3GPP TSG-RAN WG4 Meeting #92Bis	R4-1911306
Chongqing, China, 14th– 18th Oct, 2019
		
Source:	LG Electronics
Title:	A-MPR measurement results for 29dBm HPUE B41/n41 EN-DC
Agenda item:	9.14.2
Document for:	Approval


Introduction
In RAN4 #91 meeting, the WF [1] was agreed to provide A-MPR measurement results of 29 dBm high power UE B41/n41 EN-DC based on the assumption of high antenna isolation for potential improvement. Since the current implementable antenna isolation value is 10 dB and it is very challenging to improve the antenna isolation due to form factors of mobile phone. During the meeting, there was no agreement on the antenna isolation value and new WF [2] was agreed to provide new A-MPR measurement results with 10 dB and 13 dB of antenna isolation for potential improvement. In this contribution, A-MPR measurement results of 29 dBm HPUE B41/n41 EN-DC are provided for potential improvement and new A-MPR values and curves for intra-band contiguous/non-contiguous cases are proposed based on the measurement results.
Assumptions of A-MPR measurement for 29dBm HPUE B41/n41 EN-DC
In RAN4 #92 meeting, revised assumptions of A-MPR measurement for 29 dBm HPUE B41/n41 EN-DC [2] were agreed as follows:
· Antenna isolation of 10dB and 13dB
· Post PA loss of 4dB
· Power class 2 Tx chains (LTE and NR)
· Equal power on LTE and NR
· Various allocation combinations with range of aggregate BWs, with focus on “worst case” combinations (assumed to be near-equal allocation BWs).
· Determine back-off required to meet -13, -25, and -30 dBm/MHz SEM, and ACLR limits
· Goal is to take data from multiple sources and define new A-MPR curves accommodating different implementations. New A-MPR curve will be associated with modified MPR bits and thus would be optional.
In addition, we take several assumptions into account when measuring A-MPR values and they are listed as follows:
· UL non-contiguous resource allocation
· LTE SC-FDMA/QPSK and NR DFT-s-OFDM/QPSK
· 15KHz SCS on LTE and 30kHz SCS on NR
· 26 dBm on each Tx chain
· LTE 20 MHz and NR 60 MHz
A-MPR measurement results for 29dBm HPUE B41/n41 EN-DC
Intra-band contiguous B41/n41 EN-DC
As shown in Table 1, A-MPR measurement results for intra-band contiguous B41/n41 EN-DC are provided and we only focus on the worst case where each transmitted RB of LTE and NR is located at the edge of its own bandwidth. It can be observed that when 1 RB LTE and 1 RB NR are at the edge of their own bandwidth and the antenna isolation is 10 dB, A-MPR values of 14 dB, 8 dB, and 7 dB are needed to satisfy -25 dBm/MHz (f < 2490.5 MHz), -13 dBm/MHz, and general -30 dBm/MHz, respectively. Moreover, it can be noted that increasing the transmitted RB size on both carriers reduces A-MPR values for SEM limits. To find new A-MPR curves of intra-band contiguous, the A-MPR measurement results are plotted in Figure 1, 2, and 3.
Table 1 A-MPR measurement results for intra-band contiguous B41/n41 EN-DC

	LTE
20 MHz
	NR
40/50/60/80/100 MHz
	Total
UL RB
BW
[MHz]
	LGE Test Results
(@Ant Isolation 10dB)
Tx power back-off [dB]
	LGE Test Results
(@Ant Isolation 13dB)
Tx power back-off [dB]

	SCS
	Transmitted
RB
	SCS
	Transmitted
RB
	
	
	

	
	
	
	
	
	NS_04
Additional
spurious
emissions
	NS_04/
General
SEM
	Spurious
emissions
	NS_04
Additional
spurious
emissions
	NS_04/
General
SEM
	Spurious
emissions

	
	
	
	
	
	-25dBm/
MHz
f < 2490.5
	-13dBm/
MHz
f<ENBW
	-30dBm/
MHz
	-25dBm/
MHz
f < 2490.5
	-13dBm/
MHz
f<ENBW
	-30dBm/
MHz

	15KHz
	1
	30KHz
	1
	0.54
	14
	8
	7
	13
	7
	6

	15KHz
	5
	30KHz
	5
	2.7
	13
	6
	5
	12
	5
	4

	15KHz
	10
	30KHz
	10
	5.4
	12
	5
	4
	11
	4
	3

	15KHz
	15
	30KHz
	15
	8.1
	11
	4
	3
	10
	3
	2

	15KHz
	20
	30KHz
	20
	10.8
	10
	4
	2
	9
	3
	1

	15KHz
	25
	30KHz
	25
	13.5
	9
	3
	2
	9
	2
	1

	15KHz
	30
	30KHz
	30
	16.2
	9
	3
	1
	8
	2
	0

	15KHz
	35
	30KHz
	35
	18.9
	9
	3
	1
	8
	1
	0

	15KHz
	40
	30KHz
	40
	21.6
	8
	2
	1
	7
	0
	0

	15KHz
	45
	30KHz
	45
	24.3
	8
	2
	1
	7
	0
	0

	15KHz
	50
	30KHz
	50
	27
	8
	2
	1
	7
	0
	0
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Figure 1 A-MPR measurement results (dB) to meet -13 dBm/1MHz

In Figure 1, it can be observed that there is 1 dB difference between A-MPR measurement results of 10 dB antenna isolation and 13 dB antenna isolation. For defining a new A-MPR curve, the measurement result of 10 dB antenna isolation is used since the worst case needs to be considered. There is one measurement point that cannot be met -13 dBm/1MHz SEM if implementation margin is considered. Therefore, relaxing the region where the measurement result cannot be met -13 dBm/1MHz SEM is necessary. Other than that, the A-MPR measurement result of 10 dB antenna isolation shows room for potential A-MPR improvement for 29 dBm HPUE B41/n41 EN-DC.

Observation 1: There is 1 dB difference between A-MPR measurement results of 10 dB antenna isolation and 13 dB antenna isolation.
Observation 2: There is one measurement point that cannot be met -13 dBm/1MHz SEM if implementation margin is considered. Other than that, the A-MPR measurement result of 10 dB antenna isolation shows room for potential A-MPR improvement for 29 dBm HPUE B41/n41 EN-DC.
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	Figure 2 A-MPR measurement results (dB) 
to meet -25 dBm/1MHz
	Figure 3 A-MPR measurement results (dB) 
to meet -30 dBm/1MHz



Similar to Figure 1, there is 1 dB difference between A-MPR measurement results of 10 dB antenna isolation and 13 dB antenna isolation in Figure 2 and Figure 3. From the A-MPR measurement result of -25 dBm/1MHz SEM limit, it can be observed that there is no room for potential improvement in the range between 2.7 MHz and 5.4 MHz aggregate allocation size if implementation margin is considered. Therefore, the new A-MPR curve for -25 dBm/1MHz SEM limit needs to be relaxed in the range between 2.7 MHz and 5.4 MHz aggregate allocation size. After 5.4 MHz aggregate allocation size, a new A-MPR curve can be improved compared to existing Rel-15 A-MPR curve. In Figure 3, it shows that the new A-MPR curve of -30 dBm/1MHz SE can be improved compared to existing Rel-15 intra-band contiguous MPR curve.

Observation 3: For -25 dBm/1MHz SEM limit, there is no room for potential improvement in the range between 2.7 MHz and 5.4 MHz aggregate allocation size if implementation margin is considered.
Observation 4: For -30 dBm/1MHz SE limit, it shows that the new A-MPR curve can be improved compared to existing Rel-15 intra-band contiguous MPR curve.
Intra-band non-contiguous B41/n41 EN-DC
As shown in Table 2, A-MPR measurement results for intra-band non-contiguous B41/n41 EN-DC are provided and the same assumptions and measurement procedures of intra-band contiguous case are used. When A-MPR is used to satisfy -25 dBm/1MHz SEM limit at carrier frequency which is less than 2490.5 MHz, this can be the worst case for intra-band non-contiguous case. That’s why A-MPR measurement result of -25 dBm/1MHz (f<2490.5) SEM limit are provided in this contribution instead of A-MPR measurement of -13 dBm/1MHz SEM limit. From the measurement results with 10 dB antenna isolation, 14 dB, 12 dB, and 15 dB A-MPR values are required to satisfy -25 dBm/MHz (f < 2490.5 MHz) of NS_04 additional spurious emissions, -25 dBm/MHz of NS_04 SEM, and -30 dBm/MHz of general spurious emissions, respectively. To find new A-MPR curves of intra-band non-contiguous, the A-MPR measurement results are plotted in Figure 4, 5, and 6.
Table 2 A-MPR measurement results for intra-band non-contiguous B41/n41 EN-DC
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20 MHz
	NR
40/50/60/80/100 MHz
	Total
UL RB
BW
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	LGE Test Results
(@Ant Isolation 10dB)
Tx power back-off [dB]
	LGE Test Results
(@Ant Isolation 13dB)
Tx power back-off [dB]

	SCS
	Transmitted
RB
	SCS
	Transmitted
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	NS_04
Additional
spurious
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	NS_04/
General
SEM
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emissions
	NS_04
Additional
spurious
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	NS_04/
General
SEM
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	-25dBm/MHz
f < 2490.5
	-25dBm/
MHz
	-30dBm/
MHz
	-25dBm/
MHz
f < 2490.5
	-25dBm/
MHz
	-30dBm/
MHz

	15KHz
	1
	30KHz
	1
	0.54
	14
	12
	15
	13
	11
	14

	15KHz
	5
	30KHz
	5
	2.7
	13
	10
	14
	12
	9
	13

	15KHz
	10
	30KHz
	10
	5.4
	12
	9
	12
	11
	8
	11

	15KHz
	15
	30KHz
	15
	8.1
	11
	8
	12
	10
	7
	11

	15KHz
	20
	30KHz
	20
	10.8
	10
	7
	11
	9
	6
	10

	15KHz
	25
	30KHz
	25
	13.5
	9
	6
	11
	8
	5
	10

	15KHz
	30
	30KHz
	30
	16.2
	9
	6
	10
	8
	5
	9

	15KHz
	35
	30KHz
	35
	18.9
	9
	6
	10
	8
	4
	9

	15KHz
	40
	30KHz
	40
	21.6
	8
	6
	10
	7
	4
	9

	15KHz
	45
	30KHz
	45
	24.3
	8
	5
	9
	7
	3
	8

	15KHz
	50
	30KHz
	50
	27
	8
	5
	9
	7
	3
	8
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Figure 4 A-MPR measurement results (dB) to meet -25 dBm/1MHz when f < 2490.5 MHz

Similar to intra-band contiguous case, it can be observed that there is 1 dB difference between all the A-MPR measurement results of 10 dB antenna isolation and 13 dB antenna isolation in intra-band non-contiguous case. For defining a new A-MPR curve, the measurement result of 10 dB antenna isolation is used since the worst case needs to be considered. In Figure 4, there are two measurement points that cannot be met -25 dBm/1MHz SEM limit if implementation margin is considered. Therefore, relaxing these two regions is needed and Other than these two regions, the A-MPR measurement result of -25 dBm/1MHz SEM limit when f < 2490.5 MHz shows room for potential improvement.

Observation 5: For -25 dBm/1MHz when carrier frequency is less than 2490.5 MHz, there are two measurement points that cannot be met -25 dBm/1MHz SEM limit if implementation margin is considered. Other than these two regions, the A-MPR measurement result of -25 dBm/1MHz SEM limit when f < 2490.5 MHz shows room for potential improvement.
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	Figure 5 A-MPR measurement results (dB) 
to meet general -25 dBm/1MHz

	Figure 6 A-MPR measurement results (dB) 
to meet general -30 dBm/1MHz




In Figure 5 and Figure 6, there is enough room for potential A-MPR improvement even if implementation margin is considered.

Observation 6: For both general -25 dBm/1MHz SEM and -30 dBm/1MHz SE limits, there is enough room for potential A-MPR improvement even if implementation margin is considered.

Observation 7: In Figure 6, the A-MPR measurement result of -30 dBm/1MHz SE does not consider UE co-existence of B30 case which is the worst case that needs higher required A-MPR values than general spurious emissions. Since the UE co-existence of B30 is considered merely in the U.S region and FCC limits the general spurious emission as -25 dBm/1MHz, our measurement results are not applicable to the U.S region. 
New A-MPRs for 29dBm HPUE B41/n41 EN-DC
In this section, new A-MPR curves for 29 dBm HPUE B41/n41 EN-DC are proposed based on the measurement results. There are different colors of A-MPR curves in Figures below. The red curves represent existing Rel-15 A-MPR or MPR for 26 dBm B41/n41 EN-DC and the blue dot shows the actual measurement results of A-MPR with the antenna isolation value of 10 dB which is the worst case. Compare two different curves of existing Rel-15 A-MPR and the actual A-MPR measurement results, regions of potential improvement and potential relaxation can be defined as orange and green, respectively. After analyzing all the curves, new A-MPR values and curves of 29 dBm HPUE B41/n41 EN-DC for intra-band contiguous/non-contiguous can be defined. For the intra-band contiguous case, new A-MPR curves to meet -13 dBm/1MHz, -25 dBm/1MHz, and -30 dBm/1MHz limits are shown in Figure 7, 8, and 9, respectively. From the proposed curves, new A-MPRs for IM3s applied to transmission on the MCG and the SCG with non-contiguous resource allocation can be defined as follows:
<A-MPR for NS_04 to meet -13 dBm/1MHz for 29 dBm HPUE>
A-MPRIM3 = MA
Where MA is defined as follows:
MA = 
9; 0   Aggregate Allocation Size (MHz)  1.0
8; 1.0  Aggregate Allocation Size (MHz)  5.4
6; 5.4   Aggregate Allocation Size (MHz)  8.1
5; 8.1   Aggregate Allocation Size (MHz)  13.5
4; 13.5  Aggregate Allocation Size (MHz)
<A-MPR for NS_04 to meet -25 dBm/1MHz for 29 dBm HPUE>
A-MPRIM3 = MA
Where MA is defined as follows:
MA = 
15; 0    Aggregate Allocation Size (MHz)  1.0
14; 1.0   Aggregate Allocation Size (MHz)  5.0
13; 5.0   Aggregate Allocation Size (MHz)  8.1
12; 8.1   Aggregate Allocation Size (MHz)  10.8
11; 10.8  Aggregate Allocation Size (MHz)  13.5
10; 13.5  Aggregate Allocation Size (MHz)  21.6
9; 21.6   Aggregate Allocation Size (MHz) 
<A-MPR to meet general -30 dBm/1MHz for 29 dBm HPUE>
A-MPRIM3 = MA
Where MA is defined as follows:
MA = 
8; 0    Aggregate Allocation Size (MHz)  2.0
6; 2.0   Aggregate Allocation Size (MHz)  5.4
5; 5.4   Aggregate Allocation Size (MHz)  8.1
4; 8.1   Aggregate Allocation Size (MHz)  10.8
3; 10.8  Aggregate Allocation Size (MHz)  16.2
2; 16.2  Aggregate Allocation Size (MHz)
For intra-band non-contiguous case, new A-MPR curves to meet -25 dBm/1MHz when the carrier frequency is less than 2490.5 MHz, -25 dBm/1MHz, and general -30 dBm/1MHz limits are shown in Figure 10,11, and 12, respectively. From the proposed curves, new A-MPRs for IM3s applied to transmission on the MCG and the SCG with non-contiguous resource allocation can be defined as follows:
<A-MPR for NS_04 to meet -25 dBm/1MHz when f < 2490.5 MHz for 29 dBm HPUE>
A-MPRIM3 = MA
Where MA is defined as follows:
MA = 
15; 0    Aggregate Allocation Size (MHz)  1.0
14; 1.0   Aggregate Allocation Size (MHz)  5.0
13; 5.0   Aggregate Allocation Size (MHz)  8.1
12; 8.1   Aggregate Allocation Size (MHz)  10.8
11; 10.8  Aggregate Allocation Size (MHz)  13.5
10; 13.5  Aggregate Allocation Size (MHz)  21.6
9; 21.6   Aggregate Allocation Size (MHz) 
<A-MPR for NS_04 to meet -25 dBm/1MHz for 29 dBm HPUE>
A-MPRIM3 = MA
Where MA is defined as follows:
MA = 
13; 0   Aggregate Allocation Size (MHz)  2.7
11; 2.7  Aggregate Allocation Size (MHz)  5.0
10; 5.0  Aggregate Allocation Size (MHz)  10.8
9; 10.8  Aggregate Allocation Size (MHz) 
<A-MPR to meet general -30 dBm/1MHz for 29 dBm HPUE>
A-MPRIM3 = MA
Where MA is defined as follows:
MA = 
16; 0   Aggregate Allocation Size (MHz)  2.7
15; 2.7  Aggregate Allocation Size (MHz)  5.4
13; 5.4  Aggregate Allocation Size (MHz)  10.8
12; 10.8  Aggregate Allocation Size (MHz)  16.2
11; 16.2  Aggregate Allocation Size (MHz) 
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	Figure 7 Proposed A-MPR curve 
to meet -13 dBm/1MHz
	Figure 8 Proposed A-MPR curve 
to meet -25 dBm/1MHz
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	Figure 9 Proposed A-MPR curve 
to meet -30 dBm/1MHz
	Figure 10 Proposed A-MPR curve 
to meet -25 dBm/1MHz when f < 2490.5 MHz
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	Figure 11 Proposed A-MPR curve 
to meet -25 dBm/1MHz
	Figure 12 Proposed A-MPR curve 
to meet -30 dBm/1MHz
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Conclusions
Observation 1: There is 1 dB difference between A-MPR measurement results of 10 dB antenna isolation and 13 dB antenna isolation.
Observation 2: There is one measurement point that cannot be met -13 dBm/1MHz SEM if implementation margin is considered. Other than that, the A-MPR measurement result of 10 dB antenna isolation shows room for potential A-MPR improvement for 29 dBm HPUE B41/n41 EN-DC.
Observation 3: For -25 dBm/1MHz SEM limit, there is no room for potential improvement in the range between 2.7 MHz and 5.4 MHz aggregate allocation size even if implementation margin is not considered.
Observation 4: For -30 dBm/1MHz SEM limit, it shows that the new A-MPR curve can be improved compared to existing Rel-15 intra-band contiguous MPR curve.
Observation 5: For -25 dBm/1MHz when carrier frequency is less than 2490.5 MHz, there are two measurement points that cannot be met -25 dBm/1MHz SEM limit if implementation margin is considered. Other than these two regions, the A-MPR measurement result of -25 dBm/1MHz SEM limit when f < 2490.5 MHz shows room for potential improvement.
 
Observation 6: For both general -25 dBm/1MHz SEM and -30 dBm/1MHz SE limits, there is enough room for potential A-MPR improvement even if implementation margin is considered.

Observation 7: In Figure 6, the A-MPR measurement result of -30 dBm/1MHz SE does not consider UE co-existence of B30 case which is the worst case that needs higher required A-MPR values than general spurious emissions. Since the UE co-existence of B30 is considered merely in the U.S region and FCC limits the general spurious emission as -25 dBm/1MHz, our measurement results are not applicable to the U.S region. 

Proposal 1: It is proposed to use new A-MPR values and curves from the section 4 for 29dBm HPUE B41/n41 EN-DC intra-band contiguous/non-contiguous in Rel-16.
Reference
[1] R4-1907495, “Way Forward on B41/n41 A-MPR assumptions,” Sprint, Skyworks
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