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1 Introduction

Way forward on UL 64QAM was agreed at RAN4 #74 meeting, which includes the simulation assumptions for evaluation of MPR and A-MPR and which cases should be included in the simulation [1]. Contribution [2] we submitted at last meeting has provided evaluation on MPR/A-MPR requirements for contiguous RB allocation case. Way forward [3] agreed at last meeting shows further simulation and evaluation for MPR of UL 64QAM are needed. In this contribution, we made further research on ACLR and EVM limitation to MPR for single carrier and intra band CA.
2 MPR evaluation
2.1 ACLR based simulation
PA operating point is set so that the most demanding requirement of UTRA ACLR1, UTRA ACLR2 and E-UTRA ACLR are met. 

Figure 1 shows calibrated PA requirement for power back off to single carrier with QPSK modulation. Simulation results are enumerated with different bandwidth and scheduled RB numbers.
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Figure 1 MPR for single carrier of QPSK modulation
From figure 1, it is observed that maximum power back off is not determined by point of largest bandwidth (20MHz) and full RB allocation. PA model is calibrated so that MPR is no larger than 1 dB for QPSK modulation defined in table 6.2.3-1 of [4]. 
Figure 2 shows power back off requirement to single carrier with 64QAM modulation compared to 16QAM modulation for different bandwidths and scheduled RB numbers.
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Figure 2 MPR for single carrier of 64QAM and 16QAM modulation
From this figure, it is observed that MPR value for 16 QAM is less than 1dB for small number of scheduled RBs and less than 2dB for large number of scheduled RBs. This observation is also same with definition in table 6.2.3-1 of [4]. 

Regarding 64QAM, for 10MHz 18RB case, nearly no more back off for 64QAM is needed compared to that of 16QAM. For 100RB case, 0.2dB more back off for 64QAM is needed compared to 16QAM. Moreover, the absolute MPR values shown for 64QAM are also less than 1dB for small number of scheduled RBs and less than 2dB for large number of scheduled RBs. So MRP requirement for 16QAM can also cover the power backoff of 64QAM, which means ACLR is not the limiting factor for determine the MPR requirements for 64QAM.
2.2 EVM based simulation

EVM is commonly used as a metric for the transmitter signal quality, in particular when it is related to any RF hardware impairments in the system. RF hardware impairments include PA nonlinearity, IQ imbalance, phase noise and transceiver nonlinearity. In this contribution we mainly simulate EVM performance under the RF impairment of PA nonlinearity for single carrier and Intra-band CA. 
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Figure 3 SC-FDMA modulation and demodulation and EVM measurement point
LTE uses Single Carrier (SC) FDMA for the uplink, and the basic structure of SC-FDMA is shown in Figure 3. In this structure, EVM is measured at the symbol detection input. According to Annex F.2 of [4], the EVM is the difference between the ideal waveform and the measured waveform for the allocated RB(s) and can be expressed as:
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Where
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 modulation symbols with the considered modulation scheme being active within the measurement period,
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 are the samples of the signal evaluated for the EVM,
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 is the ideal signal reconstructed by the measurement equipment, and
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 is the average power of the ideal signal. For normalized modulation symbols 
[image: image10.wmf]0

P

 is equal to 1.
2.2.1 Single carrier

To evaluate UL 64QAM MPR, firstly we check ACLR vs MPR in the section 2.1 and the results show that ACLR has little impact on MPR for 16QAM and 64QAM. In this section we adopt the same PA model and PUSCH source data to evaluate the impact of EVM performance on MPR.

Based on the simulation assumptions agreed in [1], considering the implementation impairments of transceiver noise, phase noise and IQ imbalance, the EVM caused by PA non-linearity should be less than 4% if the total EVM is assumed as 8%.

	Tx EVM contributor
	EVM

	PA
	4%

	Transceiver
	-29.5 dB

	Phase noise
	-33 dBc

	IQ imbalance
	-25 dBc


The PA model is calibrated with QPSK modulation to meet the ACLR requirement and we obtain the PA output power as 28dBm in the platform. Changing the modulation to 64QAM and taking the PA input power backoff as a variable parameter, the curves of EVM vs power backoff are shown in the Figure 4.
[image: image11.wmf]0

1

2

3

4

0

2

4

6

8

EVM of UL 64QAM for SC

EVM (%)

Power back off (dB)

 

64QAM 20MHz 100RB

 

64QAM 20MHz 18RB

 

64QAM 5MHz 25RB

 

64QAM 5MHz 8RB


Figure 4 EVM versus power backoff of UL 64QAM for SC
In this figure, regarding the EVM performance, same result can be observed with different bandwidth and scheduled RB number. When back off is 2dB, the EVM value caused by PA is lower than 4%. 

Proposal 1: It is proposed to define 2 dB MPR for 64 QAM of single carrier for small number of scheduled RBs and 3dB MPR for large number of scheduled RBs, where extra 1dB is defined for A-MPR consideration, which will be discussed later.
The proposed MPR for UL 64QAM of single carrier is listed in Table 1.

Table 1 Proposed MPR for UL 64QAM of single carrier
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2

	64 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 2

	64 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 3


2.2.2 Intra-band CA
EVM performance for Intra-band CA is show in the figure 5. In this figure, we take two channel BW combinations of CA as example to evaluate performance of EVM versus power backoff by different number of scheduled RBs.
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Figure 5 EVM versus power backoff of UL 64QAM for Intra-band CA
From figure 5, it can be seen that to meet EVM 4% requirement obtained by SC case, for small number of scheduled RBs power backoff is equal to 2dB shown as label of 20MHz+20MHz 18RB and 5MHz+20MHz 8RB, for media and large number of scheduled RBs power backoff is equal to 3dB and 4dB respectively.

Proposal 2: It is proposed to define additional 1dB more MPR for intra-band CA of 64 QAM compared to that of 16QAM for all RB allocations.
The proposed MPR for UL 64QAM of CA is listed in Table 2.
Table 2 Proposed MPR for UL 64QAM of CA
	Modulation
	CA bandwidth Class C
	MPR (dB)

	
	25 RB + 100 RB
	50 RB + 100 RB
	75 RB + 75 RB
	75 RB + 100 RB
	100 RB + 100 RB
	

	QPSK
	> 8 and ≤ 25
	> 12 and ≤ 50
	> 16 and ≤ 75
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 1

	QPSK
	> 25
	> 50
	> 75
	> 75
	> 100
	≤ 2

	16 QAM
	≤ 8
	≤ 12
	≤ 16
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 8 and ≤ 25
	> 12 and ≤ 50
	> 16 and ≤ 75
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 2

	16 QAM
	> 25
	> 50
	> 75
	> 75
	> 100
	≤ 3

	64 QAM
	≤ 8
	≤ 12
	≤ 16
	≤ 16
	≤ 18
	≤ 2

	64 QAM
	> 8 and ≤ 25
	> 12 and ≤ 50
	> 16 and ≤ 75
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 3

	64 QAM
	> 25
	> 50
	> 75
	> 75
	> 100
	≤ 4


3 A-MPR evaluation
Considering that there are too many Network Signalings for single carrier and CA combinations, we pick up some TDD bands as example bands for A-MPR simulationsto see if we can find some general rules to define A-MPR requirements for both single carrier and carrier aggregation cases.
3.1 Single Carrier
A-MPR simulation results for Band41 are provided in this contribution.
[image: image13.emf]0 10 20 30 40 50

5

10

15

20

25

30

35

40

45

50

RB

start

L

CRB

16QAM A-MPR

 

 

0

0.5

1

1.5

2

2.5

3

3.5

4

 [image: image14.emf]0 10 20 30 40 50

5

10

15

20

25

30

35

40

45

50

RB

start

L

CRB

64QAM A-MPR

 

 

0

0.5

1

1.5

2

2.5

3

3.5

4


Figure 6 A-MPR evaluation of UL 64QAM for single carrier
Figure 6 shows the A-MPR simulation results for 16QAM and 64QAM for B41 single carrier. 
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Figure 7 Comparison of A-MPR between 64QAM and 16QAM for B41 single carrier
Figure 7 shows the comparison of A-MPR between 64QAM and 16QAM for B41 single carrier. It can be observed that for only few RB allocations, A-MPR of 64QAM is larger than that of 16QAM, but the maximum additional power backoff is less than 1dB.
Though the simulation has not been done for every NS for single carrier, based on the results for B41 and 42 [2], we see that the A-MPR difference between 64QAM and 16QAM is not obvious and 1dB relaxation could be enough. Therefore, we propose to add the relaxation to MPR and keep A-MPR unchanged for 64QAM. 
Proposal 3: It is proposed to keep A-MPR requirements unchanged for single carrier and only define MPR requirements for UL 64QAM.

3.2 Intra-band CA
A-MPR simulation results for CA_38C, CA_39C and CA_41C are provided in this contribution.
3.2.1 CA_38C
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Figure 8 A-MPR evaluation of UL 64QAM for CA_38C

Figure 8 shows the A-MPR simulation results for 16QAM and 64QAM for CA_38C.
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Figure 9 Comparison of A-MPR between 64QAM and 16QAM for CA_38C

Figure 9 shows the comparison of A-MPR between 64QAM and 16QAM for CA_38C. It can be observed that for some RB allocations, A-MPR of 64QAM is larger than that of 16QAM, but for some RB allocation, the situation is reverse. For all RB allocations, one more dB power backoff is enough for 64QAM.
3.2.2 CA_39C
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Figure 10 A-MPR evaluation of UL 64QAM for CA_39C

Figure 10 shows the A-MPR simulation results for 16QAM and 64QAM for CA_39C.
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Figure 11 Comparison of A-MPR between 64QAM and 16QAM for CA_39C

Figure 11 shows the comparison of A-MPR between 64QAM and 16QAM for CA_39C. It can be observed that for some RB allocations, A-MPR of 64QAM is larger than that of 16QAM, but for some RB allocation, the situation is reverse. For all RB allocations, one more dB power backoff is enough for 64QAM.
3.2.3 CA_41C
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Figure 12 A-MPR evaluation of UL 64QAM for CA_41C
Figure 12 shows the A-MPR simulation results for 16QAM and 64QAM for CA_41C.
[image: image24.emf]0 40 80 120 160 200

20

40

60

80

100

120

140

160

180

200

RB

start

L

CRB

Comparison of A-MPR for 64QAM and 16QAM

 

 

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2


Figure 13 Comparison of A-MPR between 64QAM and 16QAM for CA_41C

Figure 13 shows the comparison of A-MPR between 64QAM and 16QAM for CA_41C. The results are a little bit different from those for CA_38C and CA_39C. More A-MPR is needed for CA_41C. CA_NS_04 was also mentioned as an exception in [5]. 
We know that A-MPR can be used alone for intra-band contiguous CA if NS value is signalled, in this case, carrier aggregation MPR = 0dB. Based on the simulation results above, we see that for most CA band combinations, the additional power backoff for 64QAM does not exceed 1dB compared to the A-MPR of 16QAM and CA_41C is an exception. We propose to define A-MPR for 64QAM in a general way but allow some exceptions. For example, when NS value is signalled for a CA band combination, carrier aggregation MPR = 1dB. But for CA_NS_04, carrier aggregation MPR could be relaxed to 2dB.
Proposal 4: It is proposed to keep A-MPR requirements unchanged for intra-band CA and define additional power backoff in MPR requirements for UL 64QAM. Exceptions can be considered for some CA band combinations in the carrier aggregation MPR requirement.
4 Conclusion

This contribution provides evaluation on MPR/A-MPR requirements for contiguous RB allocation cases of single carrier and intra-band CA. 
Based on the simulation results, the following proposals are proposed for contiguous RB allocation:
Proposal 1: It is proposed to define 2 dB MPR for intra-band CA 64 QAM for small RB allocations and 3dB MPR for large RB allocations.
Proposal 2: It is proposed to define additional 1dB more MPR for intra-band CA of 64 QAM compared to that of 16QAM for all RB allocations.
Proposal 3: It is proposed to keep A-MPR requirements unchanged for single carrier and only define MPR requirements for UL 64QAM.

Proposal 4: It is proposed to keep A-MPR requirements unchanged for intra-band CA and define additional power backoff in MPR requirements for UL 64QAM. Exceptions can be considered for some CA band combinations in the carrier aggregation MPR requirement.
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