[bookmark: _GoBack]3GPP TSG-RAN5 #83 Meeting	R5-194352
Reno, USA, 13th – 17th May. 2019
Title:							On the minimum TRP assumption for FR2 ACLR MU
Source:			Anritsu
Agenda Item:			5.3.5.17
Document for:			Endorsement

1.	Introduction
Minimum TRP assumption for MU derivation of FR2 ACLR test is agreed in [10] as below.
· Assumption for min TRP power value on wanted channel shall be:  min EIRP – 16 dB (UE antenna (8x2) directivity)
· Assumption for min TRP power value on adjacent channel shall be:  min EIRP –  16 dB (UE antenna (8x2) directivity) – ACLR requirement
Based on this assumption, estimated SNR is provided in [2]-[4]. The concrete values of assumed minimum TRP are as below.
Table 1 Current assumption for minimum TRP
	
	
	Min peak EIRP [dBm/CBW]
	Multi-band relaxation[dB]
	Directivity [dB]
	ACLR [dBc]
	Minimum TRP[dBm/CBW]

	FR2a
	CP
	22.4
	1.7
	16
	N/A
	4.7

	
	ACP
	22.4
	1.7
	16
	17
	-12.3

	FR2b
	CP
	20.6
	1.7
	16
	N/A
	2.9

	
	ACP
	20.6
	1.7
	16
	16
	-13.1



Here, we further analyse the realistic minimum TRP assumption considering the some background information available in TR 38.817-01 and also address the missing factor of MPR in the current assumption, which is not ignorable level in FR2.
2.	Discussion
2.1 Minimum TRP estimation from TR 38.817-01
In TR 38.817-01, for PC3, Reported minimum peak EIRP values based on feasible implementation assumptions from several companies can be found in Table 7.2.1.4.1-1.
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Table 7.2.1.4.1-1: Survey of reported minimum peak EIRP for Power class 
	Parameter
	Unit
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7

	Frequency range
	GHz
	24.2-29.5
	37-40
	24.2-29.5
	37-40
	24.2-29.5
	37-40
	24.2-29.5
	37 - 40
	24.2-29.5
	37 – 40
	24.2-29.5
	37 – 40
	24.2-29.5
	37-40

	# ant elements
	 
	4
	4
	 4
	4 
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4

	Avg. element gain
(per polarization)
	dBi
	4.00
	4.00
	 5.00
	 4.0
	4.50
	4.50
	4.0
	4.50
	4.50
	4.50
	2.50
	1.50
	4.00
	4.00

	Antenna roll-off
loss vs frequency
	dB
	-2.00
	-2.50
	 -1.00
	 -1.50
	-3.00
	-1.50
	-1.00
	-1.00
	-1.00
	-1.50
	-0.50
	-0.50
	-1.00
	-1.50

	Realized antenna
array gain
	dBi
	8.00
	7.50
	 10.00
	8.5 0
	7.50
	9.00
	9.00
	9.50
	9.50
	9.00
	8.00
	7.00
	9.00
	8.50

	Polarization gain
	dB
	2.80
	2.80
	 2.50
	2.50
	2.50
	2.50
	2.00
	2.00
	2.50
	2.80
	2.80
	2.80
	2.80
	2.80

	Total implementation
loss (nominal)
	dB
	-6.75
	-7.95
	 -7.25
	 -8.50
	-5.10
	-6.10
	-4.85
	-5.85
	-6.75
	-7.75
	-4.25
	-4.25
	-7.95
	-9.15

	Total implementation
loss (worst-case)
	dB
	-9.60
	-10.90
	 -10.00
	-11.45
	-7.45
	-8.55
	-8.70
	-8.80
	-9.60
	-10.20
	-6.10
	-6.70
	-10.80
	-12.10

	P1d per PA (nominal)
	dBm
	14.00
	14.00
	 14.00
	14.00 
	14.00
	12.50
	14.00
	12.00
	14.00
	12.50
	14.00
	14.00
	14.00
	14.00

	P1d per PA (minimum)
	dBm
	14.00
	14.00
	 14.00
	14.00
	14.00
	12.50
	14.00
	12.00
	14.00
	12.50
	14.00
	14.00
	14.00
	14.00

	Peak EIRP (nominal)
	dBm
	24.05
	22.35
	 25.25
	 22.5
	24.90
	23.90
	26.15
	23.65
	25.25
	24.05
	26.55
	25.55
	23.85
	22.15

	Tolerance
	dB
	3.85
	3.95
	 3.75
	 3.95
	3.85
	3.45
	3.85
	3.95
	2.85
	3.45
	2.85
	3.45
	3.85
	3.95

	Peak EIRP (minimum)
	dBm
	20.20
	18.40
	 21.50
	 18.55
	21.05
	20.45
	22.30
	19.70
	22.40
	20.60
	23.70
	22.10
	20.00
	18.20

	NOTE 1:	We encourage companies to provide implementation losses and P1d numbers for nominal and worst cases to facilitate the analysis of nominal and minimum definitions of max EIRP; the current RAN4 agreement is to define power class as the minimum of the max EIRP without tolerance



Seeing this table, the minimum peak EIRP core requirement is determined from array antenna with 4 elements per polarization, not 2x8=16 elements per polarization. If the parameters other than array antenna gain are the same for 2x8 antennas, then the peak EIRP will be bigger than these levels.
Observation 1 : Minimum peak EIRP in the core requirement is based on array antenna with 4 elements.
If this is true, current assumption of minimum TRP in RAN5 assuming 16dB directivity from 2x8 array and apply it to minimum peak EIRP core requirement can overestimate the minimum TRP. 
In the attached xlsx below, verification of minimum peak EIRP calculation is conducted. It seems some detailed information is missing or hidden then the calculation does not match for some sources, but minimum peak EIRP seems to be calculated from :
Min Peak EIRP = (4)+(5)+(6)+(8)+10*log10((1)), (4) = 10log10((1))+(2)+(3)
Table 2 Elements to derive minimum peak EIRP
	(1)
	# ant elements

	(2)
	Avg. element gain(per polarization)

	(3)
	Antenna roll-off loss vs frequency

	(4)
	Realized antenna array gain

	(5)
	Polarization gain

	(6)
	Total implementation loss (nominal)

	(7)
	Total implementation loss (worst-case)

	(8)
	P1d per PA (nominal)

	(9)
	P1d per PA (minimum)

	(10)
	Peak EIRP (nominal)

	(11)
	Tolerance

	(12)
	Peak EIRP (minimum)

	NOTE1 : (8) and (9) are the same each other in all sources, then no need to distinguish.





Note that (8) + 10log10((1)) can mean that PA is for each antenna element but shared among polarizations. If we regard PA is per antenna element per polarization, we need to calculate with (8) + 10log10(2*(1)), but this lead to 3dB deviation from (12) for most sources.
The minimum TRP can be calculated by (8) + 10log10( (1) ) + (7), and taking the minimum among all the sources, following values are obtained.
Table 3 Minimum TRP (without reduction/relaxation)
	FR2a 
	9.2
	dBm

	FR2b
	7.9
	dBm



Question 1 : Kindly ask OEM/Chipset vendors to check values in Table 3 are reasonable minimum TRP assumption(without MPR/Relaxations) used for MU/testability discussion for FR2 ACLR. If not, could you provide the typical minimum TRP values?
Note that if PA can be assumed for all the antenna elements, then the minimum TRP will be increased by 3dB, then less relaxation can be expected. Views on this aspect are also desired.
2.2 MPRs
Currently, the consideration for MPR is missing for the minimum TRP assumption. According to the latest 38.101-2 (R4-1905231 in RAN4#92 bis)
[bookmark: _Toc5266467]6.2.2.3	UE maximum output power reduction for power class 3
For power class 3, MPR for contiguous allocations is defined as: 
MPR = max(MPRWT, MPRnarrow)
Where,
MPRnarrow = 2.5 dB, when the allocated RB size is less than or equal to 1.44 MHz, and 0 ≤ RBstart ≤ Ceil(1/3 NRB) or Ceil(2/3NRB) ≤ RBstart ≤NRB-LCRB
MPRWT is the maximum power reduction due to modulation orders, transmission bandwidth configurations listed in Table 5.3.2-1, and waveform types. MPRWT is defined in Table 6.2.2.3-1 and Table 6.2.2.3-2.
Table 6.2.2.3-1 MPRWT for power class 3, BWchannel ≤ 200 MHz
	
	
	MPRWT, BWchannel ≤ 200 MHz

	
	
	  RBstart ≥ Ceil(1/3 NRB)  AND 
RBend ≤ Ceil(2/3 NRB)
	RBstart  <  Ceil(1/3 NRB) OR
RBend  >  Ceil(2/3 NRB)

	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 2.0

	
	QPSK
	0.0
	≤ 2.0

	
	16QAM
	≤ 3.0
	≤ 3.5

	
	64QAM
	≤ 5.0
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 4.0

	
	16QAM
	≤ 5.0
	≤ 5.0

	
	64QAM
	≤ 7.5
	≤ 7.5



Table 6.2.2.3-2 MPRWT for power class 3, BWchannel = 400 MHz
	
	
	MPRWT, BWchannel = 400 MHz

	
	
	  RBstart ≥ Ceil(1/4 NRB)  AND 
RBend ≤ Ceil(3/4 NRB) 
AND 
LCRB≤Ceil(1/4 NRB)
	RBstart  <  Ceil(1/4 NRB) OR
RBend  >  Ceil(3/4 NRB) OR 
LCRB>Ceil(1/4 NRB) 

	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 3.0

	
	QPSK
	0.0
	≤ 3.0

	
	16QAM
	≤ 4.5
	≤ 4.5

	
	64QAM
	≤ 6.5
	≤ 6.5

	CP-OFDM
	QPSK
	≤ 5.0
	≤ 5.0

	
	16QAM
	≤ 6.5
	≤ 6.5

	
	64QAM
	≤ 9.0
	≤ 9.0



Where RBend = RBStart + LCRB
From the test point definition in Table 6.5.2.3.4.1-1 of 38.521-2 v15.2.0, we can derive the applied MPR values (See Table A-1). As a result, best case MPR is 2.5dB, while worst case MPR is 6.5dB. 
Observation 2: With the current test point, best case MPR is 2.5dB, worst case MPR is 6.5dB.
Though the MPR applies to peak EIRP, considering its original intention, the output power at PA is decreased so that ACLR core requirement is met then it can be thought that TRP is reduced with the same amount.
Note we have other kind of MPRs such as A-MPR or P-MPR, but they can be regarded as 0dB in the ACLR test.
2.3 Minimum TRP assumption for FR2 ACLR MU/Testability discussion
Compiling the results from 2.1 and 2.2, values in Table 4 is proposed for minimum TRP assumption for MU/Testability discussion in FR2 ACLR tests. These values are derived from values in Table A-1 by compiling similar values at some level.
Table 4 Minimum TRP assumption for MU/Testability discussion in FR2 ACLR tests
	　
	Minimum TRP(CP)　
	Minimum TRP(ACP)　
	NOTE

	　
	FR2a
	FR2b
	FR2a
	FR2b
	

	DFT-s-OFDM PI/2 BPSK and QPSK
	4.5
	3.2
	-12.5
	-12.8
	+0.5dBm for BW = 400MHz

	DFT-s-OFDM 16 QAM
	3
	1.7
	-14
	-14.3
	+1.0dBm for BW = 400MHz

	DFT-s-OFDM 64 QAM
	1
	-0.3
	-16
	-16.3
	

	CP-OFDM QPSK
	4
	1.2
	-13
	-14.8
	



Proposal 1 : Adopt values in Table 4 as a minimum TRP assumption for deriving MU/Relaxation amount for FR2 ACLR PC3. 

4.	Conclusion
Observation 1 : Minimum peak EIRP in the core requirement is based on array antenna with 4 elements.
Question 1 : Kindly ask OEM/Chipset vendors to check values in Table 3 are reasonable minimum TRP assumption(without MPR/Relaxations) used for MU/testability discussion for FR2 ACLR. If not, could you provide the typical minimum TRP values?
Observation 2: With the current test point, best case MPR is 2.5dB, worst case MPR is 6.5dB.
Proposal 1 : Adopt values in Table 4 as a minimum TRP assumption for deriving MU/Relaxation amount for FR2 ACLR PC3. 
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Annex A
Table A-1. MPR and Minimum TRP for each TP
	Test ID
	Modulation
	RB allocation
	BW
	MPR (Take max)
	Minimum TRP (CP)
( Max Min TRP in Table3 – 1.7 – MPR)

	
	
	
	
	MPRnarrow
	MPRWT
	FR2a
	FR2b

	1
	DFT-s-OFDM PI/2 BPSK
	Outer_1RB_Left
	BW ≤ 200MHz
	2.5
	2
	5
	3.7

	
	
	
	BW = 400MHz
	2.5
	3
	4.5
	3.2

	2
	DFT-s-OFDM PI/2 BPSK
	Outer_1RB_Right
	BW ≤ 200MHz
	2.5
	2
	5
	3.7

	
	
	
	BW = 400MHz
	2.5
	3
	4.5
	3.2

	3
	DFT-s-OFDM PI/2 BPSK
	Outer_Full
	BW ≤ 200MHz
	0
	2
	5.5
	4.2

	
	
	
	BW = 400MHz
	0
	3
	4.5
	3.2

	4
	DFT-s-OFDM QPSK
	Outer_1RB_Left
	BW ≤ 200MHz
	2.5
	2
	5
	3.7

	
	
	
	BW = 400MHz
	2.5
	3
	4.5
	3.2

	5
	DFT-s-OFDM QPSK
	Outer_1RB_Right
	BW ≤ 200MHz
	2.5
	2
	5
	3.7

	
	
	
	BW = 400MHz
	2.5
	3
	4.5
	3.2

	6
	DFT-s-OFDM QPSK
	Outer_Full
	BW ≤ 200MHz
	0
	2
	5.5
	4.2

	
	
	
	BW = 400MHz
	0
	3
	4.5
	3.2

	7
	DFT-s-OFDM 16 QAM
	Outer_1RB_Left
	BW ≤ 200MHz
	2.5
	3.5
	4
	2.7

	
	
	
	BW = 400MHz
	2.5
	4.5
	3
	1.7

	8
	DFT-s-OFDM 16 QAM
	Outer_1RB_Right
	BW ≤ 200MHz
	2.5
	3.5
	4
	2.7

	
	
	
	BW = 400MHz
	2.5
	4.5
	3
	1.7

	9
	DFT-s-OFDM 16 QAM
	Outer_Full
	BW ≤ 200MHz
	0
	3.5
	4
	2.7

	
	
	
	BW = 400MHz
	0
	4.5
	3
	1.7

	10
	DFT-s-OFDM 64 QAM
	Outer_Full
	BW ≤ 200MHz
	0
	5.5
	2
	0.7

	
	
	
	BW = 400MHz
	0
	6.5
	1
	-0.3

	11
	CP-OFDM QPSK
	Outer_1RB_Left
	BW ≤ 200MHz
	2.5
	4
	3.5
	2.2

	
	
	
	BW = 400MHz
	2.5
	5
	2.5
	1.2

	12
	CP-OFDM QPSK
	Outer_1RB_Right
	BW ≤ 200MHz
	0
	4
	3.5
	2.2

	
	
	
	BW = 400MHz
	0
	5
	2.5
	1.2

	13
	CP-OFDM QPSK
	Outer_Full
	BW ≤ 200MHz
	0
	4
	3.5
	2.2

	
	
	
	BW = 400MHz
	0
	5
	2.5
	1.2
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Amp Shared by 2 pol

				Table 7.2.1.4.1-1: Survey of reported minimum peak EIRP for Power class 

				Parameter		Unit		Source 1				Source 2				Source 3				Source 4				Source 5				Source 6				Source 7

				Frequency range		GHz		24.2-29.5		37-40		24.2-29.5		37-40		24.2-29.5		37-40		24.2-29.5		37 - 40		24.2-29.5		37 – 40		24.2-29.5		37 – 40		24.2-29.5		37-40

		(1)		# ant elements				4		4		4		4		4		4		4		4		4		4		4		4		4		4

		(2)		Avg. element gain(per polarization)		dBi		4		4		5		4		4.5		4.5		4		4.5		4.5		4.5		2.5		1.5		4		4

		(3)		Antenna roll-off loss vs frequency		dB		-2		-2.5		-1		-1.5		-3		-1.5		-1		-1		-1		-1.5		-0.5		-0.5		-1		-1.5

		(4)		Realized antenna array gain		dBi		8		7.5		10		8.5		7.5		9		9		9.5		9.5		9		8		7		9		8.5

		(5)		Polarization gain		dB		2.8		2.8		2.5		2.5		2.5		2.5		2		2		2.5		2.8		2.8		2.8		2.8		2.8

		(6)		Total implementation loss (nominal)		dB		-6.75		-7.95		-7.25		-8.5		-5.1		-6.1		-4.85		-5.85		-6.75		-7.75		-4.25		-4.25		-7.95		-9.15

		(7)		Total implementation loss (worst-case)		dB		-9.6		-10.9		-10		-11.45		-7.45		-8.55		-8.7		-8.8		-9.6		-10.2		-6.1		-6.7		-10.8		-12.1

		(8)		P1d per PA (nominal)		dBm		14		14		14		14		14		12.5		14		12		14		12.5		14		14		14		14

		(9)		P1d per PA (minimum)		dBm		14		14		14		14		14		12.5		14		12		14		12.5		14		14		14		14

		(10)		Peak EIRP (nominal)		dBm		24.05		22.35		25.25		22.5		24.9		23.9		26.15		23.65		25.25		24.05		26.55		25.55		23.85		22.15

		(11)		Tolerance		dB		3.85		3.95		3.75		3.95		3.85		3.45		3.85		3.95		2.85		3.45		2.85		3.45		3.85		3.95

		(12)		Peak EIRP (minimum)		dBm		20.2		18.4		21.5		18.55		21.05		20.45		22.3		19.7		22.4		20.6		23.7		22.1		20		18.2

				Verification

				peak EIRP(nomianl) (4)+(5)+(6)+(8)+10*log10((1)) ( nominal implementation loss  )		dBm		24.07		22.37		25.27		22.52		24.92		23.92		26.17		23.67		25.27		22.57		26.57		25.57		23.87		22.17

				Difference from Peak EIRP(nominal) (10)		dB		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		1.48		-0.02		-0.02		-0.02		-0.02

				peak EIRP(minimum) (4)+(5)+(7)+(8)+10*log10((1)) ( worst implementation loss  )		dBm		21.22		19.42		22.52		19.57		22.57		21.47		22.32		20.72		22.42		20.12		24.72		23.12		21.02		19.22

				Difference from Peak EIRP(minimum) (12) 		dB		-1.02		-1.02		-1.02		-1.02		-1.52		-1.02		-0.02		-1.02		-0.02		0.48		-1.02		-1.02		-1.02		-1.02



				Realized antenna arraya gain ( 10log10( (1)) + (2) + (3) )		dBi		8.0		7.5		10.0		8.5		7.5		9.0		9.0		9.5		9.5		9.0		8.0		7.0		9.0		8.5

				Minimum TRP

				(8) + 10log10( (1) ) + (7)		dBm		10.4		9.1		10.0		8.6		12.6		10.0		11.3		9.2		10.4		8.3		13.9		13.3		9.2		7.9

				FR2a Min		dBm		9.2

				FR2b Min		dBm		7.9





Independent Amp for 2 pol

				Table 7.2.1.4.1-1: Survey of reported minimum peak EIRP for Power class 

				Parameter		Unit		Source 1				Source 2				Source 3				Source 4				Source 5				Source 6				Source 7

				Frequency range		GHz		24.2-29.5		37-40		24.2-29.5		37-40		24.2-29.5		37-40		24.2-29.5		37 - 40		24.2-29.5		37 – 40		24.2-29.5		37 – 40		24.2-29.5		37-40

		(1)		# ant elements				4		4		4		4		4		4		4		4		4		4		4		4		4		4

		(2)		Avg. element gain(per polarization)		dBi		4		4		5		4		4.5		4.5		4		4.5		4.5		4.5		2.5		1.5		4		4

		(3)		Antenna roll-off loss vs frequency		dB		-2		-2.5		-1		-1.5		-3		-1.5		-1		-1		-1		-1.5		-0.5		-0.5		-1		-1.5

		(4)		Realized antenna array gain		dBi		8		7.5		10		8.5		7.5		9		9		9.5		9.5		9		8		7		9		8.5

		(5)		Polarization gain		dB		2.8		2.8		2.5		2.5		2.5		2.5		2		2		2.5		2.8		2.8		2.8		2.8		2.8

		(6)		Total implementation loss (nominal)		dB		-6.75		-7.95		-7.25		-8.5		-5.1		-6.1		-4.85		-5.85		-6.75		-7.75		-4.25		-4.25		-7.95		-9.15

		(7)		Total implementation loss (worst-case)		dB		-9.6		-10.9		-10		-11.45		-7.45		-8.55		-8.7		-8.8		-9.6		-10.2		-6.1		-6.7		-10.8		-12.1

		(8)		P1d per PA (nominal)		dBm		14		14		14		14		14		12.5		14		12		14		12.5		14		14		14		14

		(9)		P1d per PA (minimum)		dBm		14		14		14		14		14		12.5		14		12		14		12.5		14		14		14		14

		(10)		Peak EIRP (nominal)		dBm		24.05		22.35		25.25		22.5		24.9		23.9		26.15		23.65		25.25		24.05		26.55		25.55		23.85		22.15

		(11)		Tolerance		dB		3.85		3.95		3.75		3.95		3.85		3.45		3.85		3.95		2.85		3.45		2.85		3.45		3.85		3.95

		(12)		Peak EIRP (minimum)		dBm		20.2		18.4		21.5		18.55		21.05		20.45		22.3		19.7		22.4		20.6		23.7		22.1		20		18.2

				Verification

				peak EIRP(nomianl) (4)+(5)+(6)+(8)+10*log10(2*(1)) ( nominal implementation loss  )		dBm		27.08		25.38		28.28		25.53		27.93		26.93		29.18		26.68		28.28		25.58		29.58		28.58		26.88		25.18

				Difference from Peak EIRP(nominal) (10)		dB		-3.03		-3.03		-3.03		-3.03		-3.03		-3.03		-3.03		-3.03		-3.03		-1.53		-3.03		-3.03		-3.03		-3.03

				peak EIRP(minimum) (4)+(5)+(7)+(8)+10*log10(2*(1)) ( worst implementation loss  )		dBm		24.23		22.43		25.53		22.58		25.58		24.48		25.33		23.73		25.43		23.13		27.73		26.13		24.03		22.23

				Difference from Peak EIRP(minimum) (12) 		dB		-4.03		-4.03		-4.03		-4.03		-4.53		-4.03		-3.03		-4.03		-3.03		-2.53		-4.03		-4.03		-4.03		-4.03



				Realized antenna arraya gain ( 10log10( (1)) + (2) + (3) )		dBi		8.0		7.5		10.0		8.5		7.5		9.0		9.0		9.5		9.5		9.0		8.0		7.0		9.0		8.5

				Minimum TRP

				(8) + 10log10( 2*(1) ) + (7)		dBm		13.4		12.1		13.0		11.6		15.6		13.0		14.3		12.2		13.4		11.3		16.9		16.3		12.2		10.9



				FR2a Min		dBm		12.2

				FR2b Min		dBm		10.9






