-s-OFDM QPSK modulation does not require back-off and CP-OFDM requires small back-off in some cases. It makes those allocations particularly suitable for cell edge performance.

Observation 4: For intra-band contiguous EN-DC maximum power calculations, stand-alone LTE and NR MPR is irrelevant for some cases and thus EN-DC A-MPR should always be specified as total back-off.

Observation 5: For intra-band contiguous EN-DC, Band 41 29dBm power class can only apply to allocations where stand-alone LTE and NR MPR can be ignored and PC2 EN-DC back-off is 0dB.
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