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Introduction
In RAN4#93 meeting, we have provided input to intra-band ENDC MPR/AMPR improvements in [1]. In this contribution, we provide the set of DC_(n)41 and DC_41_n41 data in support of NS04 AMPR and NS01 MPR improvements in terms of antenna isolation and better fit of back-off curves[1,3], power sharing and allocation types discussed in [2].
Discussion
Cases Measured
The data provided here spans a large set of measurements comprising:
· DC_(n)41 and DC_41_n41 contiguous and non-contiguous intra-band ENDC combinations
· NS01 and NS04 requirements
· QPSK CP-OFDM waveforms principally (highest MPR) with corner case DFT-s-OFDM waveforms
· LTE channel of 20 MHz and NR channel of 40 MHz both 15 kHz SCS and 20MHz gap for non-contiguous intra-band ENDC
· NR/LTE Waveform pairs as follows (LTE channel is at the lowest frequency):
· QPSK CP-OFDM 1RB-40MHz 			QPSK_20MHz_1RB99		Closest 1RB+1RB case
· QPSK CP-OFDM 1RB215-40MHz		QPSK_20MHz_1RB0		Furthest 1RB+1RB case
· QPSK CP-OFDM 1RB215-40MHz		QPSK_20MHz_2RB0		Furthest A=0.54 case
· QPSK CP-OFDM 2RB214-40MHz		QPSK_20MHz_1RB0		Furthest A=0.54 case
· QPSK CP-OFDM 2RB214-40MHz		QPSK_20MHz_2RB0
· QPSK CP-OFDM 3RB213-40MHz		QPSK_20MHz_3RB0
· QPSK CP-OFDM 4RB212-40MHz		QPSK_20MHz_2RB0
· QPSK CP-OFDM 4RB212-40MHz		QPSK_20MHz_8RB0
· QPSK CP-OFDM 6RB210-40MHz		QPSK_20MHz_6RB0
· QPSK CP-OFDM 20RB196-40MHz		QPSK_20MHz_1RB0		Unbalanced allocation
· QPSK CP-OFDM 20RB196-40MHz		QPSK_20MHz_20RB0
· QPSK CP-OFDM 108RB108-40MHz		QPSK_20MHz_1RB99		Unbalanced allocation
· QPSK CP-OFDM 108RB108-40MHz		QPSK_20MHz_50RB0		Unbalanced allocation
· QPSK CP-OFDM 108RB0-40MHz		QPSK_20MHz_100RB0	In-gap ACLR case
· QPSK CP-OFDM 216RB0-40MHz		QPSK_20MHz_100RB0	Full allocation
· QPSK DFT-s-OFDM 1RB215-040MHz	QPSK_20MHz_1RB0		Furthest 1RB+1RB case
· QPSK DFT-s-OFDM 216RB0-40MHz	QPSK_20MHz_100RB0 	Full allocation
· 29 dBm to 11 dBm Ptotal range 
· with LTE/NR power differences as follows: -18, -13, -9, -6, -4, -2.5, -1, 0, 1, 2.5, 4, 6, 9, 13, 18 db
· Data is provided in terms of Ptotal back-off or PLTE/PNR contours
· 10dB and 13dB antenna isolation
Disclaimers on Results Presented
The results presented here only cover the EN-DC requirements and specifically the out-of-band requirements like ACLR, SEM, spurious emissions, it does not cover the single CC in-band and out of band requirements so there may be other limitations to the output power other than those measured here and especially for inner allocation the single CC in-band or out of band requirements would require MPR especially at large difference between P_LTE and P_NR.
Tables and Figures provide the raw back-off values for different NS01/NSO4 requirements and are provided either in terms of back-off (positive value) or value at Pmax if it already fulfills the requirement (negative values). “KO” cases can be ignored as they are cases where IM3 and IM5 fall within the LTE and/or NR channels. This results cannot be used to derive MPR/AMPR as is since it does not include margins related to temperature and process variations nor the necessary margins to enable ET and APT implementations. This data should only be used to look at trends and differences between different type of allocations and power sharing cases.

To elaborate further on actual NS01/NS04 MPR/AMPR one needs to find the worst performance (highest back-off) for a the relevant criteria and corresponding allocations types. For example, NS01 contiguous must meet ACLR, -10 dBm/MHz SEM, -13 dBm/MHz IMD3 and -30 dBm/MHz IMD5. 

[bookmark: _GoBack]Note that in our analysis we have measured across the 15 LTE/NR power pairs over a 15 to 18 dB Ptotal range thus the tables provided are a small subset of the data analyzed to provide our conclusions. Note that measurements are within 0.5 dB in absolute value and reproducibility is about 0.3 dB this explains that the PLTE/PNR contour plots are not smooth (the smoothing option from excel is removed in the plots). Also there are discontinuities that are related to cases where the worst case IMD product shifts from one sideband to the other, also some of the fluctuations in the curves is related to the specific P_LTE and P_NR pairs chosen for the search space especially at max power.

Finally this raw data is for an ideal 3GPP configuration and as discussed in [3] margin must be taken to account for PA frequency, temperature and process variations, worst case over power share range (not necessarily equal power), and different behavior of ET and APT implementations.

Curves across LTE power range are provided. They provide the reachable PNR vs PLTE and have the 26dBm power share and the equal power curves.
DC_(n)41 Data
This data could not be analyzed in time for RAN4#92b but is provided here. Unfortunately, it does not include all the contiguous/non-contiguous and inner/outer allocations that have been discussed in [4] and thus some further measurements will be needed. Also single CC requirements need to be applied.
Table 1: Raw back-off values for equal power case and 10 dB isolation
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Table 2: Raw back-off values for equal power case and 13 dB isolation
[image: ]
Observations versus antenna isolation: about 1dB improvement is shown for worst cases
Observations versus allocation size: 1RB+1RB case requires IM3 at -25 dBm/MHz worst case for NS04 but for NS01, -13 dBm/MHz IM3 and -30 dBm/MHz IM5 (always met for IM3 back-off)
Observations versus allocation type: Inner allocations need to meet ACLR, -10 dBm/MHz SEM, -13 dBm/MHz IMD5 and thus allows low back-off. Note that single CC in-band and out-of-band limitations may apply on top
DC_(n)41 NS01 Data P_NR vs P_LTE, Narrow Allocations
In the following NS01 data:
· Dashed curves are for inner allocations that have IM5 falling in the -13dBm/MHz SEM region
· Plain curves are for outer allocations where IM3 products fall in the -13dBm/MHz SEM region and IM5 in-30dBm/MHz region
· Back dash curve is the 26dBm Ptotal power sharing curve while the dotted line is the equal power line
[image: ][image: ]
Figure 1: Inner (dash) and outer (plain) allocations for contiguous case and narrow allocations which are SEM (inner) or spurious emission (outer) limited. B=0.36 to 1.08MHz (left) and B=2.16 to 7.2MHz
 (right).
Observations:
· DFT-s-OFDM (blue curve) allows slightly higher NR power than CP-OFDM OFDM in accordance to their respective PAPR.
· All narrow allocations (left) require similar back-off for outer allocation (-13dBm/MHz IM3 and -30dBm/MHz IM5)
· Inner (IM5 at -13dBm/MHz) allocation may reach maximum output power on both NR and LTE but note that single CC in-band and out-of-band limitations may apply on top.
· CP-OFDM outer allocations > 12RB total are also limited in ACLR for low LTE power
DC_(n)41 NS04 Data P_NR vs P_LTE, Narrow Allocations
In the following NS04 data: 
· Dashed curves are for allocations that have IM3 falling in -13dBm/MHz
· Plain curves are for allocations where IM3 products fall in the -25dBm/MHz region
· Back dash curve is the 26dBm Ptotal power sharing curve while the dotted line is the equal power line
[image: ][image: ] 
Figure 2: -13dBm/MHz (dash) and -25dBm/MHz (plain) IM3 for contiguous case and narrow allocations. B=0.36 to 1.08MHz (left) and B=2.16 to 7.2MHz (right)
Observations:
· DFT-s-OFDM (blue curve) allows slightly higher NR power than CP-OFDM OFDM in accordance to their respective PAPR.
· Difference between -25dBm/MHz and -13dBm/MHz is about 2dB
· CP-OFDM outer allocations > 12RB total are also limited in ACLR for low LTE power
· Compared to the non-contiguous NS04 case the back-off is slightly lower (smaller interference BW) and thus non-contiguous data should be considered
DC_(n)41 NS01/04 Data P_NR vs P_LTE, Large Allocations
For large allocations limited par ACLR or -10dBm.MHz SEM region, NS01 and NS04 have the same behaviour. Back dash curve is the 26dBm Ptotal power sharing curve while the dotted line is the equal power line
[image: ]
Figure 3: Large allocations for contiguous case (B>19MHz).
Observations:
· DFT-s-OFDM (blue curve) allows 2dB higher NR power than CP-OFDM OFDM in accordance to their respective PAPR.
· Specific 2CC allocation that concentrates the IMD in the ACLR region requires higher back-off than full allocation
DC_41_n41 Data
This data could not be analyzed in time for RAN4#92b but is provided here. Unfortunately, it does not include all the contiguous/non-contiguous and inner/outer allocations that have been discussed in [4] and thus some further measurements will be needed. Also single CC requirements need to be applied.

Table 3: Raw back-off values for equal power case and 10 dB isolation
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Table 4: Raw back-off values for equal power case and 13 dB isolation
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Observations versus antenna isolation: about 1dB improvement is shown for worst cases
Observations versus allocation size: 1RB+1RB case requires IM3 at -25 dBm/MHz worst case for NS04 but for NS01, -30 dBm/MHz IM3 is needed.
Observations versus allocation type: Inner allocations are measured for IM3 of -13dBm/MHz and offer a smaller back-off but still no possibility for power higher than 26dBm. At this point we believe that inner allocations are mostly of interest for contiguous CCs.

DC_41_n41 NS01 Data P_NR vs P_LTE, Narrow Allocations
In the following NS01 data:
· Dashed curves are for inner allocations that have IM3 falling in the -13dBm/MHz SEM region and IM5 in in -30dBm/MHz region
· Plain curves are for outer allocations where IM3 products fall in the -30dBm/MHz region
· Back dash curve is the 26dBm Ptotal power sharing curve while the dotted line is the equal power line
[image: ][image: ]
Figure 4: Inner (dash) and outer (plain) allocations for non-contiguous case and narrow allocations which are SEM (inner) or spurious emission (outer) limited. B=0.36 to 1.08MHz (left) and B=2.16 to 7.2MHz (right).
Observations:
· DFT-s-OFDM (blue curve) allows 2dB higher NR power than CP-OFDM OFDM in accordance to their respective PAPR.
· All narrow allocations (left) require similar back-off for outer allocation. Wider allocation up to 40RB total have 3dB higher NR power and in some case the inner cases approach maximum total power
· Inner (IM3 at -13dBm/MHz) allocation may reach up to 4dB higher power but the cases are limited to only a few channel configurations
DC_41_n41 NS04 Data P_NR vs P_LTE, Narrow Allocations
In the following NS04 data: 
· Dashed curves are for allocations that have IM3 falling in -13dBm/MHz
· Plain curves are for allocations where IM3 products fall in the -25dBm/MHz region
· Back dash curve is the 26dBm Ptotal power sharing curve while the dotted line is the equal power line
[image: ][image: ]
Figure 5: -13dBm/MHz (dash) and -25dBm/MHz (plain) IM3 for non-contiguous case and narrow allocations. B=0.36 to 1.08MHz (left) and B=2.16 to 7.2MHz (right)
Observations:
· DFT-s-OFDM (blue curve) allows 2dB higher NR power than CP-OFDM OFDM in accordance to their respective PAPR.
· All narrow allocations (left) require similar back-off for outer allocation. Wider allocation up to 40RB total have 3dB higher NR power and in some case the inner cases approach maximum total power but some are ACLR limited
· Inner (IM3 at -13dBm/MHz) allocation may reach up to 4dB higher power but the cases are limited to only a few channel configurations
· Non-contiguous CC case has higher back-off needed than for contiguous CC and should be the basis for NS04 outer A-MPR.
DC_41_n41 NS01/04 Data P_NR vs P_LTE, Large Allocations
For large allocations limited par ACLR or -10dBm.MHz SEM region, NS01 and NS04 have the same behaviour. Back dash curve is the 26dBm Ptotal power sharing curve while the dotted line is the equal power line
[image: ]
Figure 6: Large allocations for non-contiguous case (B>19MHz).
Observations:
· DFT-s-OFDM (blue curve) allows about 2dB higher NR power than CP-OFDM OFDM in accordance to their respective PAPR.
· Specific 2CC allocation that concentrates the IMD in the ACLR region requires higher back-off than full allocation

Conclusions
In this contribution, we provided a large set of DC_(n)41 and DC_41_n41 data in support of NS04 AMPR and NS01 MPR improvements in terms of antenna isolation and better fit of back-off curves[1,3], power sharing and allocation types discussed in [2] allowing a number of observations.
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2C001R0-040M000 QPSK_20MHZ_1RB_99 0 -57.4 -45.3KO KO KO KO KO

2D001R0-040M000 QPSK_20MHZ_1RB_99 0 -57.7 -46.1KO KO -15.3KO KO

2C001R0-040M215 QPSK_20MHZ_1RB_0 0 -33.3 -36.4 3.2 5.6 -21.2 0.8 1.9

2D001R0-040M215 QPSK_20MHZ_1RB_0 0 -33.6 -38.3 2.2 4.3 -22.1 0.6 1.7

2C001R0-040M215 QPSK_20MHZ_2RB_0 0 -33.4 -36.4 3 5.7 -21.5 0.8 1.8

2C002R0-040M214 QPSK_20MHZ_1RB_0 0 -33.3 -32 3 5.7 -21.6 0.5 1.7

2C002R0-040M214 QPSK_20MHZ_2RB_0 0 -33.5 -31.9 3.2 5.6 -22.4 0.4 1.6

2C003R0-040M213 QPSK_20MHZ_3RB_0 0 -33.6 -23.2 3.2 5.7 -23.3 0.3 1.5

2C004R0-040M212 QPSK_20MHZ_2RB_0 0 -33.3 -18.9 3 5.5 -23.5 0.3 1.2

2C004R0-040M212 QPSK_20MHZ_8RB_0 0 -33.4 -17.5 2.6 5.3 -25.1 -25.1 1

2C006R0-040M210 QPSK_20MHZ_6RB_0 0 -33.4 -14.3 2.6 5.4 -25.4 -25.4 0.9

2C020R0-040M196 QPSK_20MHZ_1RB_0 0 0.1 2.7 1.4 4.5 -28.8 -28.8 0.2

2C020R0-040M196 QPSK_20MHZ_20RB_0 0 0.2 2.6 1.2 4.3 -30.8 -30.8 -30.8

2C108R0-040M108 QPSK_20MHZ_1RB_99 0 2.2 2.2 3.2KO -15.1 3.3KO

2C108R0-040M108 QPSK_20MHZ_50RB_0 0 2.2 2.2 1.6 4.5 -17.9 2.5 3.8

2C108R0-040M000 QPSK_20MHZ_100RB_0 0 0.4 0.8KO KO KO KO KO

2C216R0-040M000 QPSK_20MHZ_100RB_0 0 2.5 1.7KO KO KO KO KO

2D216R0-040M000 QPSK_20MHZ_100RB_0 0 0.9 0.8KO KO KO KO KO
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2C001R0-040M000 QPSK_20MHZ_1RB_99 20

-31.3 2.5

3.5 6.0 7.5 2.0 3.0

2D001R0-040M215 QPSK_20MHZ_1RB_0 20

-57.8 3.0

4.0 6.0 8.5 2.5 3.5

2C001R0-040M215 QPSK_20MHZ_1RB_0 20

-57.0 3.5

5.0 7.5 9.0 2.5 3.5

2C001R0-040M215 QPSK_20MHZ_2RB_0 20

-57.5 3.5

5.0 7.5 9.0 2.5 3.5

2C002R0-040M214 QPSK_20MHZ_1RB_0 20

-52.0 4.0

5.0 7.5 9.0 2.5 3.5

2C002R0-040M214 QPSK_20MHZ_2RB_0 20

-52.7 3.5

5.0 7.5 9.0 2.0 3.5

2C003R0-040M213 QPSK_20MHZ_3RB_0 20

-47.5 3.5

4.5 7.5 9.0 2.0 3.0

2C004R0-040M212 QPSK_20MHZ_2RB_0 20

-44.7 3.5

4.5 8.0 9.0 2.0 3.0

2C004R0-040M212 QPSK_20MHZ_8RB_0 20

-42.4 3.0

4.0 7.5 9.0 1.5 2.5

2C006R0-040M210 QPSK_20MHZ_6RB_0 20

-38.7 3.0

4.0 7.0 8.5 1.5 2.5

2C020R0-040M196 QPSK_20MHZ_1RB_0 20

2.0 3.0

3.5 6.5 8.0 1.0 2.0

2C020R0-040M196 QPSK_20MHZ_20RB_0 20

1.5 3.0

3.0 6.0 7.5 0.5 1.5

2C108R0-040M108 QPSK_20MHZ_1RB_99 20

3.5 2.5

1.5 5.0 6.5 1.0 2.0

2C108R0-040M108 QPSK_20MHZ_50RB_0 20

2.5 2.0

-13.2 4.5 6.0 0.0 1.5

2C108R0-040M000 QPSK_20MHZ_100RB_0 20

2.5 1.0

2.0 2.0

2C216R0-040M000 QPSK_20MHZ_100RB_0 20

3.0 1.5

2.0 2.5

2D216R0-040M000 QPSK_20MHZ_100RB_0 20

1.5 1.0
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2C001R0-040M000 QPSK_20MHZ_1RB_99 20 -33.1 2 2.5 4.5 5.5 1.5 2.5

2D001R0-040M215 QPSK_20MHZ_1RB_0 20 -57.4 2.5 3 5.5 6.5 1.5 2.5

2C001R0-040M215 QPSK_20MHZ_1RB_0 20 -56.7 3.5 4 6 7 1.5 3

2C001R0-040M215 QPSK_20MHZ_2RB_0 20 -56.9 3.5 4 6.5 7.5 1.5 2.5

2C002R0-040M214 QPSK_20MHZ_1RB_0 20 -51.8 3.5 4 6.5 7.5 1.5 2.5

2C002R0-040M214 QPSK_20MHZ_2RB_0 20 -52.6 3.5 4 6.5 7.5 1.5 2.5

2C003R0-040M213 QPSK_20MHZ_3RB_0 20 -46.8 3.5 4 6.5 7.5 1 2

2C004R0-040M212 QPSK_20MHZ_2RB_0 20 -43.9 3.5 4 6.5 7.5 1 2

2C004R0-040M212 QPSK_20MHZ_8RB_0 20 -42.6 3 3.5 6 7 0.5 1.5

2C006R0-040M210 QPSK_20MHZ_6RB_0 20 -38.7 2.5 3.5 6 6.5 0.5 1.5

2C020R0-040M196 QPSK_20MHZ_1RB_0 20 2 3 3 5.5 6.5 -28.5 1

2C020R0-040M196 QPSK_20MHZ_20RB_0 20 2 3 2 4.5 5.5 -29.9 0.5

2C108R0-040M108 QPSK_20MHZ_1RB_99 20 3.5 3 -14.6 3.5 5 0.5 2

2C108R0-040M108 QPSK_20MHZ_50RB_0 20 3 2.5 -15.4 2 4.5 -26.6 1

2C108R0-040M000 QPSK_20MHZ_100RB_0 20 2.5 0.5 3 3.5

2C216R0-040M000 QPSK_20MHZ_100RB_0 20 3.5 2 1.5 2.5

2D216R0-040M000 QPSK_20MHZ_100RB_0 20 2 0.5 1 2
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STRING STRING MHz dB

dB/

dBm

dB/

dBm

dB/

dBm

dB/

dBm

dB/

dBm

dB/

dBm

2C001R0-040M000 QPSK_20MHZ_1RB_99 0 -57.6 -45.9KO KO -14.9KO KO

2D001R0-040M000 QPSK_20MHZ_1RB_99 0 -57.9 -45.9KO KO -14.6KO KO

2C001R0-040M215 QPSK_20MHZ_1RB_0 0 -31.6 -34 3.6 5.9 -15.2 2.1 3.1

2D001R0-040M215 QPSK_20MHZ_1RB_0 0 -31.9 -34.5 2.7 5 -15.9 1.8 2.7

2C001R0-040M215 QPSK_20MHZ_2RB_0 0 -31.7 -35 3.7 6.2 -16.2 1.9 2.8

2C002R0-040M214 QPSK_20MHZ_1RB_0 0 -31.3 -31.9 3.7 6.3 -16.7 1.8 2.4

2C002R0-040M214 QPSK_20MHZ_2RB_0 0 -31.4 -31.2 3.9 6.1 -16.3 1.9 3

2C003R0-040M213 QPSK_20MHZ_3RB_0 0 -31.5 -24.1 3.7 6.3 -18.2 1.6 2.7

2C004R0-040M212 QPSK_20MHZ_2RB_0 0 -31.5 -20 3.6 6.3 -18.1 1.4 2.5

2C004R0-040M212 QPSK_20MHZ_8RB_0 0 -31.2 -16.5 3.2 6.2 -19.5 1.2 2.2

2C006R0-040M210 QPSK_20MHZ_6RB_0 0 -31.7 -15.1 3.3 5.7 -20.4 1.1 2.1

2C020R0-040M196 QPSK_20MHZ_1RB_0 0 0.5 2.3 2 5 -24.3 0.2 1.3

2C020R0-040M196 QPSK_20MHZ_20RB_0 0 0.7 2.7 1.8 4.8 -25.3 -25.3 1

2C108R0-040M108 QPSK_20MHZ_1RB_99 0 2.1 2 2.9 6.5 -13.4 3.5 5.4

2C108R0-040M108 QPSK_20MHZ_50RB_0 0 2.2 2 1.5 4.6 -14.8 3.2 5

2C108R0-040M000 QPSK_20MHZ_100RB_0 0 1 1.2KO KO KO KO KO

2C216R0-040M000 QPSK_20MHZ_100RB_0 0 2.5 1.6KO KO KO KO KO

2D216R0-040M000 QPSK_20MHZ_100RB_0 0 1.3 1.1KO KO KO KO KO


