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1. Introduction
In RAN4#90, a focused effort to finalize and verify NS04 intra-band contiguous and non-contiguous Band 41 ENDC was done with a number of contributions [5, 6, 7] which resulted in a number of CRs to consolidate NS04 requirements and also enabled to add MPR requirements for NS01. In this contribution, we explore the full LTE and NR power range for two PA implementation for intra-band contiguous and non-contiguous ENDC, for PC2 and PC3, covering NS01 and NS04, to further consolidate baseline MPR/AMPR and provide data towards optimized MPR/AMPR in Release 16.
2. Discussion
2.1. Two PA Architecture Back-off Evaluation Across a wide range of LPE and NR Carrier Power
In RAN4#90 last meeting, two PA architecture NS04 emissions measurements were provided for B41 for both contiguous and non-contiguous ENDC. At that time the measurement focused on verifying that the agreed total AMPR approach for power sharing was meeting emissions for all sets of LTE and NR carrier powers. The data was also used to derive MPR values for NS01 cases by extrapolating from NS04 values.
In this contribution, we have done further measurements with doing power sweeps of NR carrier for set of LTE carrier power. This allows to more precisely assess MPR for other emission levels than NS04 and also enables to explore optimized power sharing schemes or improved back-off for allocations that result from higher intermodulation order.
Measurements were performed on a power amplifier supporting both PC2 and PC3 thus results are available for both power classes. PA operating calibration points for PC2 and PC3 used agreed 3GPP assumptions for 1dB MPR waveform (QPSK 100RB0 DFTsOFDM) at -31 dBc or -30 dBc for PC2 and PC3 ACLR respectively. To check for the worst case, CP-OFDM is used systematically on the NR side.
Measured cases:

· 2 0MHz LTE and 4 0MHz 15 kHz SCS NR contiguous ENDC

· QPSK_20MHZ_1RB_0/CP_4_40MHZ_1RB_215_15/B=0.36

· QPSK_20MHZ_2RB_0/CP_4_40MHZ_1RB_215_15/B=0.54

· QPSK_20MHZ_2RB_0/CP_4_40MHZ_2RB_214_15/B=0.72

· QPSK_20MHZ_3RB_0/CP_4_40MHZ_3RB_212_15/B=1.08

· QPSK_20MHZ_2RB_0/CP_4_40MHZ_4RB_210_15/B=1.08

· QPSK_20MHZ_6RB_0/CP_4_40MHZ_6RB_207_15/B=2.16

· QPSK_20MHZ_8RB_0/CP_4_40MHZ_4RB_210_15/B=2.16
· QPSK_20MHZ_1RB_0/CP_4_40MHZ_20RB_186_15/B=3.78
· QPSK_20MHZ_20RB_0/CP_4_40MHZ_20RB_186_15/B=7.2
· QPSK_20MHZ_1RB_99/CP_4_40MHZ_108RB_108_15/B=19.62

· QPSK_20MHZ_50RB_0/CP_4_40MHZ_108RB_108_15/B=28.44

· QPSK_20MHZ_100RB_0/CP_4_40MHZ_216RB_0_15/B=56.88

· 20 MHz LTE and 40 MHz 15 kHz SCS NR non-contiguous ENDC with 20 MHz gap (wide range of total allocation with additional allocations for in gap ACLR)
· QPSK_20MHZ_1RB_0/NonCont20MHzgap/CP_4_40MHZ_1RB_215_15/B=0.36

· QPSK_20MHZ_2RB_0/ NonCont20MHzgap /CP_4_40MHZ_1RB_215_15/B=0.54

· QPSK_20MHZ_2RB_0/ NonCont20MHzgap /CP_4_40MHZ_2RB_214_15/B=0.72

· QPSK_20MHZ_3RB_0/ NonCont20MHzgap /CP_4_40MHZ_3RB_212_15/B=1.08

· QPSK_20MHZ_2RB_0/ NonCont20MHzgap /CP_4_40MHZ_4RB_210_15/B=1.08




· QPSK_20MHZ_6RB_0/ NonCont20MHzgap /CP_4_40MHZ_6RB_207_15/B=2.16



· QPSK_20MHZ_8RB_0/ NonCont20MHzgap /CP_4_40MHZ_4RB_210_15/B=2.16


· QPSK_20MHZ_1RB_0/ NonCont20MHzgap /CP_4_40MHZ_20RB_186_15/B=3.78

· QPSK_20MHZ_20RB_0/ NonCont20MHzgap /CP_4_40MHZ_20RB_186_15/B=7.2



· QPSK_20MHZ_1RB_99/ NonCont20MHzgap /CP_4_40MHZ_108RB_108_15/B=19.62



· QPSK_20MHZ_50RB_0/ NonCont20MHzgap /CP_4_40MHZ_108RB_108_15/B=28.44


· QPSK_20MHZ_100RB_0/ NonCont20MHzgap /CP_4_40MHZ_108RB_0_15/B=37.44

· QPSK_20MHZ_100RB_0/ NonCont20MHzgap /CP_4_40MHZ_216RB_0_15/B=56.88

· 20 MHz LTE and 40 MHz 15 kHz SCS NR non-contiguous ENDC with 40 MHz gap (additional allocations for in gap ACLR)

· QPSK_20MHZ_20RB_0/CP_4_40MHZ_20RB_186_15/B=7.2

· QPSK_20MHZ_1RB_99/CP_4_40MHZ_108RB_108_15/B=19.62

· QPSK_20MHZ_50RB_0/CP_4_40MHZ_108RB_108_15/B=28.44

· QPSK_20MHZ_100RB_0/CP_4_40MHZ_216RB_0_15/B=56.88











Table 1 show an example of LTE and NR carrier power sweep for power class 2, in order to save test time, the sweep of NR power was adapted for each LTE power level to try to cover a minimum range. For power class 3, both LTE and NR sweep is shifted by 3 dB.
Table 1: Set of measured NR power for a given LTE power

	P_LTE [dBm]
	P_NR sweep [dBm]

	25.9
	 
	 
	 
	 
	 
	10.8
	8.3
	5.8
	 

	24.5
	 
	 
	19.4
	17
	14.4
	11.9
	9.4
	6.9
	 

	23.1
	23
	20.6
	18.1
	15.6
	13.1
	10.5
	8.1
	5.6
	 

	20.8
	23.2
	20.8
	18.3
	15.8
	13.3
	10.8
	8.3
	5.8
	 

	18.5
	23.4
	21
	18.5
	16
	13.5
	11
	8.5
	6
	 

	16.2
	23.6
	21.2
	18.7
	16.2
	13.7
	11.2
	8.7
	6.2
	 

	13.8
	21.4
	18.9
	16.4
	13.9
	11.4
	8.9
	6.4
	3.9
	1.4

	12.4
	25
	22.5
	20
	17.5
	15
	12.5
	9.9
	 
	 

	11
	25.8
	23.6
	21.1
	18.6
	16.1
	13.6
	11
	 
	 

	9.8
	24.8
	22.3
	19.8
	17.3
	14.8
	12.3
	 
	 
	 

	8.4
	25.8
	23.5
	21
	18.5
	16
	13.5
	 
	 
	 

	7.2
	24.7
	22.2
	19.7
	17.2
	14.7
	12.1
	 
	 
	 

	5.8
	25.8
	23.4
	20.9
	18.4
	15.9
	13.4
	 
	 
	 


Unfortunately, depending on the emission levels to be reached and scenario, NR power sweep is sometimes too limited in range either in the low or higher part. In those cases the NR power is denoted:

· >X : Means there was still margin at the maximum of the power sweep

· <X : Means the emission level was too high at the minimum of the power sweep
· Also granularity of LTE power for the higher levels could be improved.

Parameters measured:

· ENDC ACLR

· Lower and higher frequency peaks of 3rd and 5th order inter-modulations
· Corners frequencies of SEM masks steps
Measurements were then post processed to check for different limits:

· Respective PC2 and PC3 ACLR levels

· NS04 -13 dBm/MHz and -25 dBm/MHz limits

· NS01 MPR -13 dBm/MHz and -30 dBm/MHz limits

Based on these measurements a worst case and best case level is assessed:

· NS01 contiguous ENDC:
· Worst case: lowest limit based on ACLR, IMD3 at -13 dBm/MHz or IMD5 at -30 dBm/MHz for worst case allocations at largest possible distance

· Best case: lowest limit based on ACLR, IMD5 at -13 dBm/MHz for allocations centered in the aggregated bandwidth where IMD3 falls in channel and IMD5 falls in -13 dBm/MHz region

· NS01 non-contiguous ENDC:

· Worst case: lowest limit based on ACLR, IMD3 at -30 dBm/MHz for worst case allocations at largest distance that fall within filter BW and -30 dBm/MHz region of SEM mask 

· Best case: lowest limit based on ACLR, IMD5 at -30 dBm/MHz for allocations where IMD5 falls in -30 dBm/MHz region

· NS04 contiguous ENDC:

· Worst case: lowest limit based on ACLR, IMD3 at -13 dBm/MHz OOB region or IMD3 at -25 dBm/MHz OOB region.

· Best case: lowest limit based on ACLR, IMD5 at -13 dBm/MHz OOB region or IMD5 at -25 dBm/MHz OOB or SEM region.

· NS01 non-contiguous ENDC:

· Worst case: lowest limit based on ACLR, IMD3 for worst case allocations at largest distance where it  fall within filter BW and -25 dBm/MHz OOB or SEM region
· Best case: lowest limit based on ACLR, IMD5 for allocations where it falls in -25 dBm/MHz OOB or SEM region

The complete data set has >80,000 test points, at the time of upload deadline, only a few cases were analyzed and data will be further used for contributions in further meetings, especially in the scope of Release 16 studies to improve AMPR and generate all MPR intra-band cases (1PA/2PA, best/worst allocations). Still a few cases are shown in following chapter that provides input to PSD check, power sharing regime and type of allocations.
2.2. Contiguous Intra-band ENDC Cases

In the following tables, a few examples are shown. Each table gives best case and worst case NR power versus LTE power and which limitation applies: 

· Psh=Power Sharing from PCmax
· Lower or higher 3rd order product (I3L, I3H)

· Lower or higher 5th order product (I5L, I5H)
· ACLR: ENDC ACLR
2.2.1. Small Allocations
Table 2: Maximum NR power versus LTE power for Intra-band contiguous case, PC2, 1RB+1RB, worst and best allocations for NS01 and NS04
[image: image1.emf]P_LTEcase NS01MPR type NS04-13NS04-25type

WC 12.5 Psh 12.5 <5.5 I3L

BC 12.5 Psh 12.5 12.5 Psh

WC 18.7 I5L 17 5.5 I3L

BC 20.4 Psh 20.4 >19.1 I5L

WC 20.8 I5H 21.2 11.6 I3L

BC 22.9 Psh 22.9 22.1 I5H

WC 22 I5H 21.3 19.2 I3H

BC 24.4 Psh 24.4 23 I5H

WC 24 I5H 21.8 19.4 I3H

BC 25.1 Psh 25.1 23.3 I5H

WC 25 I5H 21.9 19.7 I3H

BC 25.5 Psh 25.5 25.5 Psh

WC 25.7 Psh 23 19.9 I3H

BC 25.7 Psh 25.7 25.7 Psh

WC 25.8 Psh 23.5 20.2 I3H

BC 25.8 Psh 25.8 25.8 Psh

WC 25.9 Psh 24.7 20.8 I3H

BC 25.9 Psh 25.9 25.9 Psh

WC 25.9 Psh 24.8 20.9 I3H

BC 25.9 Psh 25.9 25.9 Psh

WC 25.9 Psh 25.1 21.5 I3H

BC 25.9 Psh 25.9 25.9 Psh

WC 25.9 Psh 25.5 21.1 I3H

BC 25.9 Psh 25.9 25.9 Psh

WC 26 Psh 26 22.9 I3H

BC 26 Psh 26 26 Psh

25.8

24.6

23.1

20.8

18.5

16.2

14

12.5

10.7

9.8

8.5

7.1

6

QPSK_20MHZ_1RB_0/Cont/CP_4_40MHZ_1RB_215_15/B=0.36


Observations for PC2: 

· NS01 MPR case has significantly less back-off than worst case NS04:

· Worst case is limited by IMD5 @ -30 dBm/MHz
· Best case is limited by IMD5 @ -13 dBm/MHz

· Below 14 dBm LTE power, NR power is only limited by power sharing of PCmax and not PCmax-AMPRtot

· NS04 -13 dBm AMPR case has a similar behavior:

· Worst case is limited by IMD3 @ -13 dBm/MHz and for low LTE power can reach close to the PCmax power sharing level
· Best case is limited by IMD5 @ -13 dBm/MHz and below 14 dBm LTE power, NR power is only limited by power sharing of PCmax and not PCmax-AMPRtot
· NS04 -25 dBm AMPR case has a similar behavior:

· Worst case is limited by IMD3 @ -25 dBm/MHz and NR see power limitation even at low LTE power levels

· Best case is limited by IMD5 @ -25 dBm/MHz and below 14 dBm LTE power, NR power is only limited by power sharing of PCmax and not PCmax-AMPRtot

· In all cases, the difference between LTE and NR power (and thus the same for PSD) can be >6 dB without causing any issue with out of band emission level

· For low LTE power, NR MPR should apply
Table 3: Maximum NR power versus LTE power for Intra-band contiguous case, PC3, 1RB+1RB, worst and best allocations for NS01 and NS04
[image: image2.emf]PLTE case MPR type NS04-13NS04-25type

WC 9.5 Psh 8.2 <2.5 I3L

BC 9.5 Psh 9.5 9.5 Psh

WC 16.7 I5L 16.3 5.4 I3L

BC 17.4 Psh 17.4 17.4 Psh

WC 18.5 I5H 18.5 11.8 I3L

BC 19.9 Psh 19.9 19.9 Psh

WC 20.3 I5H 19 16.4 I3H

BC 21.4 Psh 21.4 21.4 Psh

WC 21 I5H 19.7 17.2 I3H

BC 22.1 Psh 22.1 22.1 Psh

WC 22.5 Psh 20.6 17.5 I3H

BC 22.5 Psh 22.5 22.5 Psh

WC 22.7 Psh 21.3 18.1 I3H

BC 22.7 Psh 22.7 22.7 Psh

WC 22.8 Psh 22 18.4 I3H

BC 22.8 Psh 22.8 22.8 Psh

WC 22.9 Psh 23 18.8 I3H

BC 22.9 Psh 22.9 22.9 Psh

WC 22.9 Psh 22.3 19 I3H

BC 22.9 Psh 22.9 22.9 Psh

WC 22.9 Psh 22.9 19.5 I3H

BC 22.9 Psh 22.9 22.9 Psh

WC 22.9 Psh 22.9 20 I3H

BC 22.9 Psh 22.9 22.9 Psh

WC 23 Psh 23 20 I3H

BC 23 Psh 23 23 Psh

3

6.8

5.2

4.2

11

9.5

8

17.9

15.6

13.2

QPSK_20MHZ_1RB_0/Cont/CP_4_40MHZ_1RB_215_15/B=0.36

22.8

21.6

20.1


Observations for PC3: As expected PC3 shows very similar behavior than PC2 case. Relatively to PC2, emission levels are easier to meet (3 dB lower total power), so NR power can reach the PCmax power sharing level earlier. Note that this is only valid for 2xPC3 PAs with PC3 ENDC power class.
2.2.2. Full + Full Allocation

Table 4: Maximum NR power versus LTE power for Intra-band contiguous case, PC3, 100RB+216RB, worst and best allocations for NS01 and NS04

[image: image3.emf]P_LTE case NS01MPR type NS04-13NS04-25type

WC <6 AEN <6 <6 AEN

BC <6 AEN <6 <6 AEN

WC 20.7 Psh 20.5 19.7 I3L

BC 20.7 Psh 20.7 20.7 Psh

WC 21.8 I5H 22.9 20.7 I3H

BC 22.9 Psh 22.9 22.9 Psh

WC 22 I5H 24 21 I3H

BC 24.5 Psh 24.5 23.5 I5H

WC 22.2 I5H 23.6 21.2 I3H

BC 23.6 AEN 23.6 23.6 AEN

WC 22.4 I5H 23.3 21.2 I3H

BC 23.3 AEN 23.3 23.3 AEN

WC 22.5 I5H 23 21.1 I3H

BC 23 AEN 23 23 AEN

WC 23 AEN 23 21 I3H

BC 23 AEN 23 23 AEN

WC 23 AEN 23 21.2 I3H

BC 23 AEN 23 23 AEN

WC 23 AEN 23 20.9 I3H

BC 23 AEN 23 23 AEN

WC 23 AEN 23 20.9 I3H

BC 23 AEN 23 23 AEN

WC 23 AEN 23 20.8 I3H

BC 23 AEN 23 23 AEN

WC 23 AEN 23 21.3 I3H

BC 23 AEN 23 23 AEN

25.8

24.5

23.1

20.7

18.5

16.1

13.9

12.5

11

9.8

8.5

7.2

6

QPSK_20MHZ_100RB_0/Cont/CP_4_40MHZ_216RB_0_15/B=56.88


Observations for PC2: 
· At 25.8 dBm LTE power, ENDC ACLR is failed due to LTE carrier alone, if LTE MPR is applied it should not happen

· NS01 MPR case has less back-off than worst case NS04:

· Worst case is limited by IMD5 @ -30 dBm/MHz or ACLR
· Best case is limited by PCmax power sharing or ACLR
· Below 12 dBm LTE power, NR power is only limited ENDC ACLR, applying 3 dB CP-OFDM MPR would work, most probably using DFTsOFDM a lower MPR would work
· NS04 -13 dBm AMPR case has the same behavior than NS01 where below 12 dBm LTE power, NR power is only limited ENDC ACLR
· NS04 -25 dBm AMPR case has a similar behavior:

· Worst case is limited by IMD3 @ -25 dBm/MHz and NR see power limitation even at low LTE power levels

· Best case is limited by by PCmax power sharing or ACLR 
· In all cases, the difference between LTE and NR power (and thus the same for PSD) can be >6 dB without causing any issue with out of band emission level
· PC3 measurements show the same behavior.
2.3. Non-Contiguous Intra-band ENDC Cases

In the following tables, a few examples are shown. Each table gives best case and worst case NR power versus LTE power and which limitation applies: 

· Psh=Power Sharing from PCmax

· Lower or higher 3rd order product (I3L, I3H)

· Lower or higher 5th order product (I5L, I5H)
· ACLR: LTE, NR or in gap ACLR
2.3.1. Small Allocation

Table 5: Maximum NR power versus LTE power for Intra-band contiguous case, PC2, 1RB+1RB (20MHz gap), worst and best allocations for NS01 and NS04
[image: image4.emf]PLTE case MPR type NS04-13NS04-25type

WC <5.5 I3L 11.8 <5.5 I3L

BC 12.5 Psh 12.5 12.5 Psh

WC <4 I3L 18 4 I3L

BC 19.2 I5L 20.4 >19.1 I5L

WC 7 I3L 21 12.2 I3L

BC 20.7 I5H 23.4 22.3 I5H

WC 16.5 I3H 21.6 18.8 I3H

BC 22.2 I5H 24.4 24 I5H

WC 18.2 I3H 22.3 19.4 I3H

BC 24.1 I5H 25.1 25.1 Psh

WC 18.6 I3H 22.8 19.7 I3H

BC 25.5 Psh 25.5 25.5 Psh

WC 19.4 I3H 22 20.3 I3H

BC 25.7 Psh 25.7 25.7 Psh

WC 19.7 I3H 24 20.7 I3H

BC 25.8 Psh 25.8 25.8 Psh

WC 19.8 I3H 24.2 21 I3H

BC 25.9 Psh 25.9 25.9 Psh

WC 20.3 I3H 25.1 21.2 I3H

BC 25.9 Psh 25.9 25.9 Psh

WC 20.5 I3H 25.8 21.6 I3H

BC 25.9 Psh 25.9 25.9 Psh

WC 20.7 I3H 25.8 21.7 I3H

BC 25.9 Psh 25.9 25.9 Psh

WC 21.3 I3H 25.8 22.2 I3H

BC 26 Psh 26 26 Psh

25.8

24.6

22.5

20.8

18.5

14

12.5

11.2

9.8

8.5

7.1

5.9

16.2

QPSK_20MHZ_1RB_0/NCont20Mgap/CP_4_40MHZ_1RB_215_15/B=0.36


Observations for PC2: 

· NS01 MPR case has worse back-off than -25 dBm/MHz NS04 -25 dBm/MHz case:

· Worst case is limited by IMD3 @ -30 dBm/MHz down to very low LTE power
· Best case is limited by IMD5 @ -30 dBm/MHz and can reach PCmax power sharing level below 14 dBm LTE power
· NS04 -13 dBm AMPR case has a similar behavior:

· Worst case is limited by IMD3 @ -13 dBm/MHz and for LTE power below 10 dBm, can reach close to the PCmax power sharing level

· Best case is limited by IMD5 @ -13 dBm/MHz and below 14dBm LTE power, NR power is only limited by power sharing of PCmax and not PCmax-AMPRtot

· NS04 -25 dBm AMPR case has a similar behavior:

· Worst case is limited by IMD3 @ -25 dBm/MHz and NR see power limitation even at low LTE power levels

· Best case is limited by IMD5 @ -25 dBm/MHz and below 14 dBm LTE power, NR power is only limited by power sharing of PCmax and not PCmax-AMPRtot

· In all cases, the difference between LTE and NR power (and thus the same for PSD) can be >6 dB without causing any issue with out of band emission level

· For low LTE power, NR MPR should apply

Table 6: Maximum NR power versus LTE power for Intra-band contiguous case, PC3, 2RB+1RB (20MHz gap), worst and best allocations for NS01 and NS04
[image: image5.emf]PLTE case MPR type NS04-13NS04-25type

WC <2.6 I3L 12 0.8 I3L

BC >7.5 I5L >7.5 >7.5 I5L

WC 0.5 I3L 16 5.5 I3L

BC 17.8 I5L 18.5 18.5 Psh

WC 7.1 I3L 18.4 13 I3L

BC 18.3 I5H 19.7 20 I5H

WC 15 I3H 19.3 16.2 I3H

BC 20.2 I5H 21.6 20.1 I5H

WC 15.8 I3H 19.6 17.1 I3H

BC 19.9 I5H 22.3 19.9 I5H

WC 16.3 I3H 20.5 17.4 I3H

BC 22.6 Psh 22.6 22.6 Psh

WC 17 I3H 20 18 I3H

BC 22.7 Psh 22.7 22.7 Psh

WC 17.2 I3H 21.8 18.3 I3H

BC 22.8 Psh 22.8 22.8 Psh

WC 17.5 I3H 22.9 18.7 I3H

BC 22.9 Psh 22.9 22.9 Psh

WC 17.8 I3H 22.9 18.9 I3H

BC 22.9 Psh 22.9 22.9 Psh

WC 18.3 I3H 22.9 19.4 I3H

BC 22.9 Psh 22.9 22.9 Psh

WC 18.4 I3H 22.9 19.6 I3H

BC 22.9 Psh 22.9 22.9 Psh

WC 18.7 I3H 23 19.8 I3H

BC 23 Psh 23 23 Psh

2.4

9

7.5

6.3

5

3.8

19.6

17.3

15

12.7

10.5

22.4

21.1

QPSK_20MHZ_2RB_0/NCont20Mgap/CP_4_40MHZ_1RB_215_15/B=0.54


Observations for PC3: As expected PC3 shows very similar behavior than PC2 case even with 3Rb total instead of 2RB total. Relatively to PC2, emission levels are easier to meet (3 dB lower total power), so NR power can reach the PCmax power sharing level earlier. Note that this is only valid for 2xPC3 PAs with PC3 ENDC power class.
2.3.2. Full + Full Allocation

Table 7: Maximum NR power versus LTE power for Intra-band contiguous case, PC3, 100RB+216RB (20MHz), worst and best allocations for NS01 and NS04
[image: image6.emf]PLTE case MPR type NS04-13NS04-25type

WC 9.6 I3L 5 10.8 I3L

BC >11.3 I5L >11.3 >11.3 I5L

WC 16.4 I3L 20 20.7 Psh

BC 20.7 Psh 20.7 20.7 Psh

WC 20.2 m30L 22.6 21.8 I3H

BC 22.6 AN 22.6 22.6 AN

WC 20.7 I3H 22.5 22.3 I3H

BC 22.5 AN 22.5 22.5 AN

WC 21 I3H 22.4 22.4 AN

BC 22.4 AN 22.4 22.4 AN

WC 21.1 I3H 22.4 22.4 AN

BC 22.4 AN 22.4 22.4 AN

WC 21.1 I3H 22.4 22.4 AN

BC 22.4 AN 22.4 22.4 AN

WC 21.2 I3H 22.5 22.5 AN

BC 22.5 AN 22.5 22.5 AN

WC 21.2 I3H 22.4 22.4 AN

BC 22.4 AN 22.4 22.4 AN

WC 21.3 I3H 22.4 22.4 AN

BC 22.4 AN 22.4 22.4 AN

WC 21.4 I3H 22.4 22.4 AN

BC 22.4 AN 22.4 22.4 AN

WC 21.3 I3H 22.6 22.6 AN

BC 22.6 AN 22.6 22.6 AN

WC 21.5 I3H 22.5 22.5 AN

BC 22.5 AN 22.5 22.5 AN

8.5

7.2

5.9

16.2

13.8

12.5

11

9.8

25.8

24.5

23.1

20.8

18.5

QPSK_20MHZ_100RB_0/NCont20Mgap/CP_4_40MHZ_216RB_0_15/B=56.88


Observations for PC2: 
· At 25.8 dBm LTE power, LTE ACLR is failed due to LTE carrier alone, if LTE MPR is applied it should not happen
· In this case only LTE ACLR applies in the gap
· NS01 MPR case:

· Worst case is limited by IMD3 @ -30 dBm/MHz but can reach close to PCmax power sharing level
· Best case is limited by IMD5 @ -30 dBm/MHz or NR ACLR
· NS04 -13 dBm and -25 dBm AMPR case have very similar behavior: 
· Worst case is limited by IMD3 for LTE power level above 20 dBm and NR ACLR below
· Best case is limited by PCmax power sharing for LTE power level above 20 dBm and NR ACLR below 
· In all cases, the difference between LTE and NR power (and thus the same for PSD) can be >6 dB without causing any issue with out of band emission level

· PC3 measurements show the same behavior.
Table 8: Maximum NR power versus LTE power for Intra-band contiguous case, PC3, 100RB+216RB (40MHz), worst and best allocations for NS01 and NS04
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WC 17.2 I3L 20 21.2 I3L

BC 20.7 Psh 20.7 20.7 Psh

WC 20.8 I3L 22 22 AG

BC 22 AG 22 22 AG

WC 21.2 I3H 22 22 AG

BC 22 AG 22 22 AG

WC 21.2 I3H 22 22 AG

BC 22 AG 22 22 AG

WC 22 AG 22 22 AG

BC 22 AG 22 22 AG

WC 22 AG 22 22 AG

BC 22 AG 22 22 AG

WC 22 AG 22 22 AG

BC 22 AG 22 22 AG

WC 22 AG 22 22 AG

BC 22 AG 22 22 AG

WC 21.8 AG 21.8 21.8 AG

BC 21.8 AG 21.8 21.8 AG

WC 22 AG 22 22 AG

BC 22 AG 22 22 AG

WC 21.8 AG 21.8 21.8 AG

BC 21.8 AG 21.8 21.8 AG

WC 22 AG 22 22 AG

BC 22 AG 22 22 AG
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Observations for PC2: 
· At 25.8 dBm LTE power, LTE ACLR is failed due to LTE carrier alone, if LTE MPR is applied it should not happen
· In this case both LTE and NR ACLR applies in the gap
· NS01 MPR case:

· Worst case is limited by IMD3 @ -30 dBm/MHz but can reach close to PCmax power sharing level

· Best case is limited by IMD5 @ -30 dBm/MHz or in gap NR ACLR
· NS04 -13 dBm and -25 dBm AMPR case have very similar behavior: 
· Worst case is limited by IMD3 for LTE power level above 20 dBm and in gap NR ACLR below

· Best case is limited by PCmax power sharing for LTE power level above 20 dBm and NR ACLR below 
· In all cases, the difference between LTE and NR power (and thus the same for PSD) can be >6 dB without causing any issue with out of band emission level
· PC3 measurements show the same behavior
2.4. Generic Observations

Although all the data could not be fully analyzed and some NR power sweeps showed some limitations, we can draw some preliminary conclusions from the few examples above but also consolidated by some further analyzed date. These aim at deriving better MPR/AMPR requirements for Release 16 but also may allow to finalize some of the Release 15 aspects (like MPR) where values were extrapolated from NS04 verification of AMPR power sharing rules without actually searching for the maximum achievable NR power.
The following observations are generic to contiguous and non-contiguous cases, PC2 and PC3 ENDC implemented with 1 LTE and one NR power amplifier of the same power class.

Generic observations:

· From an out of band emissions point of view, PSD check seems unnecessary or its threshold could be increased
· Current AMPR power sharing based on PCmax-AMPRtotal is constraining too much the achievable NR power versus LTE power:

· For low LTE power, NR can reach close to the PCmax power sharing level

· For high LTE power, NR power does not need to drop as drastically and NR link be maintained

· LTE back-off compensation scheme with 2 dB drop NR power per dB of LTE power above equal back-off and 0.5 dB increase of NR power per dB of LTE power below equal back-off, would allow to benefit from this
· When comparing worst case allocations with lower IMD order issues compared to best case allocations, back-off can often be reduced to the level needed for MPR or PCmax related power sharing
· NR MPR should be applied to solve ACLR cases when LTE carrier is at low powers

Theses observation have led to propositions made in [2] for Release 16 improvement study
3. Conclusions

In this contribution we have given preliminary results from intra-band ENDC 2 PA architecture measurements with a large LTE and NR power sweep covering PC2 and PC3, contiguous and non-contiguous case, and worst/best case allocations. The allowed us to formulate following observations that are generic for intra-band ENDC MPR/AMPR.
Generic observations:

· From an out of band emissions point of view, PSD check seems unnecessary or its threshold could be increased

· Current AMPR power sharing based on PCmax-AMPRtotal is constraining too much the achievable NR power versus LTE power:

· For low LTE power, NR can reach close to the PCmax power sharing level

· For high LTE power, NR power does not need to drop as drastically and NR link be maintained

· LTE back-off compensation scheme with 2 dB drop NR power per dB of LTE power above equal back-off and 0.5 dB increase of NR power per dB of LTE power below equal back-off, would allow to benefit from this
· When comparing worst case allocations with lower IMD order issues compared to best case allocations, back-off can often be reduced to the level needed for MPR or PCmax related power sharing

· NR MPR should be applied to solve ACLR cases when LTE carrier is at low powers

Theses observation have led to propositions made in [2] for Release 16 improvement study
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