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1. Introduction
In previous meetings, a first assessment of MPR needs for DC_3_n3 EN-DC combination was provided in [1]. In RAN4#88bis, a way forward on UE capability [2] was agreed and enables us to differentiate requirements for UEs implementing a given EN-DC combination with a common or separate UL antenna. This contribution reviews possible ACLR and emission failures due to IMD products of the 2 UL that may require MPR for both common and separate UL antenna architectures.
2. Discussion
2.1. Architecture Signaling

In the last meeting, UE capability for signaling its UL antenna configuration has been agreed in [2], further clarification of the underlying architecture assumptions is provided in [3] for this meeting.
2.2. Potential MPR Requirement for ACLR
In some cases when the gap between the two LTE and NR is small (equal to smallest channel bandwidth for example), there is an overlap of the two ACLR regions that may require MPR. In any case, the PAPR for two carrier is higher than for SC-FDMA and some extra MPR is required. Another stringent case is when the IMD3 of a small allocation on one channel and relatively large allocation in the other channel falls into the ACLR region, in this case the full PSD on the IM3 falls into an adjacent channel instead of being spread across the wanted and its two adjacent channels. In order to quickly assess the need for AMPR, a few cases were measured at max power for both common and separate UL antennas. These include the test points needed for MSD and are collected in Table 1.

Table 1: ACLR measurements for a few DC_3_n3 test cases for 1 and 2 UL antenna architectures

	Scenario
	RAT -waveform
	Gap
	Antenna arch.
	LTE CH
	LTE AdjL
	LTE AdjH
	NR CH
	NR AdjL
	NR AdjH
	ptot
	LTE ACLR
	NR ACLR

	
	
	MHz
	
	dBm
	dBm
	dBm
	dBm
	dBm
	dBm
	dBm
	dBc
	dBc

	IM3/5 on NR/LTErx
	measurement frequency [MHz] --->
	1782.5
	1777.5
	1787.5
	1737.5
	1732.5
	1742.5
	 

	
	LTE
	QPSK_5MHZ_12RB_12
	40
	separate
	23.9
	-23.7
	-13.1
	24.0
	-10.1
	-24.1
	27.0
	37.1
	34.1

	
	NR
	DFT_QPSK_5MHZ_12RB_0_15
	
	common
	23.6
	-27.9
	-8.5
	23.7
	-7.3
	-27.7
	26.7
	32.2
	31.0

	IM5/7 on NR/LTErx
	measurement frequency [MHz] --->
	1782.5
	1777.5
	1787.5
	1752.5
	1747.5
	1757.5
	 

	
	LTE
	QPSK_5MHZ_12RB_9
	25
	separate
	23.9
	-22.1
	-16.3
	24.0
	-10.7
	-24.2
	27.0
	40.2
	34.7

	
	NR
	DFT_QPSK_5MHZ_12RB_0_15
	
	common
	23.8
	-25.9
	-13.3
	23.8
	-7.6
	-28.1
	26.8
	37.1
	31.4

	IM3 just miss on LTErx
	measurement frequency [MHz] --->
	1775.0
	1755.0
	1795.0
	1712.5
	1707.5
	1717.5
	 

	
	LTE
	QPSK_20MHZ_16RB_84
	50
	separate
	24.5
	-39.2
	-17.8
	23.3
	-12.1
	-24.7
	26.9
	42.3
	35.3

	
	NR
	DFT_QPSK_5MHZ_12RB_0_15
	
	common
	24.3
	-27.5
	-24.5
	22.4
	5.1
	-28.9
	26.5
	48.8
	17.3

	best case MSD
	measurement frequency [MHz] --->
	1782.5
	1777.5
	1787.5
	1772.5
	1767.5
	1777.5
	 

	
	LTE
	QPSK_5MHZ_12RB_0
	5
	separate
	23.9
	-9.6
	-12.2
	23.9
	-12.7
	-9.7
	26.9
	33.5
	33.5

	
	NR
	DFT_QPSK_5MHZ_12RB_13_15
	
	common
	23.9
	-3.7
	-0.9
	23.9
	-1.6
	-3.7
	26.9
	24.8
	25.5

	WC emissions
	measurement frequency [MHz] --->
	1782.5
	1777.5
	1787.5
	1737.5
	1732.5
	1742.5
	 

	
	LTE
	QPSK_5MHZ_1RB_0
	40
	separate
	23.8
	-32.1
	-44.9
	23.7
	-30.5
	-43.9
	26.7
	55.9
	54.1

	
	NR
	DFT_QPSK_5MHZ_1RB_0_15
	
	common
	23.5
	-34.5
	-46.0
	23.4
	-32.5
	-45.5
	26.5
	58.1
	55.9

	NR ACLR
	measurement frequency [MHz] --->
	1782.5
	1777.5
	1787.5
	1772.5
	1767.5
	1777.5
	 

	
	LTE
	QPSK_5MHZ_25RB_0
	5
	separate
	26.7
	-4.9
	-4.4
	12.5
	-17.9
	-5.0
	26.9
	31.1
	17.5

	
	NR
	DFT_QPSK_5MHZ_1RB_0_15
	
	common
	26.7
	-4.3
	-3.8
	12.0
	-9.2
	-4.3
	26.9
	30.5
	16.3


Observation 1 for ACLR:

· For the separate UL antenna case:

· The worst ACLR case is failed and has similar results than the common antenna case and will require MPR
· All the other cases show a good ACLR
· For the common UL antenna case:

· Most cases show marginal or failing ACLR especially for cases where the gap is equal to the channel bandwidths, MPR will be required
2.3. Potential MPR Requirement for Emissions
For the same test cases and the two architectures, the IMD products were measured in 1MHz bandwidth in order to assess MPR needs, these are collected in Table 2. In this case, the 1RB + 1RB case is key to assess SEM and own band protection. Note that these measurements are at the PA output before the 4dB post PA losses
Table 2: Emissions in MHz Bandwidths for 1 and 2 UL antenna architectures
[image: image1.emf]Gap LTEtx NRtx TOTtxIMD7L IMD5L IMD3LIMD3HIMD5HIMD7H

MHz DBM DBM DBM DBM DBM DBM DBM DBM DBM

1782.51737.5 na 1594.81642.01689.21830.71877.81925.0

LTE QPSK_5MHZ_12RB_12

separate

23.9 24.0 27.0 -46.2 -34.2 -15.0 -16.3 -34.2 -47.0

NR DFT_QPSK_5MHZ_12RB_0_15

common

24.0 24.0 27.0 -19.8 -15.1 -2.7 -5.7 -17.3 -21.4

1782.51752.5 na 1656.41688.11719.71814.61846.21877.8

LTE QPSK_5MHZ_12RB_9

separate

23.9 24.0 27.0 -47.4 -35.3 -16.2 -16.9 -34.9 -48.6

NR DFT_QPSK_5MHZ_12RB_0_15

common

23.8 23.8 26.8 -22.9 -18.9 -3.8 -5.5 -21.2 -23.2

1775.01712.5 na 1497.61568.81640.11853.81925.01996.3

LTE QPSK_20MHZ_16RB_84

separate

24.5 23.3 27.0 -46.2 -36.9 -17.9 -16.3 -35.1 -48.2

NR DFT_QPSK_5MHZ_12RB_0_15

common

24.3 22.4 26.5 -20.3 -14.8 -4.0 -15.1 -22.1 -27.1

1782.51772.5 na 1750.71758.31766.01789.01796.71804.3

LTE QPSK_5MHZ_12RB_0

separate

23.9 23.9 26.9 -47.3 -35.3 -16.7 -16.3 -34.5 -47.8

NR DFT_QPSK_5MHZ_12RB_13_15

common

23.9 23.9 26.9 -28.8 -22.3 -5.4 -4.7 -21.6 -27.2

1782.51737.5 na 1600.31645.31690.31825.31870.41915.4

LTE QPSK_5MHZ_1RB_0

separate

23.8 23.7 26.7 -41.0 -27.6 -9.1 -11.1 -26.5 -41.2

NR DFT_QPSK_5MHZ_1RB_0_15

common

23.5 23.4 26.4 -12.9 -8.5 2.8 -0.1 -10.4 -14.6

1782.51772.5 na 1733.81746.01758.21794.71806.81819.0

LTE QPSK_5MHZ_25RB_0

separate

26.7 12.5 26.8 -52.5 -51.8 -41.5 -21.7 -45.9 -53.6

NR DFT_QPSK_5MHZ_1RB_0_15

common

26.8 12.0 26.9 -47.7 -41.0 -24.9 -14.7 -31.0 -42.0
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Observation 2 for own band protection assuming 50dB TX to ANT attenuation:

1. For the separate UL antenna case: -50dBm/MHz is achievable with close to 10dB margin even in the 1RB/1RB case
2. For the common UL antenna case:

a. Most of the MSD test cases show some margin for -50dBm/MHz
b. For the worst 1RB/1RB case, the -50dBm/MHz is failed by 3dB. It is to be noted that 55dB TX/RX isolation for the duplexer would pass
Observation 3 for -25dBm/MHz SEM:

1. For the separate UL antenna case: IMD3 fails for all cases and in the 1RB/1RB case IMD5 is marginal
2. For the common UL antenna case: IMD3, IMD5 and IMD7 fails for the cases with high PSD
Observation 4 for -30dBm/MHz spurious emissions:

1. For the separate UL antenna case: IMD3 fails for all cases and in the 1RB/1RB case IMD5 also fails
2. For the common UL antenna case: IMD3, IMD5 and IMD7 fails for the cases with high PSD
Observation 5 for -13dBm/MHz SEM:

1. For the separate UL antenna case: IMD3 fails for the 1RB/1RB case, some other cases are marginal
2. For the common UL antenna case: IMD3, IMD5 and IMD7 fails for the 1RB/1RB case, the other cases are failing or are marginal for IMD3
3. Conclusion
This contribution provides a few measurements for the worst IMD products and ACLR of DC_3_n3 combination at maximum power for both common and separate UL antenna architectures. It shows that although separate antenna architecture shows better output RF spectrum emissions, it will still need MPR and as expected the common antenna case will require significant MPR including up to the 7th order IMD for the 1RB/1RB case. This conclusion is supported by the following detailed observations:
Observation 1 for ACLR:

· For the separate UL antenna case:

· The worst ACLR case is failed and has similar results than the common antenna case and will require MPR

· All the other cases show a good ACLR

· For the common UL antenna case:

· Most cases show marginal or failing ACLR especially for cases where the gap is equal to the channel bandwidths, MPR will be required
Observation 2 for own band protection assuming 50dB TX to ANT attenuation:

3. For the separate UL antenna case: -50dBm/MHz is achievable with close to 10dB margin even in the 1RB/1RB case
4. For the common UL antenna case:

a. Most of the MSD test cases show some margin for -50dBm/MHz
b. For the worst 1RB/1RB case, the -50dBm/MHz is failed by 3dB. It is to be noted that 55dB TX/RX isolation for the duplexer would pass

Observation 3 for -25dBm/MHz SEM:

3. For the separate UL antenna case: IMD3 fails for all cases and in the 1RB/1RB case IMD5 is marginal
4. For the common UL antenna case: IMD3, IMD5 and IMD7 fails for the cases with high PSD

Observation 4 for -30dBm/MHz spurious emissions:

3. For the separate UL antenna case: IMD3 fails for all cases and in the 1RB/1RB case IMD5 also fails
4. For the common UL antenna case: IMD3, IMD5 and IMD7 fails for the cases with high PSD

Observation 5 for -13dBm/MHz SEM:

3. For the separate UL antenna case: IMD3 fails for the 1RB/1RB case, some other cases are marginal
4. For the common UL antenna case: IMD3, IMD5 and IMD7 fails for the 1RB/1RB case, the other cases are failing or are marginal for IMD3
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