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1. Introduction
This contribution proposes MPR and A-MPR values for eLAA based on RAN4#80bis way forwards R4-168820 [1] and reuses the data presented in [2]. The proposal is based on a set of LTE, eLAA and WiFi measurement taken from a standard 5GHz WiFi PA.
2. Discussion
In the last RAN4#80bis meeting in Ljubljana multiple contributions addressed eLAA requirements in terms of MPR, A-MPR for a number of LTE and regulatory requirements [2-6] which resulted in a way forward [1] including all contributing companies. This way forward assumes that eLAA UE will use a power class 3 and LTE requirements for MPR, and A-MPR based on network signalling for different regions (US, Europe, Japan). This contribution reuses the data presented in [2] and proposes MPR and A-MPR according to [1]. It first discusses the valid eLAA waveforms as some inconstancies were found in the past including in [2] then provides input for MPR requirement. Finally A-MPR for the different regions are proposed after further discussion on PSD of eLAA interleaved waveforms.
2.1. Valid eLAA waveforms
Previous contributions [2-6] partially used interim RAN1 eLAA waveform designs including a number of non-contiguous allocations over 10RB. Final RAN1 design actually uses 51 contiguous allocations and 8 non-contiguous allocations over 10RB. Also, it only uses partial RB allocations that are a multiple of 2, 3 and 5 thus there is no 70RB allocation. The valid eLAA waveforms are presented in Table 1 bellow versus RBstart number of allocated RBs for contiguous and non-contiguous cases. This table will allow the study of the PSD of the different patterns as is especially needed for A-MPR requirements.
Table 1: Valid RB patterns for eLAA
	59 total interleaved waveforms

	NRB/Rbstart
	0
	1
	2
	3
	4

	
	5
	6
	7
	8
	9

	51 contiguous
	10
	1000000000
	0100000000
	0010000000
	0001000000
	0000100000

	
	
	0000010000
	0000001000
	0000000100
	0000000010
	0000000001

	
	20
	1100000000
	0110000000
	0011000000
	0001100000
	0000110000

	
	
	0000011000
	0000001100
	0000000110
	0000000011
	 

	
	30
	1110000000
	0111000000
	0011100000
	0001110000
	0000111000

	
	
	0000011100
	0000001110
	0000000111
	 
	 

	
	40
	1111000000
	0111100000
	0011110000
	0001111000
	0000111100

	
	
	0000011110
	0000001111
	 
	 
	 

	
	50
	1111100000
	0111110000
	0011111000
	0001111100
	0000111110

	
	
	0000011111
	 
	 
	 
	 

	
	60
	1111110000
	0111111000
	0011111100
	0001111110
	0000111111

	
	80
	1111111000
	0111111110
	0011111111
	 
	 

	
	90
	1111111110
	0111111111
	 
	 
	 

	
	100
	1111111111
	 
	 
	 
	 

	NRB/Rbstart
	0
	1
	2
	3
	4

	8 non contiguous 
	20
	1000010000
	0100001000
	0010000100
	0001000010
	0000100001

	
	40
	1100011000
	 
	 
	 
	 

	
	60
	 
	 
	0011100111
	 
	 

	
	80
	 
	0111101111
	 
	 
	 


2.2. MPR requirements

As agreed in [1], MPR requirements are to be derived for the general LTE requirement for a class 3 UE in band 46: since UTRA1 and 2 ACLR are not valid in band 46 it is related to EUTRA ACLR, SEM and EVM.
2.2.1. 0dB MPR reference
Since the partial RB allocations are different from LTE and result in MPR it is proposed that the 0dB MPR reference is for a fully allocated 100RB for 20MHz channel and 50RB for a 10MHz Channel.
Proposal 1: 0dB MPR reference is set for fully allocated RB 10MHz and 20MHz channels (respectively 50 and 100RB allocation)
2.2.2. Power class definition and tolerance.

The band 47 power class 3 for V2V/V2X operation has been defined with 23dBm +/-2dB. Since PA can be reused for both bands 46 and 47, it is proposed to define band 46 power class and tolerance using the same requirements than B47.
Proposal 2: Band 46 power class and tolerance reuses band 47 requirements (23dBm +/-2dB)
2.2.3. Raw PA LTE measurement results

The LTE measurements results are presented in Table 2 with reference to figures of the most significant measurements captured from the instrument in the Annex. The first column of the table has an identification number for the row that will be used for the discussion. Since it is not practical to make measurements for all possible waveforms, only the two corner cases for 20MHz channel have been measured: full 100RB allocation (0dB MPR) and 10RB interleaved waveform (max MPR). For EVM measurements, special 10RB waveform is used as explained in [2], [4]. For convenience, the measurement plots are provided in Annex. PA dimensioning is such that 3.2dB post PA insertions loss are assumed.
Table 2: WiFi PA LTE measurement results for eLAA waveforms
	measurement setup
	measurement results

	#
	Waveform
	mod
	pass/fail criteria
	value
	PA Pout [dBm]
	antenna Pout [dBm]
	LTE ACLR EUTRA/ UTRA1/2 [dBc]
	LTE SEM
	EVM
	Fig.
	MPR

	1
	18RB0*
	QPSK
	UTRA1
	-33dBc
	27.2
	24
	-35/-33/-44
	4.2
	na
	 1
	 

	2
	18RB0*
	QPSK
	SEM
	PASS
	26.5
	23.3
	 
	0.0
	na
	 2
	 

	3
	100RB
	QPSK
	EUTRA1
	-30dBc
	26.2
	23
	-30.4/-34/-36
	-1.2
	5.4%
	 3
	0.0

	4
	10/100RB0
	QPSK
	EUTRA1
	-30dBc
	25.5
	22.3
	-30/-32/-35
	1.4
	 
	 6
	0.7

	5
	10/100RB0
	QPSK
	SEM
	PASS
	25.3
	22.1
	-31.7/-34/-37
	-0.8
	 
	 10
	0.9

	6
	10/100RB5
	QPSK
	EUTRA1
	-30dBc
	25.5
	22.3
	-30
	 
	 
	 11
	0.7

	7
	10/100RB0
	16QAM
	EUTRA1
	-30
	25.2
	22
	-30
	 
	 
	 12
	1

	8
	10/100RB0
	64QAM
	EUTRA1
	-30
	25.2
	22
	-30
	 
	 
	 13
	1

	9
	11-1/100RB
	QPSK
	QPSK EVM
	<8%
	25.5
	22.3
	 
	 
	5.8%
	 14
	0.7

	10
	11-1/100RB
	QPSK
	16QAM EVM
	<6%
	25.5
	22.3
	 
	 
	5.8%
	 14
	0.7

	11
	11-1/100RB
	QPSK
	64QAM EVM
	<5%
	25.5
	22.3
	 
	 
	5.8%
	 
	0.7

	12
	11-1/100RB
	QPSK
	64QAM EVM
	<5%
	25
	21.8
	 
	 
	4.8%
	 15
	1.2

	13
	11-1/100RB
	QPSK
	256QAM EVM
	<1.85%
	23
	19.8
	 
	 
	1.8%
	 16
	3.2

	*for reference only, a not valid eLAA waveform due to PSD
	


Note on SEM measurements: the failed LTE SEM for the interleaved waveform when at EUTRA ACLR limit was investigated further and were due to spectral splatter at waveform repetitions. 
Observation 1: 
· MPR is needed for interleaved waveforms for QPSK

· MPR is defined by EUTRA ACLR for QPSK and 16QAM interleaved waveforms and is <1dB

· MPR for 64QAM is around 1dB MPR defined by both EVM and EUTRA ACLR

· MPR for 256QAM is 3.2dB and consistent with the LTE 3.7dB MPR Skyworks observed since the difference between the eLAA full allocation 0dB MPR reference and LTE 18RB reference is 0.5dB
· Other interleaved waveforms with RB allocation >10RB will require MPR compared to full allocation but less than the worst case 10RB.

At first look, it may seem surprising that there is no difference between QPSK, 16QAM and 64QAM for interleaved waveforms, however, there are two aspects to consider:

· First, the reference is now full RB allocation which would be allowed 1dB MPR in LTE

· Second, the PAPR of the interleaved waveforms is dominated by the multiple tone nature of the waveform and thus modulation order has less influence until 256QAM where the 1.85% EVM requirement is far more stringent than the EUTRA ACLR requirement.
Proposal 3: the following MPR table is proposed for 20MHz eLAA channel
	Modulation
	RB allocation

	
	10, 20, 30, 40, 50, 60, 80, 90RB
	100RB

	QPSK
	≤ 1dB
	0dB

	16QAM
	≤ 1dB
	≤ 1dB

	64QAM
	≤ 1dB
	≤ 2dB

	256QAM
	≤ 3.5dB
	≤ 3.5dB


2.3. A-MPR requirements

2.3.1. SEM Masks

For our measurements we used the IEEE mask which is more demanding than ETSI mask in the +/-11MHz range around the channel center as can be seen from Figure A, the ETSI mask is more stringent at higher frequency offset (figure B) but is easily met as can be seen from our ACLR2 measurements in the A-MPR measurements table.
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Figure A: IEEE mask (red) and ETSI mask (blue) close view
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Figure B: ETSI mask full bandwidth

2.3.2. PSD in 1MHz for eLAA waveforms
From our previous measurements we were able to see that all regional requirements could be met in terms of SEM masks and ACLR2 but adjustments are required to meet the regional PSD requirements. The following Table 3 provides calculations for the relative PSDs of all the different valid eLAA waveform patterns.
Table 3: eLAA waveforms PSDs in 1MHz

	
	
	
	interleaved pattern
	
	
	
	

	
	RB number
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	….

	
	RB BW[MHz]
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18
	….

	
	freq [MHz]
	0.18
	0.36
	0.54
	0.72
	0.9
	1
	1.08
	1.26
	1.44
	1.62
	1.8
	1.98
	2
	2.16
	….

	
	 

	
	NRB
	dBc/ tone
	1MHz res BW
	1MHz res BW
	 
	 

	contiguous
	10
	0.0
	0.0
	
	
	
	
	
	
	
	
	
	
	0.0
	
	
	….

	
	20
	-3.0
	-3.0
	-3.0
	
	
	
	
	
	
	
	
	
	-3.0
	-12.6
	-3.5
	….

	
	30
	-4.8
	-4.8
	-4.8
	-4.8
	
	
	
	
	
	
	
	
	-4.8
	-14.3
	-5.3
	….

	
	40
	-6.0
	-6.0
	-6.0
	-6.0
	-6.0
	
	
	
	
	
	
	
	-6.0
	-15.6
	-6.5
	….

	
	50
	-7.0
	-7.0
	-7.0
	-7.0
	-7.0
	-7.0
	
	
	
	
	
	
	-7.0
	-16.5
	-7.5
	….

	
	60
	-7.8
	-7.8
	-7.8
	-7.8
	-7.8
	-7.8
	-10.3
	-11.3
	
	
	
	
	-7.8
	-17.3
	-8.3
	….

	
	80
	-9.0
	-9.0
	-9.0
	-9.0
	-9.0
	-9.0
	-11.6
	-12.6
	-9.0
	-9.0
	
	
	-9.0
	-18.6
	-9.5
	….

	
	90
	-9.5
	-9.5
	-9.5
	-9.5
	-9.5
	-9.5
	-12.1
	-13.1
	-9.5
	-9.5
	-9.5
	-
	-9.5
	-19.1
	-10.1
	….

	
	100
	-10.0
	-10
	-10
	-10
	-10
	-10
	-12.6
	-13.5
	-10
	-10
	-10
	-10
	-10
	-19.5
	-10.5
	….

	Non-contiguous
	20
	-3.0
	-3.0
	
	
	
	
	-5.6
	-6.5
	
	
	
	
	-3.0
	
	
	….

	
	40
	-6.0
	-6.0
	-6.0
	
	
	
	-8.6
	-9.5
	-6.0
	
	
	
	-6.0
	-15.6
	-6.5
	….

	
	60
	-7.8
	-7.8
	-7.8
	-7.8
	
	
	-10.3
	-11.3
	-7.8
	-7.8
	
	
	-7.8
	-17.3
	-8.3
	….

	
	80
	-9.0
	-9.0
	-9.0
	-9.0
	-9.0
	
	-11.6
	-12.6
	-9.0
	-9.0
	-9.0
	
	
	-18.6
	-9.5
	….

	
	 

	
	NRB
	dBc/ MHz
	1MHz res BW
	1MHz res BW
	PSD[dBc]

	contiguous
	10
	0
	0
	0
	2.6

	
	20
	0
	0
	-2.55
	2.6

	
	30
	0
	0
	-4.31
	2.6

	
	40
	0
	0
	-5.56
	2.6

	
	50
	0
	0
	-6.53
	2.6

	
	60
	-0.33
	-0.33
	-5.86
	2.2

	
	80
	-1.58
	-1.58
	-3.52
	1.0

	
	90
	-2.09
	-2.09
	-2.95
	0.5

	
	100
	-2.55
	-2.55
	-2.55
	0.0

	Non-contiguous
	20
	-1.09
	-1.09
	-1.41
	1.5

	
	40
	-1.94
	-1.94
	-1.94
	0.6

	
	60
	-2.27
	-2.27
	-2.27
	0.3

	
	80
	-2.44
	-2.44
	-3.52
	0.1


Observations 2:

· It can be observed that all interleaved waveforms exhibits a higher PSD than the fully allocated 100RB waveform
· The maximum PSD increase of 2.6dB is observed for contiguous RB allocations of 10 to 50RB

· 80RB and 90RB contiguous and 40/60/80RB non-contiguous waveforms see less than 1dB PSD increase

This last observation is fairly consistent with PSD measurements in [2] where 14dBm/MHz is measured for a 100RB waveform at 26.2dBm and 14.9dBm/MHz is measured for a 10RB interleaved waveform at 25.5dBm. The delta is 0.9dB power difference + 1.3dB PSD difference.
2.3.3. Raw PA regional measurement results

Table 4 presents both the LTE and regional measurements as already provided in [2] and shows that the only limiting regional requirement is the PSD of 11dBm/MHz in region 2 and of 10dBm/MHz in region 1 and Japan.

Japan ACLR2 requirement is easily met and ETSI mask most stringent requirement of -47dBc is almost met in the ACLR2 region and the decaying insures that the ETSI mask is met in its entire range (see Figure 4 and 5 in annex).

It also calculates the related PSD in 1MHz at the antenna and then calculates the A-MPR required for the different cases
Table 4: LTE and regional band 46 measurements

	measurement setup
	LTE requirements
	Regional requirements
	A-MPR

	Waveform
	pass/fail criteria
	LTE ACLR EUTRA [dBc]
	EVM
	MPR [dB]
	EUTRA ACLR2 [dBc]
	IEEE/ ETSI SEM
	Ant Pout [dBm]
	Ant PSD [dBm/ MHz]
	AMPR FCC [dB]
	AMPR ETSI/ Japan [dB]

	100RB
	EUTRA1
	-30.4
	5.4%
	0.0
	-46.4
	-0.4
	23
	10.45
	-0.55
	0.45

	10/100RB0
	EUTRA1
	-30
	 
	0.7
	-45.7
	-4.1
	22.3
	11.70
	0.70
	1.70

	10/100RB5
	EUTRA1
	-30
	 
	0.7
	 
	 
	22.3
	11.70
	0.70
	1.70

	10/100RB0
	EUTRA1
	-30
	 
	1
	 
	 
	22
	11.40
	0.40
	1.40

	10/100RB0
	EUTRA1
	-30
	 
	1
	 
	 
	22
	11.40
	0.40
	1.40

	11-1/100RB
	256QAM
	 
	1.8%
	3.2
	 
	 
	19.8
	9.20
	-1.80
	-0.80


Proposal 4: following A-MPR table is proposed for Japan and region 1 assuming MPR from proposal 3
	modulation
	10-60RB contiguous interleaved waveforms
	80 and 90RB contiguous interleaved waveforms
	20, 40, 60 and 80RB non-contiguous interleaved waveforms
	100RB fully allocated waveform

	QPSK, 16QAM, 64QAM
	≤ 2dB
	≤ 1dB
	≤ 1dB
	≤ 0.5dB

	256QAM
	0dB
	0dB
	0dB
	0dB


Proposal 5: following A-MPR table is proposed for region 2 assuming MPR from proposal 3

	modulation
	10-60RB contiguous interleaved waveforms
	80 and 90RB contiguous interleaved waveforms
	20, 40, 60 and 80RB non-contiguous interleaved waveforms
	100RB fully allocated waveform

	QPSK, 16QAM, 64QAM
	≤ 1dB
	0dB
	0dB
	0dB

	256QAM
	0dB
	0dB
	0dB
	0dB


3. Conclusion
An exhaustive measurement campaign has been performed on a standard 5GHz WiFi PA to determine its behaviour with the eLAA interleaved waveform. From this study the following proposals are made for MPR and A-MPR values.
Proposal 1: 0dB MPR reference is set for fully allocated RB 10MHz and 20MHz channels (respectively 50RB and 100RB allocation)

Proposal 2: band 46 power class and tolerance reuses band 47 requirements (23dBm +/-2dB)
Proposal 3: the following MPR table is proposed for 20MHz eLAA channel

	Modulation
	RB allocation

	
	10, 20, 30, 40, 50, 60, 80, 90RB
	100RB

	QPSK
	≤ 1dB
	0dB

	16QAM
	≤ 1dB
	≤ 1dB

	64QAM
	≤ 1dB
	≤ 2dB

	256QAM
	≤ 3.5dB
	≤ 3.5dB


Proposal 4: following A-MPR table is proposed for Japan and region 1 assuming MPR from proposal 3

	modulation
	10-60RB contiguous interleaved waveforms
	80 and 90RB contiguous interleaved waveforms
	20, 40, 60 and 80RB non-contiguous interleaved waveforms
	100RB fully allocated waveform

	QPSK, 16QAM, 64QAM
	≤ 2dB
	≤ 1dB
	≤ 1dB
	≤ 0.5dB

	256QAM
	0dB
	0dB
	0dB
	0dB


Proposal 5: following A-MPR table is proposed for region 2 assuming MPR from proposal 3

	modulation
	10-60RB contiguous interleaved waveforms
	80 and 90RB contiguous interleaved waveforms
	20, 40, 60 and 80RB non-contiguous interleaved waveforms
	100RB fully allocated waveform

	QPSK, 16QAM, 64QAM
	≤ 1dB
	0dB
	0dB
	0dB

	256QAM
	0dB
	0dB
	0dB
	0dB
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4. Appendix (measurement figures)
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Figure 1: LTE ACLR measurements for 18RB LTE waveform at 27.2dBm
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Figure 2: LTE SEM measurement for 18RB LTE waveform at 26.5dBm

[image: image5.png]SIN] By =]
5 o5
Carrier Ref Freq 5.400000000 GHz eq: 5.400000000 5
1LO dBdiv Ref 30.00 dBm
263 dBm
-30.4/ef 6 dBc
B ) B
d B d
e g
averbof
Center 5.4 GHz Span 60 MHz;
#Res BW 30 kHz #VBW 100 kHz #Sweep 1.2 s
Total Carrier Power 2627 dBm/ 18.00 MHz ACP-IBW
Lower Upper
Carrier Power Filter  OffsetFreq Integ BW dBc  dBm dBc  dBm _Filter

20.00 MHz
12.50 MHz
17.50 MHz

1800MHz 3041
3840MHz -3389
3840MHz -3620

4133 3160 -5325 OFF
-7617 3479 8515 OFF
9922 3768 -1141 OFF

Frequency

5.400000000 GHz|





Figure 3: LTE ACLR measurements for 100RB LTE waveform at 26.3dBm
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Figure 4 LTE ACLR2 measurements for 100RB LTE waveform at 26.3dBm
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Figure 5: WiFi IEEE SEM measurement for 100RB LTE waveform at 26.5dBm
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Figure 6: LTE ACLR measurements for interleaved eLAA waveform at 25.5dBm
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Figure 7: LTE ACLR2 measurements for interleaved eLAA waveform at 25.7dBm
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Figure 8: 1MHz RBW PSD measurement for interleaved eLAA waveform at 25.5dBm 
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Figure 9: WiFi IEEE SEM measurement for interleaved eLAA waveform at 25.6dBm
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Figure 10: LTE SEM measurement for interleaved eLAA waveform at 25.3dBm
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Figure 11: LTE ACLR measurements for interleaved eLAA QPSK waveform at 25.7dBm
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Figure 12: LTE ACLR measurements for interleaved eLAA 16QAM waveform at 25.2dBm
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Figure 13: LTE ACLR measurements for interleaved eLAA 64QAM waveform at 25.2dBm
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Figure 14: triple beat measurement for QPSK and 16QAM EVM at 25.4dBm
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Figure 15: triple beat measurement for 64QAM EVM at 25dBm
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Figure 16: triple beat measurement for 256QAM EVM at 23dBm
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