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1. Introduction

In this contribution, a study on MPR and A-MPR required for the Band 41 HPUE is provided.
2. Discussion  
A careful study of MPR and A-MPR is essential for HPUE.  Since the HPUE transmits with 3 dB higher output power, the emission requirements particularly those with absolute power limits become more challenging to meet.  The challenge is exacerbated by the sparse availability of components operating at higher power and by the necessity to explore multiple implementation options, for example, ET and APT operated PA’s.  The general approach applied here is to consider a PA sized to meet gain and output power requirements to deliver 26 dBm at the antenna port for a worst case front-end line-up while meeting the ACLR requirement.  As a working assumption, the ACLR requirement used in the evaluation of this paper is in accordance with the way forward [1]; in other words, the ACLR is assumed to be 31 dB for E-UTRA.  We assume a post-PA loss of 5.5 dB for the UE that supports multiple CA combinations with a shared antenna and shared high frequency band PA.  This PA was operated in APT mode with its supply voltage overdriven to achieve the necessary gain and output power.  Only measurements of a single PA were taken and a measurement-based simulation model was generated.  We compare the results obtained in this paper against those reported in [2].  Note that this PA was not benchmarked in class 3 operation since it is assumed that a class 2 PA will be required to meet class 3 requirements when operated in such a manner.
2.1. MPR
First, the MPR is evaluated.  With the PA linearity set to meet ACLR, backoff is checked against the existing MPR allowance to meet the UE general spectrum emission mask, spurious emissions, and EVM requirements for all modulation types including QPSK, 16QAM, and 64QAM for contiguous allocations.  Based on this, our conclusion is that the existing MPR allowance is sufficent for the HPUE, when simultaneously meeting ACLR of 31 dB, to meet general SEM and spurious emissions.  No modification of MPR is required for the HPUE for contiguous allocations.  For non-contiguous resource allocations, the MPR for HPUE has not yet been evaluated.

2.2. A-MPR
Next, the A-MPR is evaluated.  In Band 41, A-MPR is allowed when the network signals NS_04 indicating that the UE is required to meet more stringent emission requirements to comply with regulatory limits for the particular deployment.  For the existing class 3 NS_04 A-MPR, it can be seen [3] that for each channel bandwidth, there is a cutoff frequency at the lower part of the band above which no A-MPR is allowed.  The cutoff frequency is 2499.5 MHz, 2504 MHz, 2510.8 MHz, and 2517.5 MHz for 5, 10, 15, and 20 MHz channels relative to the carrier center frequency.  The reason for this behavior is that A-MPR is only allowed for the additional spurious emission requirement below the band given in Table 6.6.3.3.19-1 of TS 36.101.  The NS_04 spectrum emission mask of Table 6.6.2.2.2-1 is expected to be met without A-MPR.  The A-MPR for lower channels below the cutoff frequency is first evaluated by meassurements.
Table 1.  A-MPR for 5 MHz lower channels

	Waveform Number
	Rbstart
	L_crb
	MPR
	A-MPR
	A-MPR from [2]

	1
	0
	1
	0
	0
	0

	2
	0
	2
	0
	0.3
	0

	3
	1
	3
	0
	0.3
	0

	4
	0
	3
	0
	1.2
	0

	5
	0
	4
	0
	1.4
	0

	6
	0
	5
	0
	2.2
	0

	7
	2
	5
	0
	0.2
	0

	8
	3
	5
	0
	0.3
	0

	9
	0
	6
	0
	2.3
	1

	10
	3
	6
	0
	0.2
	0

	11
	0
	8
	0
	2.3
	2

	12
	4
	8
	0
	0.5
	0

	13
	5
	8
	0
	0
	0

	14
	0
	10
	1
	1.9
	1

	15
	3
	10
	1
	1
	0

	16
	4
	10
	1
	0.6
	0

	17
	0
	12
	1
	1.5
	1

	18
	0
	15
	1
	1.5
	1

	19
	2
	15
	1
	1
	0

	20
	4
	15
	1
	0.5
	0

	21
	5
	15
	1
	0.2
	0

	22
	6
	15
	1
	0
	0

	23
	8
	16
	1
	0
	0

	24
	6
	16
	1
	0.2
	0

	25
	0
	18
	1
	1
	1

	26
	3
	18
	1
	0.5
	0

	27
	4
	18
	1
	0.1
	0

	28
	0
	20
	1
	1
	1

	29
	5
	20
	1
	0.5
	0

	30
	3
	20
	1
	0.7
	0

	31
	0
	24
	1
	1
	1

	32
	1
	24
	1
	1
	1

	33
	0
	25
	1
	1
	1


Table 2.  A-MPR for 10 MHz lower channels

	Waveform Number
	Rbstart
	L_crb
	MPR
	A-MPR
	A-MPR from [2]

	1
	0
	1
	0
	2.7
	3

	2
	6
	1
	0
	0
	0

	3
	0
	10
	0
	2
	2

	4
	0
	20
	1
	1
	1

	5
	8
	20
	1
	0
	0

	6
	9
	20
	1
	0
	0

	7
	0
	40
	1
	1.6
	3

	8
	0
	50
	1
	2.2
	3

	9
	23
	27
	1
	0
	0

	10
	10
	40
	1
	0
	0

	11
	0
	12
	0
	2
	2

	12
	6
	12
	0
	0
	0

	13
	5
	40
	1
	0.5
	3

	14
	0
	36
	1
	1
	3

	15
	5
	36
	1
	0.5
	0

	16
	0
	30
	1
	1
	0

	17
	0
	24
	1
	1
	1

	18
	5
	20
	1
	1
	0

	19
	0
	15
	1
	1
	1

	20
	4
	15
	1
	0.5
	0

	21
	5
	1
	0
	2.5
	3

	22
	0
	48
	1
	2
	3

	23
	0
	45
	1
	2
	3

	24
	5
	45
	1
	1.5
	3


Table 3.  A-MPR for 15 MHz lower channels

	Waveform Number
	Rbstart
	L_crb
	MPR
	A-MPR
	A-MPR from [2]

	1
	0
	1
	0
	2.8
	3

	2
	14
	1
	0
	0
	0

	3
	0
	10
	0
	1.6
	2

	4
	0
	20
	1
	1
	1

	5
	0
	30
	1
	0.9
	0

	6
	0
	40
	1
	1.4
	3

	7
	0
	50
	1
	2
	3

	8
	0
	60
	1
	2.5
	2

	9
	0
	75
	1
	2.6
	2

	10
	15
	60
	1
	1.2
	2

	11
	12
	50
	1
	0.7
	2

	12
	12
	10
	0
	0
	1

	13
	0
	72
	1
	2.5
	3

	14
	3
	72
	1
	2.5
	3

	15
	0
	64
	1
	2.5
	3

	16
	11
	64
	1
	1.6
	2

	17
	0
	54
	1
	2.2
	2

	18
	17
	54
	1
	0.2
	1

	19
	13
	50
	1
	0.2
	1

	20
	4
	40
	1
	0.7
	1

	21
	0
	36
	1
	1
	2

	22
	3
	36
	1
	0.3
	0

	23
	0
	15
	0
	1.9
	2

	24
	0
	16
	0
	1.9
	2

	25
	0
	18
	1
	1
	1

	26
	13
	1
	0
	1.8
	2

	27
	11
	12
	0
	0
	0

	28
	6
	16
	0
	1
	1

	29
	9
	16
	0
	0.7
	0

	30
	5
	18
	1
	0.6
	0

	31
	6
	6
	0
	2.3
	3

	32
	12
	6
	0
	0.7
	1

	33
	12
	2
	0
	2.9
	3

	34
	13
	2
	0
	0.4
	0


Table 4.  A-MPR for 20 MHz lower channels

	Waveform Number
	Rbstart
	L_crb
	MPR
	A-MPR
	A-MPR from [2]

	1
	0
	1
	0
	2.2
	3

	2
	0
	6
	0
	1.8
	2

	3
	19
	6
	0
	1.1
	1

	4
	20
	6
	0
	0.3
	0

	5
	0
	10
	0
	1.2
	2

	6
	10
	10
	0
	1.2
	2

	7
	19
	10
	0
	0.3
	1

	8
	0
	15
	0
	1.2
	2

	9
	17
	15
	0
	0.3
	1

	10
	0
	18
	0
	1.3
	2

	11
	15
	18
	0
	0.4
	1

	12
	17
	18
	0
	0.3
	1

	13
	0
	30
	1
	0.8
	1

	14
	6
	30
	1
	0.6
	1

	15
	0
	36
	1
	0.8
	1

	16
	6
	36
	1
	0.6
	0

	17
	0
	40
	1
	1.2
	3

	18
	4
	40
	1
	0.6
	0

	19
	0
	45
	1
	1.7
	3

	20
	5
	45
	1
	1
	3

	21
	8
	45
	1
	0.5
	0

	22
	0
	50
	1
	2
	3

	23
	8
	50
	1
	1.3
	3

	24
	0
	60
	1
	2.3
	3

	25
	16
	60
	1
	1
	3

	26
	20
	60
	1
	0.5
	2

	27
	0
	64
	1
	2.3
	3

	28
	22
	64
	1
	0.7
	2

	29
	36
	64
	1
	0
	0

	30
	26
	64
	1
	0
	0

	31
	25
	64
	1
	0.1
	1

	32
	0
	72
	1
	2.3
	3

	33
	28
	72
	1
	0.8
	3

	34
	0
	80
	1
	2.4
	2

	35
	20
	80
	1
	1.7
	2

	36
	0
	90
	1
	2.4
	2

	37
	10
	90
	1
	2.2
	2

	38
	0
	100
	1
	2.3
	2


In addition to the measurements taken, numerical calculation of A-MPR for discrete LO and IQ image folding products where they intersect the frequency range below 2490.5 MHz (-25 dBm/MHz emission limit applies) reveals that A-MPR of 5 dB is required of the HPUE.

Simulations were also conducted, results of which are shown below.
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Thirdly, the cutoff frequencies themselves are evaluated.  The table below shows the emissions with fully allocated waveforms (MPR = 1 dB) against the emission limit specified in Table 6.6.3.3.19-1 of TS 36.101.

Table 5.  Emission measurements at the cutoff frequency between channels requiring A-MPR and channels not requiring A-MPR

	BW (MHz)
	Fc (MHz)
	Test frequency (MHz)
	Measured emission (dBm/MHz)
	Spec limit (dBm/MHz)

	5
	2499.5
	2495.5
	-11.4 
	-13

	
	
	2490
	-31.7
	-25

	
	2500.5
	2495.5
	-13.3
	-13

	10
	2504
	2495.5
	-23
	-13

	
	
	2490
	-27.8
	-25

	15
	2510.8
	2495.5
	-34.5
	-13

	
	
	2490
	-40.5
	-25

	20
	2517.5
	2495.5
	-35
	-13

	
	
	2490
	-36.3
	-25


It can be seen in the measurements that all bandwidth, except for 5 MHz highlighted in the table above, can retain the same cutoff frequency for class 2 HPUE as for class 3.  However, for the 5 MHz, it is suggested to extend the cutoff frequency by 1 MHz, from 2499.5 MHz to 2500.5 MHz to meet the close-in emission requirement of -13 dBm/MHz without the need for A-MPR backoff.  Moreover, for the sake of consistency, it is proposed to extend the cutoff frequency by 1 MHz for the class 3 A-MPR table as well.  In an actual network deployment where there are expected to be mixed class 2 and class 3 devices, they will operate on the same channel so there is no benefit to having a different cutoff frequency for HPUE class 2 vs. class 3.
Based on the measurements, simulations, and analysis provided in this contribution as well as the simulation results provided in [2], the following A-MPR tables are proposed.  The class 3 table has been modified to extend the 5 MHz cutoff frequency by 1 MHz and a new class 2 A-MPR table is generated with the same format as the class 3 table.  Several of the entries in the class 2 table have larger A-MPR values as highlighted in the table for the HPUE to be able to meet emission limits below the band.
Table 6.2.4-4: A-MPR requirements for "NS_04" with bandwidth >5MHz (class 3)

	Channel bandwidth [MHz]
	Parameters



	5
	Fc [MHz]
	≤ 2500.5
	> 2500.5

	
	RBstart
	0 – 8
	9 - 24
	0 - 24

	
	LCRB [RBs]
	> 0
	> 0
	> 0

	
	A-MPR [dB]
	≤ 2
	0
	0

	10
	Fc [MHz]
	≤ 2504
	> 2504

	
	RBstart
	0 - 8
	9 - 35
	36 - 49
	0 - 49

	
	LCRB [RBs]
	≤ 15
	> 15 and < 25
	≥ 25
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	≥ 45
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 3
	≤ 1
	≤ 2
	≤ 1
	0
	0

	15
	Fc [MHz]
	≤ 2510.8
	> 2510.8

	
	RBstart
	0 - 13
	14 – 59
	60 – 74
	0 - 74

	
	LCRB [RBs]
	≤ 18 
	> 18 and < 36
	≥ 36
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	≥ 62
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 3
	≤ 1
	≤ 3
	≤ 1
	0
	0

	20
	Fc [MHz]
	≤ 2517.5
	> 2517.5

	
	RBstart
	0 – 22
	23 – 76
	77 – 99
	0 - 99

	
	LCRB [RBs]
	≤ 18 
	> 18 and < 40
	≥ 40
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	≥ 86
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 3
	≤ 1
	≤ 3
	≤ 1
	0
	0

	
	NOTE 1:
RBstart indicates the lowest RB index of transmitted resource blocks

NOTE 2:
LCRB is the length of a contiguous resource block allocation

NOTE 3:
For intra-subframe frequency hopping which intersects regions, notes 1 and 2 apply on a per slot basis
NOTE 4:
For intra-subframe frequency hopping which intersects regions, the larger A-MPR value may be applied for both slots in the subframe


Table 6.2.4-4a: A-MPR requirements for "NS_04" with bandwidth >5MHz (class 2)
	Channel bandwidth [MHz]
	Parameters



	5
	Fc [MHz]
	≤ 2500.5
	> 2500.5

	
	RBstart
	0 - 8
	9 - 24
	0 - 24

	
	LCRB [RBs]
	> 0
	> 0
	> 0

	
	A-MPR [dB]
	≤ 3
	0
	0

	10
	Fc [MHz]
	≤ 2504
	> 2504

	
	RBstart
	0 – 8
	
	9 - 35
	36 - 49
	0 - 49

	
	LCRB [RBs]
	≤ 15
	> 15 and < 25
	≥ 25
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	≥ 45
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 5
	≤ 2
	≤ 3
	≤ 1
	0
	0

	15
	Fc [MHz]
	≤ 2510.8
	> 2510.8

	
	RBstart
	0 – 13
	14 – 59
	60 – 74
	0 - 74

	
	LCRB [RBs]
	≤ 18
	> 18 and < 36
	≥ 36
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	≥ 62
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 5
	≤ 2
	≤ 4
	≤ 3
	0
	0

	20
	Fc [MHz]
	≤ 2517.5
	> 2517.5

	
	RBstart
	0 – 22
	
	23 – 76
	77 – 99
	0 - 99

	
	LCRB [RBs]
	≤ 18 
	> 18 and < 40
	≥ 40
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	≥ 86
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 5
	≤ 2
	≤ 4
	≤ 3
	0
	0

	
	NOTE 1:
RBstart indicates the lowest RB index of transmitted resource blocks

NOTE 2:
LCRB is the length of a contiguous resource block allocation

NOTE 3:
For intra-subframe frequency hopping which intersects regions, notes 1 and 2 apply on a per slot basis
NOTE 4:
For intra-subframe frequency hopping which intersects regions, the larger A-MPR value may be applied for both slots in the subframe


3. Conclusion
Preliminary MPR and A-MPR results have been provided in this contribution.  It has been estimated that no MPR is needed beyond that already provided for class 3 operation for contiguously allocated uplink waveforms.  In other words, for deployments where NS_04 is not signaled and additional emission requirements do not apply, the increase in maximum output power for the HPUE can be fully utilized in configured maximum output power (Pcmax) for contiguously allocated waveforms.  For deployments where NS_04 is signaled, A-MPR has been estimated based on measurement, simuation, and calculation as well as previously reported simulation results in [2].  One desirable trait of the existing NS_04 A-MPR table is that additional backoff is only required for lower frequency channels so that the vast majority of channels can be transmitted at full power.  This trait is preserved for the HPUE.  An NS_04 A-MPR table for the HPUE is provided in this contribution.  The class 3 A-MPR table is also proposed to be slightly modified to mirror the format of the class 2 HPUE A-MPR table for consistency, to ease testability, and since any deployments if they exist in the lower portion of Band 41 may consist of both class 2 and class 3 devices in the interim unless and until class 2 devices reach ubiquity.
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