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1. Introduction
This contribution proposes MPR and discusses maximum output power value for eLAA based on RAN4#80 way forwards R4-167193 [1]. It also discusses A-MPR requirements for Japan based on [5] and US and European regulation based on [2] and [3]. 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#80 meeting in Gothenburg multiple contributions addressed eLAA requirements in terms of MPR, A-MPR for a number of LTE and regulatory requirements [2], [3], [4], [5] and how the specific interleaved waveform designed for low RB allocation meets those requirements. This contribution focuses on the power amplifier contribution and follows the agreed way forward [1]. To do so a standard 5GHz Wifi PA designed to meet state of the art handset requirement has been measured with a number of waveforms and at different pass fail criteria and measuring ACLR, SEM, EVM, PSDs. 
2.1. WiFi PA measurement with LTE, eLAA and WiFi waveforms
Given the high number of measurements the results will be presented in tables with reference to figures of the most significant measurements captured from the instrument in the Annex.
2.1.1. Waveforms used for measurements
Since the goal of this contribution was to assess a real life WiFi PA behaviour for eLAA a number of waveforms have been used to fully characterize it:
· 18RB QPSK waveform was used to set a reference on what would be the 0dB MPR LTE reference for such a PA. This waveform is not a valid eLAA waveform since it would significantly violate the PSD limit and this is the reason for the specific interleaved eLAA waveform used for partial RB allocation that spreads the energy evenly.

· 100RB QPSK waveform to set what should be the real 0dB MPR value for eLAA and also sets the power class assumption

· 10/100RB0 QPSK waveform is the 1 every 10 RB interleaved waveform with first allocated RB at first RB position (RB0). This waveform RB position is the worst case for SEM and ACLR 
· 10/100RB5 QPSK waveform is the 1 every 10 RB interleaved waveform with first allocated RB at sixth RB position (RB5). This was used only to verify another position for ACLR

· 10/100RB0 QPSK, 16QAM, 64QAM waveforms were used to verify ACLR for the different modulations and deduct potential MPR

· 11-1/100RB waveform is a waveform with 11 RB positions spaced evenly but where the middle tone is omitted and the 10 other 10tones activated. Although this is not a valid waveform it is an old trick that is often used in triple beat measurements (like for TV transmitters). In essence all the 10 tones IMDs that fall on the missing RB is the same than the worst case in RB IMD would be for the normal interleaved waveform. This allows an indirect EVM measurement which was needed since current measurements equipment cannot demodulate the eLAA waveform.
· WiFiMCS0 is the standard WiFi BPSK waveform providing a reference for the max WiFi power the PA supports

· WiFiMCS7 is the standard WiFi 64QAM waveform providing a reference for the WiFi MPR needed for 64QAM 
2.1.2. Types of measurements performed.

To assess the eLAA, LTE or WiFi performance the following measurements have been performed:

· ACLR measurements: 

· EUTRA ACLR1, UTRA ACLR1 and 2 were measured to set the LTE performance reference although pass fail criteria is only on EUTRA ACLR as UTRA ACLR is not required in Band 46.

· EUTRA ACLR2 was measured a assess if A-MPR is need for Japan -40dBc requirement

· SEM measurements:

· LTE SEM was measured to assess if MPR may be needed for the interleaved waveform and verify that LTE SEM did not set the 0dB MPR point.

· WiFi IEEE SEM mask was measured to verify if A-MPR may be required for the FCC and ETSI masks

· 1MHz RW PSD measurements to verify if A-MPR may be required for FCC 11dBm/MHz and ETSI 10dBm/MHz requirements and also set the power class target.
· EVM measurements:

· LTE EVM was verified for 100RB waveform

· WiFi EVM being more stringent than SEM mask for higher order modulation it also has been verified

· Triple bit measurement were performed to derive EVM values for interleaved waveform for different modulations. The measurement is done in terms of signal to interference ratio in dBc within 180KHz and translated back into % EVM
2.1.3. Raw PA measurement results

As stated earlier, the measurements results will be presented in table 1 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.
Table 1: WiFi PA measurement results for LTE, eLAA and WiFi waveforms.

	measurement setup
	measurement results
	

	#
	Waveform
	mod
	pass/fail criteria
	value
	Pout [dBm]
	LTE ACLR EUTRA/ UTRA1/2 [dBc]
	EUTRA ACLR2 [dBc]
	LTE SEM
	IEEE SEM
	1MHz RBW PSD

[dBm]
	EVM
	Fig.

	1
	18RB0*
	QPSK
	UTRA1
	-33dBc
	27.2
	-35/     -33/-44
	 
	4.2
	 
	22.09
	na
	1

	2
	18RB0*
	QPSK
	SEM
	PASS
	26.5
	 
	 
	0.0
	 
	21.39
	na
	2 

	3
	100RB
	QPSK
	EUTRA1
	-30dBc
	26.2
	-30.4/   -34/-36
	-46.4
	-1.2
	-0.4
	13.65
	5.4%
	 3-5

	4
	10/100RB0
	QPSK
	EUTRA1
	-30dBc
	25.5
	-30/     -32/-35
	-45.7
	1.4**
	-4.1
	14.9
	 
	 6-9

	5
	10/100RB0
	QPSK
	SEM
	PASS
	25.3
	-31.7/   -34/-37
	 
	-0.8
	 
	14.70
	 
	 10

	6
	10/100RB5
	QPSK
	EUTRA1
	-30dBc
	25.5
	-30
	 
	 
	 
	14.9
	 
	 11

	7
	10/100RB0
	16QAM
	EUTRA1
	-30
	25.2
	-30
	 
	 
	 
	14.6
	 
	 12

	8
	10/100RB0
	64QAM
	EUTRA1
	-30
	25.2
	-30
	 
	 
	 
	14.6
	 
	 13

	9
	11-1/ 100RB
	QPSK
	QPSK & 16QAM EVM
	<6%
	25.5
	 
	 
	 
	 
	14.9
	5.8%
	 14

	10
	11-1/ 100RB
	QPSK
	64QAM EVM
	<5%
	25
	 
	 
	 
	 
	14.4
	4.8%
	 15

	11
	11-1/ 100RB
	QPSK
	256QAM EVM
	<1.85%
	23
	 
	 
	 
	 
	12.4
	1.8%
	 16

	12
	WiFiMCS0
	BPSK
	FCC SEM
	PASS
	25.6
	 
	 
	 
	-0.3
	13.1
	-20dB
	 17

	13
	WiFiMCS0
	BPSK
	16AQAM EVM
	-27dBc
	23.8
	 
	 
	 
	-2
	11.2
	-27dB
	 

	14
	WiFiMCS7
	64QAM
	EVM
	-31dBc
	22.3
	 
	 
	 
	-1.6
	9.7
	-31dB
	 18

	*for reference only, not a 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. The figures 19-20 show individual measurements of the SEM mask which is passed at 25.5dBm.
2.1.4. Observations from measurement results: Power class and MPR

Before the specification is discussed in details let first discuss the PA dimensioning:

First the PA is able to reach in excess of 26dBm for 18RB and 100RB waveforms (rows 1,2,3) and would thus meet class 3 requirements with 3dB of post PA losses, very similar to the 3dB loss the PA sees in WiFi UE implementation.

As can be seen from row 12 the PA is designed to see at least 2.1dB of attenuation to meet the 11dBm/MHz FCC PSD limit and one more dB to meet the 11dBm/MHz ETSI limit, in real UE implementation the PA to antenna less is about 3dB loss 
If now the 1MHz PSD of the 100RB and the interleaved waveforms is observed (rows 3 and 4) 2.7dB and 3.9db attenuation are required to meet the FCC PSD requirement. Note that the interleaved waveform needs this even though it has less in channel power than the 100RB waveform.

If the power class is set based on the 100RB waveform the max power to meet FCC PSD is then 26.2-2.7=23.5dBm with a +/-2dB tolerance this calls for a 21.5dBm power class.
If the max output power for FCC PSD is set on the interleaved waveform it will be 25.4-3.9=21.5dBm. This is 2 dB difference compared to the 100RB case and this then dominates any other MPR aspects.

If PSD aspects were ignored and the 100RB waveform set as the dB MPRs the following MPR would apply:
· 0.7dB MPR for 10RB interleaved QPSK waveform set by EUTRA ACLR, SEM mask has been verified separately and the fail is due to waveform issues. This is illustrated in figures 18-20

· 1dB MPR for 10RB interleaved 16QAM waveform set by EUTRA ACLR

· 1.2dB MPR for 10RB interleaved 64QAM waveform set by EVM requirement
· 3.2dB MPR for 10RB interleaved 256QAM waveform set by EVM requirement and consistent with our UL256QAM study 
Except for the 256QAM case all MPRs are lower than the power reduction needed on the interleaved waveform to meet the FCC PSD requirements.

2.1.5. Observations from measurement results: A-MPR cases.

From row 3 and 4 in the result table it can be seen that the EUTRA ACLR2 is always met thus no A-MPR is required to meet Japanese regulation.

Form the same rows it can be seen that the 100RB waveform just passes the IEEE mask where the interleave waveform has 4dB margin to the mask. Comparison of the IEEE mask and ETSI mask: Figure A show the two masks which are identical up to 30MHz offset.
 [image: image1.png]9MHz 11 Mz 20MHz 0MHz

20MHz




[image: image2.png]008 Referonce Lovl

08
2848
o, OB
P G
08xN T 9xN  ASxN N 0 N 15N 9xN | 108xN

85X 05xN 05xN  085xN Frequency ofset MHz]
= Noria hannlBani ]




Figure A: IEEE mask (left) and ETSI mask (right)
Looking at figure 5 and 9 both the 100RB and interleaved waveform will meet easily the further requirements beyond 30MHz offset. It can be concluded that no A-MPR is required in relation to ETSI mask. Given the reduction of power required to meet the FCC 11dBm/MHz PSD an A-MPR of 1dB is required to meet the 10dBm/MHz ETSI PSD requirement in region 1.

2.2. Conclusions and proposals
2.2.1. Maximum power and power class

To fully benefit from state of the art WiFi PA performance the power class and 0dB MPR must be defined from the 100RB 20MHz waveform and the power class target of 22dBm +1.5/-2.5 should be defined based on maximum power of 23.5dBm for FCC PSD 11dBm/MHz requirement, Alternatively power class 3 with a +0.5/-3.5dB tolerance works.
Proposal 1: a power class with 23.5dBm maximum power should be defined for eLAA

2.2.2. MPR

Based on a 0dB MPR for the 100RB waveform a 2dB MPR is needed for all the 10RB interleaved waveform using QPSK, 16QAM and 64QAM modulation.

Proposal 2: a 2dB MPR is defined for the 10RB interleaved waveform using QPSK, 16QAM and 64QAM modulation.

From our early measurements and current assumptions for UL 256QAM it if observed that a 3.5dB MPR can be assumed for the interleaved waveform.
Observation 1: a 3.5dB MPR seems reasonable for a 256QAM eLAA 10RB interleaved waveform

Other interleaved waveforms

The measurements above have focused on the two extremes of the valid eLAA waveforms but there is in fact 10 possible RB allocations and since MPR is related to PSD all waveforms should be characterized for PSD in 1MHz. Since it is very tedious to generate and measure all the waveforms the 1MHZ PSD of all QPSK interleaved waveforms have been calculated and is illustrated in table 2 below

Table 2: interleaved waveforms PSDs in 1MHz

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

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

	 

	NRB
	dBc/tone
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	10
	0.0
	0.0
	-100
	-100
	-100
	-100
	-100
	-100
	-100
	-100
	-100
	0.0
	-100
	….

	20
	-3.0
	-3.0
	-100
	-100
	-100
	-100
	-3.0
	-100
	-100
	-100
	-100
	-3.0
	-100
	….

	30
	-4.8
	-4.8
	-4.8
	-100
	-100
	-100
	-4.8
	-100
	-100
	-100
	-100
	-4.8
	-4.8
	….

	40
	-6.0
	-6.0
	-6.0
	-100
	-100
	-100
	-6.0
	-6.0
	-100
	-100
	-100
	-6.0
	-6.0
	….

	50
	-7.0
	-7.0
	-7.0
	-7.0
	-100
	-100
	-7.0
	-7.0
	-100
	-100
	-100
	-7.0
	-7.0
	….

	60
	-7.8
	-7.8
	-7.8
	-7.8
	-100
	-100
	-7.8
	-7.8
	-7.8
	-100
	-100
	-7.8
	-7.8
	….

	70
	-8.5
	-8.5
	-8.5
	-8.5
	-8.5
	-100
	-8.5
	-8.5
	-8.5
	-100
	-100
	-8.5
	-8.5
	….

	80
	-9.0
	-9.0
	-9.0
	-9.0
	-9.0
	-100
	-9.0
	-9.0
	-9.0
	-9.0
	-100
	-9.0
	-9.0
	….

	90
	-9.5
	-9.5
	-9.5
	-9.5
	-9.5
	-9.5
	-9.5
	-9.5
	-9.5
	-9.5
	-100
	-9.5
	-9.5
	….

	100
	-10.0
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	….

	 

	NRB
	dBc/MHz
	1MHz res BW
	1MHz res BW
	MPR [dB]

	10
	0
	0
	0
	2.0

	20
	0
	0
	-3.01
	2.0

	30
	0
	0
	-1.76
	2.0

	40
	-1.24
	-1.24
	-1.24
	0.8

	50
	-0.96
	-0.96
	-2.21
	1.0

	60
	-1.76
	-1.76
	-1.76
	0.2

	70
	-1.46
	-1.46
	-2.43
	0.5

	80
	-2.04
	-2.04
	-2.04
	0.0

	90
	-1.76
	-1.76
	-2.55
	0.2

	100
	-2.21
	-2.21
	-2.21
	-0.2


Observations:

· The 2.21dB calculated difference between the 10RB and 100RB is consistent with the 2dB required MPR for PSD issues (note that the calculation integrates over 1.08MHz and is thus 0.3dB pessimistic) and in accordance with measurements.
·  10, 20, 30 RB waveforms needs same MPR
· Accounting for the 0.3dB error the 40 and 50RB waveforms would only require 1dB MPR

· With some rounding the 60, 70 and 90RB waveform would only require 0.5dB MPR

· 80 and 100RB waveforms are 0dB MPR

Given that MPR depend on both PSD and modulation a very complex MPR table may be needed. At this point we do not have a proposal for this and suggest instead that the best way forward is found at the meeting.

Proposal 3: how to handle MPR versus RB allocation and modulation is FSS, this contribution provides data for all cases.
2.2.3. A-MPR

Based on this study the following proposals are made:
Proposal 4: no A-MPR is defined for Japanese ACLR2 requirement
Proposal 5: no A-MPR is defined for IEEE or ETSI SEM masks

Proposal 6: a 1dB A-MPR is defined in region 1 to meet the 10dBm/MHz ETSI PSD requirement

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.
Proposal 1: a power class with 23.5dBm maximum power should be defined for eLAA
Proposal 2: a 2dB MPR is defined for the 10RB interleaved waveform using QPSK, 16QAM and 64QAM modulation.
Proposal 3: how to handle MPR versus RB allocation and modulation is FSS, this contribution provides data for all cases.
Proposal 4: no A-MPR is defined for Japanese ACLR2 requirement

Proposal 5: no A-MPR is defined for IEEE or ETSI SEM masks

Proposal 6: a 1dB A-MPR is defined in region 1 to meet the 10dBm/MHz ETSI PSD requirement

Through this study the following observation is made:

Observation: a 3.5dB MPR seems reasonable for 256QAM eLAA 10RB interleaved waveform
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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
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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
[image: image9.png]Span 100.000000 MHz

1Lo dBidiv Ref 30.00 dBm

257 dBm
-30.3 dBc -32.2 dBc
457 dBC 490 dBe
i1
il u
i H
U vers
Center 5.4 GHz Span 100 MHz|
#Res BW 30 kHz #VBW 100 kHz #Sweep 1.2 s
Total Carrier Power ~ 25.71 dBm/ 18.00 MHz ACP-IBW
. Lower Upper
Carrier Power Filter  OffsetFreq Integ BW dBc  dBm dBc  dBm _Filter

20.00 MHz 1802MHz 3028 4574 3219 6484 OFF
40.00 MHz 1802MHz 4565 -1994 4902 -2332 OFF





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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Figure 17: WiFi IEEE SEM measurement for BPSK at 25.7dBm
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Figure 18: WiFi IEEE SEM measurement for 64QAM at 22.3dBm and -31dBc EVM
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Figure 19: 1MHz RBW LTE SEM measurements at 25.5dBm meeting requirement:
(Left side correspond to 1.5-4.5MHz zone <-11dBm, right side corresponds to 5.5-19.5MHz zone <-12dBm)
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Figure 20: 30kHz RBW LTE SEM measurements at 25.5dBm meeting requirement 

(Corresponds to 15-985kHz zone <-20dBm)
3GPP


