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1 Introduction
This contribution provides the text proposal to add the MPR simulation results based on [1-8] from different vendors into corresponding clause of the TR.
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5.2
Evaluations


The cases in Table 5.2-1 are simulated to evaluate MPR requirements for UL 64QAM.

Table 5.2-1 Simulation cases for evaluation of MPR requirements
	Case 
	Back off 
	Single carrier or CA 
	RB allocation 
	Format in current specification

	1
	MPR 
	Single carrier 
	contiguous 
	table 

	2
	MPR 
	Single carrier 
	non-contiguous 
	formula 

	3
	MPR 
	Intra-band contiguous CA 
	contiguous 
	table 

	4
	MPR 
	Intra-band contiguous CA 
	non-contiguous 
	formula 


<Next Section>

5.2.2 
Results of vendor A

The simulation results and proposals are based on [2].
Figure 5.2.2-1 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 5.2.2-1 MPR for single carrier of QPSK modulation
From figure 5.2.2-1, it is observed that maximum power back off is not determined by point of largest bandwidth (20MHz) and full RB allocation.
Figure 5.2.2-2 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 5.2.2-2 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. 

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
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 5.2.2-3.
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Figure 5.2.2-3 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.
EVM performance for Intra-band CA is show in the figure 5.2.2-4. 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 5.2.2-4 EVM versus power backoff of UL 64QAM for Intra-band CA
From figure 5.2.2-4, 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.
5.2.3 
Results of vendor B
The simulation results and proposals are based on [3, 4].
The simulations were PA only run against 8% EVM requirement where 4% was allocated to the PA. The PA's were calibrated to just meet ACLR requirements.  ACLR, SEM, and spurious emissions were checked separately and found to also conform with recommendations provided in this contribution.

Table 5.2.3-1 below for case 3 reaffirms the previous conclusion that an additional 1 dB is required for 64QAM relative to 16QAM.

Table 5.2.3-1 MPR needed for case 3 intra-band contiguous CA for EVM, no CA_NS signalled
	Bandwidth combination
	CC1
	CC2
	Backoff needed
	16QAM MPR specification

	
	RBstart
	L_CRB
	RBstart
	L_CRB
	
	

	20 + 20
	0
	100
	0
	100
	2.3
	3

	20 + 20
	24
	64
	0
	0
	1.4
	2

	20 + 20
	68
	32
	0
	32
	2.3
	2

	20 + 20
	0
	1
	0
	0
	1.3
	1

	20 + 20
	60
	40
	0
	100
	2.2
	3

	20 + 20
	0
	18
	0
	0
	2.1
	1

	20 + 20
	0
	100
	0
	0
	1.4
	2

	5+20
	0
	25
	0
	100
	3.1
	3

	10+20
	0
	50
	0
	100
	2.5
	3

	15+20
	0
	75
	0
	100
	2.3
	3


Table 5.2.3-2 for case 4 illustrates a small set of non-contiguous RB allocations where the backoff required for 64QAM to meet EVM is well below the backoff required to meet ACLR, SEM, and spurious emissions.  Moreover, since 64QAM ACLR, SEM, and spurious emissions can be met with the same backoff as allowed for 16QAM, then no addtional backoff is required for 64QAM. We generalize this conclusion to other non-contiguous RB allocation cases as well since the backoff is dominated by emissions rather than by EVM.

Table 5.2.3-2 MPR needed for case 4 intra-band contiguous CA, non-contiguous resource allocation, for EVM, no CA_NS signalled
	Bandwidth combination
	CC1
	CC2
	Backoff needed
	16QAM MPR specification

	
	RBstart
	L_CRB
	RBstart
	L_CRB
	
	

	20 + 20
	0
	1
	99
	1
	1.9
	8

	20 + 20
	68
	32
	0
	32
	2.3
	4

	20 + 20
	0
	36
	64
	36
	2
	4

	20 + 20
	0
	15
	85
	15
	2
	6

	20 + 20
	0
	60
	40
	60
	2
	3.5

	20 + 20
	1
	1
	15
	1
	1.9
	4.5

	20 + 20
	0
	40
	60
	40
	2
	3.5

	20 + 20
	0
	25
	75
	25
	1.9
	4

	20 + 20
	0
	80
	20
	80
	2.1
	3.5

	20 + 20
	52
	1
	47
	1
	1.9
	6


Table 5.2.3-3 for case 7 shows several cases where backoff is insufficient to meet 64QAM EVM when CA_NS is signaled. We recommend that the CA_NS A-MPR requirements for 64QAM are studied more carefully. To avoid unnecessary A-MPR, it is recommended that case-by-case treatment may be needed.

Table 5.2.3-3 A- MPR needed for case 7 intra-band contiguous CA, contiguous resource allocation, for EVM, with CA_NS signaled
	Bandwidth combination
	CA_NS
	CC1
	CC2
	Backoff needed
	16QAM MPR specification

	
	
	RBstart
	L_CRB
	RBstart
	L_CRB
	
	

	20 + 20
	01, 02, 03, 06
	24
	64
	0
	0
	1.4
	0

	20 + 20
	01, 02, 03, 04, 06
	68
	32
	0
	32
	2.3
	0

	20 + 20
	05
	0
	18
	0
	0
	2.1
	2

	20 + 20
	04
	0
	100
	0
	0
	1.4
	0


In [3], recommended MPR and A-MPR are provided for cases 6 and 7, and the MPR for case 3 is revisited. Case 5 remains TBD.

The method of analysis is as follows. The MPR and A-MPR recommendations were obtained by partitioning and allocating the UE Tx EVM requirement of 8% to various components in the transmitter chain. The PA was allocated 4% Tx EVM and studies were conducted to determine the backoff required to simultaneously meet the EVM budget as well as the ACLR, SEM, and spurious emission requirements when stimulated with a 64QAM uplink waveform.  For cases where NS or CA_NS is specified, additional spectrum emission requirements must also be met. It was found that EVM was often the limiting factor driving the backoff requirements; however, containment of emissions also requires consideration compared to 16QAM. The analysis typically revealed, for example, that an additional 0.5 dB backoff compared to 16QAM might be required to meet emission requirements; however, an additional backoff of 2 dB compared to 16QAM might be required to meet EVM. The two are not additive, of course, so the additional 2dB for EVM would be sufficient to allow the UE to meet emissions requirements as well, in this example.
Case 3: MPR for intra-band contiguous CA
In [3] it was reported that the MPR for intra-band contiguous CA was required to be 1 dB additional compared to 16QAM. Further study has shown that this recommendation can be further refined. In particular, for allocations spanning both component carriers, it was found that the backoff needed was 3 dB compared to the previously reported 2 dB because of EVM. However, it was also found that for large allocations, the backoff needed is only 3 dB compared to the previously reported 4 dB.

Two alternatives are presented. The first is an optimized solution with minimum MPR over all regions. However, the MPR table becomes more complex, especially for non-symmetric channel bandwidths.  The second option is simpler in that a constant MPR is applied for all waveforms. However, the MPR for allocations extending across both CC's would be 2 dB for single carrier and 3 dB for class C intra-band CA. The following options are shown below in specification format.

For single carrier, the MPR for 64 QAM is 1 dB higher than for 16 QAM as proposed below:
Table 6.2.3-1: Maximum Power Reduction (MPR) for Power Class 1 and 3
	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


For contiguous intra-band CA class C, the MPR can either be more highly optimized 

Table 6.2.3A-1: Maximum Power Reduction (MPR) for Power Class 3

	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 and allocation wholly contained within a single CC
	≤ 12 and allocation wholly contained within a single CC
	≤ 16 and allocation wholly contained within a single CC
	≤ 16 and allocation wholly contained within a single CC
	≤ 18 and allocation wholly contained within a single CC
	≤ 2

	64 QAM
	> 8 or allocation extends across two CC's
	> 12 or allocation extends across two CC's
	> 16 or allocation extends across two CC's
	> 16 or allocation extends across two CC's
	> 18 or allocation extends across two CC's
	≤ 3


or can be less optimized but greatly simplified

Table 6.2.3A-1: Maximum Power Reduction (MPR) for Power Class 3

	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
	Any
	Any
	Any
	Any
	Any
	≤ 3


Case 6: A-MPR for single carrier NS

For single carrier operation, when NS is signaled, additional spectrum emission requirements apply. A-MPR is typically provided. Since this is single carrier operation, the A-MPR is additive to any MPR. In our studies, we have found that if MPR is provided according to case 1, that is, 1 dB additional MPR compared to 16QAM, then no additional A-MPR is needed to meet NS emission requirements. EVM is covered by the additional MPR as proposed.

Case 7: A-MPR for intra-band contiguous CA_NS

For intra-band contiguous CA with a continuous RB uplink allocation, the A-MPR provided when CA_NS is signaled is not additive to MPR. Therefore, the A-MPR table for each CA_NS was proposed to be studied case-by-case in [3].  All CA_NS tables were simulated. It was found that to meet emission requirements, additional A-MPR is required compared to 16 QAM by approximately 0.5 dB in some cases. For all cases, additional A-MPR (since no MPR is given) is needed to meet EVM requirements. Two approaches can be considered here. The first approach is to modify all CA_NS A-MPR tables to include a column for 64 QAM modulation. The second approach is to define the backoff for 64 QAM when CA_NS is signaled to be max(MPR, A-MPR) where the MPR is as proposed in Section 2.1 of this paper and the A-MPR is the existing A-MPR provided when CA_NS is signaled. The first option is more consistent with the currently method of defining A-MPR when CA_NS is signaled for intra-band CA but requires that each A-MPR table is examined and revised. The second option would apply a different approach to determining the A-MPR for 64 QAM when CA_NS is signaled, but would not require any change to the existing A-MPR tables.
5.2.4 
Results of vendor C
The simulation results and proposals are based on [5].

5.2.4.1 
Single carrier MPR as a function of #RB
In Figures 5.2.4.1-1~5.2.4.1-4 we present 64-QAM backoff values that were needed to be able to meet the standard emission requirements for different channel bandwidths as a function of allocation size. It can be noted that 64-QAM requires more MPR than 16-QAM especially for small allocations. In terms of absolute backoff it can be seen that all PA’s would not meet emission requirements for mid size allocations if allowed MPR is what is allowed for 16-QAM. 
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Figure 5.2.4.1-1: MPR vs. allocation size for 64-QAM; PA1
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Figure 5.2.4.1-2: MPR vs. allocation size for 64-QAM; PA2
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Figure 5.2.4.1-3: MPR vs. allocation size for 64-QAM; PA3
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Figure 5.2.4.1-4: MPR vs. allocation size for 64-QAM; PA4
Proposal 1: 64-QAM is allowed to have 1 dB more MPR than 16-QAM for single cluster allocations as in Table below.
5.2.4.2 
Single carrier Multi-cluster MPR
Figure 5.2.4.2-1 presents the MPR for single-CC non-contiguous allocations for 16-QAM and 64-QAM. All channel bandwidths are included in the same figure. It can be seen from the Figure 5.2.4.2-1that for non-contiguous resource allocation transmission 64-QAM does not need more MPR than16-QAM thus current MPR requirement is sufficient.

[image: image9.png]Back-off (4]

PA3

+ B4-0AM
© 1B-0AM
MPR formula in 6.2.3

‘

04 05 06 07 08 09
Allacation ratio





Figure 5.4.2.4-1 MPR required by 64-QAM and 16-QAM with single-CC multicluster allocations
Proposal 2: Current single carrier non-contiguous resource allocation MPR requirement is sufficient also for 64-QAM.
5.2.4.3 
MPR for contiguous intraband CA
In Figure 5.2.4.3-1~ 4 we present 64-QAM backoff values that were needed to be able to meet the standard CA emission requirements for 20 MHz +20 MHz case as a function of allocation size. All possible RBstart values were simulated.

It can be noted that 64-QAM requires more MPR than 16-QAM for all allocations sizes. Allocations sizes of 18 RB and smaller 64-QAM do not meet the requirements with 16-QAM MPR. For PA4 and mid size allocations there is hardly any margin if 16-QAM MPR is applied for 64-QAM.
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Figure 5.2.4.3-1: Maximum needed MPR as function of allocation size for PA1
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Figure 5.2.4.3-2 Maximum needed MPR as function of allocation size for PA2
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Figure 5.2.4.3-3 Maximum needed MPR as function of allocation size for PA3
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Figure 5.2.4.3-4 Maximum needed MPR as function of allocation size for PA4
Proposal: 64-QAM is allowed to have 1 dB more MPR than 16-QAM for intraband contiguous CA contiguously allocated transmissions for small allocations as presented in Table below.
5.2.5 
Results of vendor D
The simulation results and proposals are based on [6].

5.2.5.1 
MPR of 64QAM for single component carrier
To compare cubic metric according to the modulation order, we evaluated simulation based on the number of RB allocation and computed the CM/PAPR. From the CM calculation using raw data signal of SC-FDMA, we can depicted the CM level in Figure 5.2.5.1-1.
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Figure 5.2.5.1-1 Cubic metric level according to the number of allocated RB for SC-FDMA

Table 5.2.5.1-1 CM results for SC-FDMA based on modulation schemes
	Multiple Access schemes
	Modulation
	CM [dB]
	PAPR (99.9%) [dB]

	
	
	1RB
	Full RBs
	1RB
	Full RBs

	SC-FDMA
	QPSK
	1.22
	1.27
	5.64
	5.75

	
	16-QAM
	2.18
	2.22
	6.45
	6.52

	
	64-QAM
	2.34
	2.36
	7.00
	7.04


From the CM results in Table 5.2.5.1-1 and Figure 5.2.5.1-1, it is proposed the required MPR level of 64QAM for single component carrier as follow:
Table 5.2.5.1-2: Maximum Power Reduction (MPR) for Power Class 1 and 3

	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
	≤ 1

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


Figure 5.2.5.1-2 is MPR simulation results of 64QAM for 20MHz channel Bandwidth according to the RB allocation ratio A. And Figure 5.2.5.1-3 was collected the required MPR levels all supported channel BW in single component carrier according to the RB allocation ratio A.
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Figure 5.2.5.1-2: Required MPR mask for 20MHz CH BW
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Figure 5.2.5.1-3: Required MPR mask for 5/10/15/20MHz CH BW
In the Figure 5.2.5.1-3, we observe that the required MPR level of 64QAM for multi clustered transmission on single CC is needed more than the conventional MPR mask for 16QAM. From the observation, the required MPR mask of 64QAM is analyzed as follows
MPR = CEIL {MA, 0.5}

where MA is defined as follows

MA  =  10.0,

; 0< A ≤0.1
11.75-17.5A,
       ; 0.1< A ≤0.5

3.6-1.2A,   
       ; 0.5< A ≤1.0

where

A = NRB_alloc / NRB.

CEIL{MA, 0.5} means rounding upwards to closest 0.5dB, i.e. MPR∈[2.0, 2.5 3.0 3.5… 8.5.9.0 9.5 10.0].
5.2.5.2 
MPR of 64QAM for intra-contiguous CA
To analyze MPR values for intra-contiguous CA with class C (Maximum aggregated CBW 40MHz), we use same approach for single clustered transmission. From the CM calculation using raw Tx signal of intra-band contiguous CA, we can depicted the CM level in Figure 5.2.5.2-1.
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Figure 5.2.5.2-1. Cubic metric level according to the number of allocated RB for SC-FDMA
Table 5.2.5.2-1. CM results in intra-contiguous CA Class C based on modulation schemes
	Multiple Access schemes
	Modulation
	CM [dB]
	PAPR (99.9%) [dB]

	
	
	1RB
	Full RBs
	1RB
	Full RBs

	SC-FDMA
	QPSK
	2.53
	2.56
	7.32
	7.40

	
	16-QAM
	3.02
	3.04
	8.23
	8.28

	
	64-QAM
	3.14
	3.15
	8.69
	8.72


From the CM results in Table 5.2.5.2-1 and Figure 5.2.5.2-1, we have same view as observation1 on the single clustered transmission for intra-contiguous CA. 
Therefore, we can propose the required MPR level of 64QAM for single clustered transmission in intra-contiguous CA as follow:
Table 5.2.5.2-2: Maximum Power Reduction (MPR) for Power Class 3
	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

	16QAM/64QAM
	≤ 8
	≤ 12
	≤ 16
	≤ 16
	≤ 18
	≤ 1

	16QAM/64QAM
	> 8 and ≤ 25
	> 12 and ≤ 50
	> 16 and ≤ 75
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 2

	16QAM/64QAM
	> 25
	> 50
	> 75
	> 75
	> 100
	≤ 3


Figure 5.2.5.2-2 is MPR simulation results of 64QAM for 40MHz aggregated channel Bandwidth for intra contiguous CA class C according to the RB allocation ratio A. And figure 5.2.5.2-3 was collected the required MPR levels all supported aggregated channel BWs in intra-contiguous CA class C.
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Figure 5.2.5.2-2: Required MPR mask for 40MHz aggregated CH BW
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Figure 5.2.5.2-3: Required MPR mask for intra-contiguous CA class C
From the observation, the required MPR mask of 64QAM is analyzed as follows
MPR = CEIL {MA, 0.5}

where MA is defined as follows

MA  =  10.0,

; 0< A ≤0.16

12.3-23.3A,
       ; 0.16< A ≤0.4
3.67-1.67A,   
       ; 0.4< A ≤1.0

where

A = NRB_alloc / NRB.

CEIL{MA, 0.5} means rounding upwards to closest 0.5dB, i.e. MPR∈[2.0, 2.5 3.0 3.5… 8.5.9.0 9.5 10.0].
5.2.6 
Results of vendor E
The simulation results and proposals are based on [7, 8].

Figure 5.2.6-1 shows the MPR simulation results for single carrier with contiguous RB allocation case.
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Figure 5.2.6-1: MPR simulation results for single carrier with contiguous RB allocation case
Figure 5.2.6-1 shows that MPR increases with RB allocation. The results above also indicate that the allowed maximum MPR could be limited to about 2.6 dB (shown in the 5 MHz case). Since SEM requirement is less stringent for larger channel bandwidth, for larger bandwidth case, it is observed that the MPR is relatively smaller (see the trend of curves in Figure 1). 

The difference between the required back-off for 16QAM and 64QAM for 20MHz case appears to be around 0.2-0.5 dB. Hence, we expect that MPR of 64QAM will be higher than 16QAM by the same margin.

Table 5.2.6-1 shows the MPR simulation results for intra-band contiguous CA with contiguous RB allocation (case 3)

Table 5.2.6-1 UL 64QAM MPR simulation results for case 3
	Total number of RBs
	MPR for 64QAM

	
	100+100 (RB)
	75+100 (RB)
	75+75 (RB)
	50 + 100 (RB)
	25+100 (RB)

	0-8
	1.2
	1.0
	1.0
	0.9
	1.2

	9-20
	0.7
	0.9
	0.8
	1.1
	2.2

	21-40
	1.5
	1.7
	1.6
	1.9
	2.3

	41-60
	1.8
	1.8
	1.8
	2.1
	2.4

	61-80
	1.7
	1.8
	1.6
	2.4
	2.6

	81-100
	1.6
	2.1
	2.1
	2.5
	2.7

	101-120
	2.1
	2.3
	2.2
	2.6
	2.8

	121-140
	2.2
	2.4
	2.5
	2.7
	2.8

	141-160
	2.3
	2.5
	2.4
	2.6
	

	161-180
	2.3
	2.4
	
	
	

	181-200
	2.3
	
	
	
	


According to the simulation results, we propose MPR requirement for case 3 are defined as Table 5.2.6-2.

Table 5.2.6-2 MPR for UL 64QAM for contiguous CA with contiguous allocation
	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
	

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

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


5.2.7 
Results of vendor F
The simulation results and proposals are based on [9].

5.2.7.1 
Single carrier contiguous allocation

Figure 5.2.7.1-1 and Figure 5.2.7.1-2 show simulation results for 20 MHz with full RB and 1 RB allocations, respectively. In the two figures the PSDs are compared with the spectral emission mask (SEM) and the spurious emission level. The simulations have been conducted at full output power considering MPR, i.e. 22/23 dBm for QPSK depending on allocation, and 1 dB lower for 16QAM and also for 64QAM. One can note that in all cases, QPSK is the dimensioning modulation format, and even if 64QAM in most cases are slightly worse than 16QAM it still shows better margins than QPSK does. Thus it seems that we can have the same MPR as for 16QAM here. 
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Figure 5.2.7.1-1 PSD of contiguous single carrier signal with 1RB allocation
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Figure 5.2.7.1-2 PSD of contiguous single carrier signal with full RB allocation
5.2.7.2 
Single carrier non-contiguous allocation

Figure 5.2.7.2-1 shows simulation results for non-contiguous allocation with 1+1RB. With one single resource block allocated at each end of the carrier and 8dB MPR is used, it is the margin towards the spurious emission requirement that is the main dimensioning factor. Currently there is no distinction between modulation formats for this case in the specification, which means that currently 16QAM is the dimensioning modulation format. Simulations show that the margin is only slightly smaller for 64 QAM, and that there is a substantial margin for all modulation formats. Thus it is proposed to reuse the existing MPR formula for 64QAM as well. 
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Figure 5.2.7.2-1 PSD of non-contiguous single carrier signal with 1+1 RB allocation
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