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Introduction
[bookmark: _GoBack]In RAN4#91 meeting, the WF [1] on B41/n41 A-MPR assumptions was agreed as follows:
	· Request UE vendors to provide information on actual and feasible antenna isolations for B41/n41 frequencies to validate improved antenna isolation assumptions.
· Request component vendors to provide measurements of A-MPR requirements with new assumptions:
· Three values for antenna isolation of 20 dB, 16 dB, and 13 dB
· Post PA loss of 4 dB
· Power Class 2 Tx chains (LTE and NR)
· Equal Power on LTE and NR
· 1RB + 1 RB allocations
· If results of 1 RB + 1RB appear promising, additional allocations, with equal allocation sizes, to align with existing curve inflections points
· Determine backoff required to meet -13, -25, and -30 dBm/MHz limits



In this contribution, minimum A-MPR values required to satisfy spurious emissions (-13, -25, and -30 dBm/MHz) limits are provided based on measurements with actual antenna isolation for B41/n41 intra-band contiguous/non-contiguous EN-DC.
Intermodulation distortion (IMD) analysis for B41/n41 EN-DC
Before analyzing the measurement results of A-MPR, let’s first take a look at the IMD analysis for B41/n41 intra-band contiguous/non-contiguous EN-DC as summarized in Table 1.
	3GPP TS38.101-3, TS38.101-1, and TS36.101
	B41/n41 
Intra-band contiguous 
EN-DC UE
	B41/n41 
Intra-band non-contiguous 
EN-DC UE

	Additional spurious emissions (NS_04)
	-25dBm/MHz
	IM3 into the A-SEM range

	General Spurious emissions
(-30dBm/MHz)
	-30dBm/MHz
	IM5 into G-SE
	IM3 into G-SE

	General Spurious emissions (NS_04)
	-25dBm/MHz
	IM5 into G-SE
	IM3 into G-SE

	A-SEM(NS_04)
	IM3 into A-SEM
(-13dBm/MHz 
spec. limit)
	IM3 into A-SEM
(-25dBm/MHz 
spec. limit)

	General SEM
	IM3 into G-SEM
(-13dBm/MHz 
spec. limit)
	IM3 into G-SEM
(-25dBm/MHz 
spec. limit)

	EN-DC ACLR
	IM3 into ACLREN_DC range

	EN-DC UE-to-UE Co-existence
	B40 Rx
	IM3 into B40

	
	B30 Rx
	IM5 into B30
	IM3 into B30

	
	B1/B4/B66 Rx
	IM7 into B1/B4/B66
	IM5 into B1/B4/B66


Table 1. IMD analysis for B41/n41 intra-band contiguous/non-contiguous EN-DC
As shown in Table 1, IMD3 emissions fall into additional spurious emissions of NS_04 (-13 dBm/MHz and -25 dBm/MHz), general spurious emissions of NS_04 (-25 dBm/MHz) and general spurious emissions (-30 dBm/MHz) regions. To satisfy these limits, RAN4 has defined the A-MPR for NS_04 and it is used instead of MPR defined in 6.2B2.2 (EN-DC MPR = 0) in [2].
For EN-DC UE-to-UE Co-existence, IMD3, IMD5, and IMD7 emissions fall into adjacent bands (B1, B4, B66, B30, and B40) and these adjacent bands were included to spurious emission requirements as protected band except for Band 40. The reason for removing the band 40 from B41/n41 EN-DC co-existence table can be found in [3].
Observation 1: IMD 3 emissions fall into additional spurious emissions of NS_04 (-13 dBm/MHz and -25 dBm/MHz), general spurious emissions of NS_04 (-25 dBm/MHz) and general spurious emissions (-30 dBm/MHz) regions for B41/n41 intra-band contiguous/non-contiguous EN-DC.
A-MPR measurement of B41/n41 intra-band contiguous/non-contiguous EN-DC
RAN4 has been reviewing and discussing on a potential improved A-MPR for B41/n41 EN-DC, and there was a request to UE vendors to provide actual and feasible antenna isolations in RAN4#91 meeting. New assumptions are listed to do measurements of A-MPR requirements as follows:
· Three values for antenna isolation of 20 dB, 16 dB, and 13 dB
· Post PA loss of 4 dB
· Power class 2 Tx chains (LTE and NR)
· Equal power on LTE and NR
· 1RB + 1 RB allocations
· If results of 1RB + 1RB appear promising, additional allocations, with equal allocation sizes, to align with existing curve inflections points
· Determine back-off required to meet -13, -25, and -30 dBm/MHz limits
For the A-MPR measurement of B41/n41 intra-band contiguous EN-DC, actual antenna isolation of 10 dB was used with the assumptions that are listed above. From UE vendor perspective, the current implementable antenna isolation value is 10 dB considering the form factor (size, shape, and positions of components) of a mobile phone. Details of parameters and a result of test measurements are shown in Table 2.
Observation 2: From UE vendor perspective, the current implementable antenna isolation value is 10 dB.
Proposal 1: RAN4 should use the antenna isolation value as 10 dB regardless of EN-DC band combinations.
	Intra-band contiguous 41/n41 EN-DC
▪ UL non-contiguous resource allocation.
▪ LTE SC-FDMA/QPSK, NR DFT-s-OFDM/QPSK
	Tx power backoff [dB]

	LTE
20MHz
	NR
40/50/60/80/100 MHz
	Total
UL RB
BW
[MHz]
	EN-DC PC2
3GPP Rel-15
AMPR value
TS38.101-3
	29dBm UE for B41/n41
- Post PA loss of 4 dB,
-Power Class 2 Tx chains (LTE and NR)
- Equal Power on LTE and NR

	SCS
	transmitted
RB
	SCS
	transmitted
RB
	
	Type1 UE
6.2B.3.1.2.2
	NS04
Additional
spurious
Emissions
	NS04/
General
SEM
	EN-DC
ACLR
	EN-DC
UE co-existence
	Spurious
emissions
	Spurious
emissions

	
	
	
	
	
	
	
	
	
	
	TS38.101-3
	
	

	
	
	
	
	
	“B”
[MHz]
	EN-DC
AMPR
	38.101-3
	38.101-3
38.101-1
36.101
	38.101-3
	B40
	B30
Rx
	B1/4/66
Rx
	38.101-3
38.101-1
	-30dBm
/MHz

	
	
	
	
	
	
	
	-25dBm/MHz
f < 2490.5
	-13dBm
/MHz
f<ENBW
	
	-40dBm
/MHz
	-50dBm
/MHz
	-25dBm
/MHz
	

	15KHz
	1
	30KHz
	1
	0.54
	<1M
	15
	14dB
	8dB
	6dB
	17dB
	11dB
	6dB
	5dB
	7dB

	15KHz
	6
	30KHz
	1
	1.44
	1~2M
	14
	14dB
	8dB
	6dB
	17dB
	10dB
	4dB
	3dB
	6dB

	15KHz
	5
	30KHz
	5
	2.7
	2~5M
	13
	13dB
	6dB
	6dB
	16dB
	9dB
	4dB
	3dB
	5dB

	15KHz
	12
	30KHz
	1
	2.52
	
	13
	12dB
	5dB
	6dB
	15dB
	8dB
	3dB
	2dB
	4dB

	15KHz
	10
	30KHz
	10
	5.4
	≥5M
	12
	13dB
	7dB
	6dB
	16dB
	10dB
	3dB
	2dB
	4dB

	15KHz
	15
	30KHz
	15
	8.1
	
	12
	11dB
	4dB
	6dB
	14dB
	8dB
	3dB
	1dB
	3dB

	15KHz
	30
	30KHz
	1
	5.76
	
	12
	11dB
	5dB
	6dB
	15dB
	8dB
	3dB
	1dB
	2dB

	15KHz
	20
	30KHz
	20
	10.8
	
	12
	10dB
	4dB
	6dB
	14dB
	7dB
	2dB
	1dB
	2dB

	15KHz
	25
	30KHz
	25
	13.5
	
	12
	9dB
	3dB
	6dB
	13dB
	7dB
	2dB
	-
	2dB

	15KHz
	30
	30KHz
	30
	16.2
	
	12
	9dB
	3dB
	6dB
	13dB
	7dB
	1dB
	-
	1dB

	15KHz
	35
	30KHz
	35
	18.9
	
	12
	9dB
	3dB
	7dB
	12dB
	6dB
	1dB
	-
	1dB

	15KHz
	40
	30KHz
	40
	21.6
	
	12
	8dB
	2dB
	7dB
	12dB
	6dB
	1dB
	-
	1dB

	15KHz
	45
	30KHz
	45
	24.3
	
	12
	8dB
	2dB
	7dB
	12dB
	6dB
	1dB
	-
	1dB

	15KHz
	50
	30KHz
	50
	27
	
	12
	8dB
	2dB
	7dB
	12dB
	6dB
	1dB
	-
	1dB


Table 2. Test measurements result of A-MPR for B41/n41 intra-band contiguous EN-DC with 10 dB antenna isolation
It can be observed that the minimum power back-off values of 14 dB, 8 dB, and 7 dB are required to satisfy -25, -13, and 
-30 dBm/MHz limits, respectively for the worst case where 1 RB (LTE) and 1 RB (NR) are allocated. The measured power back-off value of -30 dBm/MHz limit is relatively small compared to others because IMD5 falls into this spurious emissions region. 
Observation 3: When 10 dB antenna isolation is used for 29 dBm UE supporting B41/n41 intra-band contiguous EN-DC, the minimum values of A-MPR to satisfy the requirements as follows:
· -25 dBm/MHz additional spurious emissions of NS_04: 14 dB
· -13 dBm/MHz general SEM of NS_04: 8 dB
· -30 dBm/MHz spurious emissions: 7 dB
The same antenna isolation of 10 dB was used for test measurement of B41/n41 intra-band non-contiguous EN-DC and its measured power back-off values are shown in Table 3.
	Intra-band non-contiguous 41/n41 EN-DC Case
  ▪ UL non-contiguous resource allocation.
  ▪ LTE SC-FDMA/QPSK, NR DFT-s-OFDM/QPSK 
	Tx power backoff [dB]

	LTE
20MHz
	NR
40/50/60/80/100 MHz
	
	EN-DC PC2
3GPP Rel-15
AMPR value
TS38.101-3
	29dBm UE Power Class for LTE Band 41 and NR Band n41
- Post PA loss of 4 dB
- Power Class 2 Tx chains (LTE and NR)
- Equal Power on LTE and NR

	SCS
	transmitted
RB
	SCS
	transmitted
RB
	Total
UL RB
BW
[MHz]
	Type1 UE
6.2B.3.1.2.2
	NS04
Additional
spurious
emissions
	NS04
SEM
	General
SEM
	EN-DC
ACLR
	EN-DC
UE co-existence
	Spurious
emissions
	Spurious
emissions

	
	
	
	
	
	
	
	
	
	
	38.101-3
	
	38.101-3
	
	

	
	
	
	
	
	“B”
[MHz]
	EN-DC
AMPR
	38.101-3
	38.101-3, 38.101-1
	B30
	B40
	B1/4/66
Rx
	38.101-3
38.101-1
	-30dBm
/MHz

	
	
	
	
	
	
	
	-25dBm
/MHz
f < 2490.5
	-25dBm
/MHz
	
	-40dBm
/MHz
	-40dBm
/MHz
	-50dBm
/MHz
	-25dBm
/MHz
	

	15KHz
	1
	30KHz
	1
	0.54
	<1M
	15
	14dB
	12dB
	12dB
	6dB
	17dB
	17dB
	9dB
	13dB
	15dB

	15KHz
	6
	30KHz
	1
	1.44
	1~2M
	14
	14dB
	12dB
	12dB
	6dB
	17dB
	17dB
	9dB
	13dB
	14dB

	15KHz
	5
	30KHz
	5
	2.7
	2~5M
	13
	13dB
	10dB
	10dB
	6dB
	16dB
	16dB
	9dB
	11dB
	14dB

	15KHz
	12
	30KHz
	1
	2.52
	
	13
	12dB
	9dB
	9dB
	6dB
	15dB
	15dB
	9dB
	10dB
	13dB

	15KHz
	10
	30KHz
	10
	5.4
	≥5M
	12
	13dB
	11dB
	11dB
	6dB
	16dB
	16dB
	8dB
	12dB
	12dB

	15KHz
	15
	30KHz
	15
	8.1
	
	12
	11dB
	8dB
	8dB
	6dB
	14dB
	14dB
	8dB
	8dB
	12dB

	15KHz
	30
	30KHz
	1
	5.76
	
	12
	11dB
	9dB
	9dB
	6dB
	15dB
	15dB
	8dB
	10dB
	11dB

	15KHz
	20
	30KHz
	20
	10.8
	
	12
	10dB
	7dB
	7dB
	6dB
	14dB
	14dB
	8dB
	7dB
	11dB

	15KHz
	25
	30KHz
	25
	13.5
	
	12
	9dB
	6dB
	6dB
	6dB
	13dB
	13dB
	7dB
	7dB
	11dB

	15KHz
	30
	30KHz
	30
	16.2
	
	12
	9dB
	6dB
	6dB
	6dB
	13dB
	13dB
	7dB
	7dB
	10dB

	15KHz
	35
	30KHz
	35
	18.9
	
	12
	9dB
	6dB
	6dB
	7dB
	12dB
	12dB
	7dB
	7dB
	10dB

	15KHz
	40
	30KHz
	40
	21.6
	
	12
	8dB
	6dB
	6dB
	7dB
	12dB
	12dB
	7dB
	7dB
	10dB

	15KHz
	45
	30KHz
	45
	24.3
	
	12
	8dB
	5dB
	5dB
	7dB
	12dB
	12dB
	7dB
	6dB
	9dB

	15KHz
	50
	30KHz
	50
	27
	
	12
	8dB
	5dB
	5dB
	7dB
	12dB
	12dB
	6dB
	6dB
	9dB


Table 3. Test measurements result of A-MPR for B41/n41 intra-band non-contiguous EN-DC with 10 dB antenna isolation
It can be observed that the minimum values of power back-off are 14 dB, 12 dB, and 15 dB to satisfy -25, -25, and -30 dBm/MHz limits, respectively for the worst case where 1 RB (LTE) and 1 RB (NR) are allocated. Since IMD3 emissions fall into -30 dBm/MHz spurious emissions region, the power back-off value is bigger than the value in intra-band contiguous case. 
Observation 4: When 10 dB antenna isolation is used for 29 dBm UE supporting B41/n41 intra-band non-contiguous EN-DC, the minimum values of A-MPR to satisfy the requirements as follows:
· -25 dBm/MHz additional spurious emissions of NS_04: 14 dB
· -25 dBm/MHz general SEM of NS_04: 12 dB 
· -30 dBm/MHz spurious emissions: 15 dB
Conclusions
In this contribution, the test measurements of A-MPR for B41/n41 intra-band contiguous/non-contiguous EN-DC with 10 dB antenna isolation are provided.
Observation 1: IMD 3 emissions fall into additional spurious emissions of NS_04 (-13 dBm/MHz and -25 dBm/MHz), general spurious emissions of NS_04 (-25 dBm/MHz) and general spurious emissions (-30 dBm/MHz) regions for B41/n41 intra-band contiguous/non-contiguous EN-DC.
Observation 2: From UE vendor perspective, the current implementable antenna isolation value is 10 dB.
Observation 3: When 10 dB antenna isolation is used for 29 dBm UE supporting B41/n41 intra-band contiguous EN-DC, the minimum values of A-MPR to satisfy the requirements as follows:
· -25 dBm/MHz additional spurious emissions of NS_04: 14 dB
· -13 dBm/MHz general SEM of NS_04: 8 dB
· -30 dBm/MHz spurious emissions: 7 dB
Observation 4: When 10 dB antenna isolation is used for 29 dBm UE supporting B41/n41 intra-band non-contiguous EN-DC, the minimum values of A-MPR to satisfy the requirements as follows:
· -25 dBm/MHz additional spurious emissions of NS_04: 14 dB
· -25 dBm/MHz general SEM of NS_04: 12 dB 
· -30 dBm/MHz spurious emissions: 15 dB

Proposal 1: RAN4 should use the antenna isolation value as 10 dB regardless of EN-DC band combinations.
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