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1
Introduction
In RAN4 meeting #74 WF for UL 64-QAM was agreed [1] and recaptured below.
· It is proposed to use [8%] EVM for UL 64QAM as basis to evaluate MPR/A-MPR requirements
· Companies can provide system simulation results to verify the system gain for the proposed EVM value in RAN4#74bis meeting
· Single carrier/inter-band CA
· MPR values for UL 64QAM for contiguous and non-contiguous resource allocation are defined
· Need for dedicated A-MPR for UL 64QAM should be studied
· Intra-band CA
· Example CA combination(S) is chosen
· Both MPR and A-MPR need to be defined for UL 64QAM for contiguous and non-contiguous resource allocation
Simulation assumptions for evaluation of MPR/A-MPR
· PA operating point: UTRAACLR1 = 33 dBc @ Pout = 22 dBm for 100RB QPSK signal
· Modulator IQ imbalance = 25 dBc
· Modulator carrier leakage = 25 dBc
· Modulator C_IM3 = 60 dBc
· Phase noise=[33] dBc
· Transceiver noise= [-29.5] dBc
In this contribution we provide initial simulation results for UL 64-QAM MPR for contiguous allocation.
2
Discussion
2.1 Simulator set-up
For the uplink 64-QAM MPR study a simulator model as presented in Figure 1 was used. The impairments used in the simulations were according to WF [1].
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Figure 1 Simulator model for ul 64-QAM MPR study

In first simulation we studied followring requirements as a function of MPR. 

· UTRAACLR1
· UTRAACLR2
· E-UTRAACLR
· General spectrum emission mask

· General spurious emission requirement

· Error vector magnitude

PA operating point was set so that most demanding ACLR requirement was just met for fully allocated QPSK-signal with 1 dB MPR. For these PAs the gating factor was the UTRAACLR2, with the exception of 1.4 MHz channel which was limited by the E- UTRAACLR. 
2.2 UTRAACLR1 and EVM as a function of MPR

Results for 10 MHz carrier are presented in Figures 2 - 5. From the figures we can see that for QPSK the UTRAACLR1 requirement of 33 dBc is met with 1 dB MPR as expected as this was the calibration point. 16-QAM requires about 0.5 dB more MPR than QPSK which is expected result based on earlier simulation campaings in RAN4. Based on this simulation 64-QAM does not seem to require much more MPR compared to 16-QAM, perhaps 0.1..0.2 dB more hence it seems that it might be possible to meet the ACLR requirements with these PA models for 64-QAM having same MPR as for 16-QAM. Similar conclusion was reached in [2]

In previous RAN4 meeting [2] indicated that for 64-QAM the EVM requirement could be more challenging than ACLR requirement. In our study 8% EVM target was not more demanding than the UTRAACLR1 requirements as can be seen in Figures 2-5. 
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Figure 2: PA 1 UTRAACLR1 and EVM as a function of MPR
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Figure 3: PA 2 UTRAACLR1 and EVM as a function of MPR
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Figure 4: PA 3 UTRAACLR1 and EVM as a function of MPR
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Figure 5: PA 4 UTRAACLR1 and EVM as a function of MPR
2.3 UTRAACLR1 and EVM as a function of MPR for bands below 1 GHz
Carrier leakage and IQ-imbalance requirements are 3 dB tighter for bands below 1 GHz from release 11 onwards. From Figures 6-8 it can be seen that EVM performance is improved with better modulator performance.
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Figure 6: PA 1 UTRAACLR1 and EVM as a function of MPR for bands below 1 GHz
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Figure 7: PA 2 UTRAACLR1 and EVM as a function of MPR for bands below 1 GHz
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Figure 8: PA 3 UTRAACLR1 and EVM as a function of MPR for bands below 1 GHz
2.4 Required MPR for all the metrics
In Tables 1 and 2 we present the required MPR for various emission requirements and EVM, both for bands below and above 1 GHz. MPR = 0 equals +23 dBm output power and calibration has been done for all channel bandwidths individually such way that most demending ACLR requirement is met for QPSK with 1 dB back off. Deviation from exact 1 dB value are due to granularity in calibration function. As an exception is 1.4 MHz which used same PA input power level as 20 MHz signal. Without this modification, due to the loose ACLR requirements of the 1.4 MHz channel, the PA would be driven deeper into saturation, resulting in higher EVM and thus higher required MPR  (in the order of MPR = 2.5 dB), which would not be in line with the other channel bandwidths. We consider this as a matter of PA model calibration that does not warrant higher MPR. 
All linearity requirements and 8 % EVM target for 64-QAM were met with 2 dB MPR which suggests that 64-QAM would not need additional 1 dB MPR over 16-QAM.
Table 1. MPR for bands above 1 GHz
	1.4 MHz
	Full allocation, calibrated for 20 MHz channel
	
	

	 
	MPR required by each limit

	Modulation
	UTRA ACLR1
	UTRA ACLR2
	E-UTRA ACLR
	SEM
	spur
	EVM

	QPSK
	0.00
	0.00
	0.28
	0.00
	0.00
	0.00

	16QAM
	0.00
	0.00
	0.80
	0.00
	0.00
	0.00

	64QAM
	0.00
	0.00
	0.94
	0.00
	0.00
	1.60

	
	
	
	
	
	
	

	3 MHz
	Full allocation
	
	
	
	

	 
	MPR required by each limit

	Modulation
	UTRA ACLR1
	UTRA ACLR2
	E-UTRA ACLR
	SEM
	spur
	EVM

	QPSK
	0.96
	0
	0.53
	0
	0
	0

	16QAM
	1.44
	0
	1.1
	0.28
	0
	0

	64QAM
	1.59
	0
	1.26
	0.32
	0
	1.16

	
	
	
	
	
	
	

	5 MHz
	Full allocation
	
	
	
	

	 
	MPR required by each limit

	Modulation
	UTRA ACLR1
	UTRA ACLR2
	E-UTRA ACLR
	SEM
	spur
	EVM

	QPSK
	0.96
	0
	0.38
	0
	0
	0

	16QAM
	1.46
	0
	0.91
	0.23
	0
	0

	64QAM
	1.6
	0
	1.05
	0.33
	0
	0.89

	
	
	
	
	
	
	

	10 MHz
	Full allocation
	
	
	
	

	 
	MPR required by each limit

	Modulation
	UTRA ACLR1
	UTRA ACLR2
	E-UTRA ACLR
	SEM
	spur
	EVM

	QPSK
	0.98
	0
	0.57
	0
	0
	0

	16QAM
	1.55
	0
	1.13
	0
	0
	0

	64QAM
	1.68
	0
	1.23
	0.04
	0
	1.14

	
	
	
	
	
	
	

	15 MHz
	Full allocation
	
	
	
	

	 
	MPR required by each limit

	Modulation
	UTRA ACLR1
	UTRA ACLR2
	E-UTRA ACLR
	SEM
	spur
	EVM

	QPSK
	1
	0.9
	0.87
	0
	0
	0

	16QAM
	1.54
	1.34
	1.38
	0
	0
	0

	64QAM
	1.66
	1.44
	1.48
	0
	0
	1.39

	
	
	
	
	
	
	

	20 MHz
	Full allocation
	
	
	
	

	 
	MPR required by each limit

	Modulation
	UTRA ACLR1
	UTRA ACLR2
	E-UTRA ACLR
	SEM
	spur
	EVM

	QPSK
	0.8
	1.04
	0.92
	0
	0
	0

	16QAM
	1.38
	1.54
	1.44
	0
	0
	0

	64QAM
	1.52
	1.65
	1.57
	0
	0
	1.5


Table 2. MPR for bands below 1 GHz
	1.4 MHz
	Full allocation, calibrated for 20 MHz channel
	
	

	 
	MPR required by each limit

	Modulation
	UTRA ACLR1
	UTRA ACLR2
	E-UTRA ACLR
	SEM
	spur
	EVM

	QPSK
	0
	0
	0.27
	0
	0
	0

	16QAM
	0
	0
	0.82
	0
	0
	0

	64QAM
	0
	0
	0.94
	0
	0
	1.22

	
	
	
	
	
	
	

	3 MHz
	Full allocation
	
	
	
	

	 
	MPR required by each limit

	Modulation
	UTRA ACLR1
	UTRA ACLR2
	E-UTRA ACLR
	SEM
	spur
	EVM

	QPSK
	1.01
	0
	0.58
	0
	0
	0

	16QAM
	1.51
	0
	1.13
	0.26
	0
	0

	64QAM
	1.61
	0
	1.23
	0.33
	0
	0.67

	
	
	
	
	
	
	

	5 MHz
	Full allocation
	
	
	
	

	 
	MPR required by each limit

	Modulation
	UTRA ACLR1
	UTRA ACLR2
	E-UTRA ACLR
	SEM
	spur
	EVM

	QPSK
	0.95
	0
	0.4
	0
	0
	0

	16QAM
	1.51
	0
	0.97
	0.26
	0
	0

	64QAM
	1.63
	0
	1.09
	0.35
	0
	0.58

	
	
	
	
	
	
	

	10 MHz
	Full allocation
	
	
	
	

	 
	MPR required by each limit

	Modulation
	UTRA ACLR1
	UTRA ACLR2
	E-UTRA ACLR
	SEM
	spur
	EVM

	QPSK
	0.97
	0
	0.57
	0
	0
	0

	16QAM
	1.56
	0
	1.13
	0
	0
	0

	64QAM
	1.68
	0
	1.23
	0.06
	0
	0.74

	
	
	
	
	
	
	

	15 MHz
	Full allocation
	
	
	
	

	 
	MPR required by each limit

	Modulation
	UTRA ACLR1
	UTRA ACLR2
	E-UTRA ACLR
	SEM
	spur
	EVM

	QPSK
	1.03
	0.95
	0.91
	0
	0
	0

	16QAM
	1.55
	1.38
	1.39
	0
	0
	0

	64QAM
	1.68
	1.48
	1.51
	0
	0
	0.98

	
	
	
	
	
	
	

	20 MHz
	Full allocation
	
	
	
	

	 
	MPR required by each limit

	Modulation
	UTRA ACLR1
	UTRA ACLR2
	E-UTRA ACLR
	SEM
	spur
	EVM

	QPSK
	0.79
	1.05
	0.93
	0
	0
	0

	16QAM
	1.4
	1.56
	1.46
	0
	0
	0

	64QAM
	1.54
	1.7
	1.6
	0
	0
	1.1


2.5 PAPR for different modulation schemes

The peak to average power ratio (PAPR) is the peak amplitude squared (giving the peak power) divided by the RMS value squared (giving the average power). PAPR can be used to estimate the needed power backoff diference between modulation schemes.

PAPR:

QPSK = 4.228 dB

16-QAM = 5.194 dB

64-QAM = 5.246 dB
From the PAPR values above we can calculate that difference between QPSK and 16-QAM is 0.966 dB and difference between 16-QAM and 64-QAM is 0,046 dB. These differences are not exactly what was observed MPR differences but gives assurance that from MPR point of view 16-QAM and 64-QAM are quite close.
2.6
EVM partitioning vs. directly simulated EVM
In [2], EVM contributions of error sources were determined and combined in order to obtain the overall EVM. This EVM partitioning approach is based on the assumption that the error components are additive and uncorrelated, hence their squares can be summed up. However, our simulation results show that EVM partitioning produces higher EVM figures than simulating the overall EVM. This is exemplified in Table 3 which presents the EVM at PA output when either only a single error source is included or all error sources but one are included in the simulation. For each such pair of complementary cases, the combined EVM is presented in the last column. The overall EVMs obtained from EVM partitioning and direct simulation are given in the highlighted cells.  The main reason for the EVM difference between these two methods is PA nonlinearity. The difference is small, but given the gentle slope of the EVM vs. MPR (see Fig. 2 to 8), it can deviate the required MPR by 0.2 to 0.6 dB according to our simulations. This partially explains the difference between our MPR results and those in [2].

In Table 3, the small residual EVM observed when all nonidealities are switched off can be mostly attributed to imperfect cancellation of carrier leakage in the EVM computation. This error is too small to explain the EVM differences between the two methods.
Table 3. Difference between EVM figures obtained through EVM partitioning and direct simulation 
(PA3 above 1 GHz, 10 MHz channel, full allocation, MPR = 1 dB)
	 
	EVM [%]

	Nonideality
	On,
others off
	Off,
others on
	[image: image1.emf]D/A
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Modulator C_IM3 = 60 dBc
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Transceiver noise= [-29.5] dBc

PA is operated at normal 3GPP operating point 

where it just meets the linearity requirements. 

That equald roughly 4% contribution to EVM



	Carrier leakage
	0.4 %
	7.7 %
	7.7 %

	I/Q image
	5.2 %
	6.2 %
	8.1 %

	CIM3
	0.4 %
	7.8 %
	7.8 %

	Phase noise
	2.2 %
	7.4 %
	7.8 %

	TX noise
	3.1 %
	7.1 %
	7.8 %

	PA nonlinearity
	5.0 %
	6.4 %
	8.1 %

	Combined
	8.2 %
	N/A
	N/A

	 

	 
	All on
	All off
	 

	All error sources
	7.7 %
	0.3 %
	N/A


3
Conclusion

In this contribution we present simulation results for 64-QAM MPR. In our studies it was observed that 64-QAM might not require additional 1 dB of MPR compared to 16-QAM.
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