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1
Introduction
In this contribution we present simulation results for MPR and A-MPR for 64-QAM.
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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Modulator IQ imbalance = 25 dBc

Modulator carrier leakage = 25 dBc

Modulator C_IM3 = 60 dBc

Phase noise=33 dBc

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


Figure 1 Simulator model for ul 64-QAM MPR study

In single carrier simulation following emission requirements were used. 

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

· General spurious emission requirement

· Error vector magnitude = 8%

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. 

For CA studies CA ACLR and CA general emission mask were used in addition to general spurious emission requirement and EVM.

2.2 Single carrier MPR as a function of #RB
In Figures 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 alocations if allowed MPR is what is allowed for 16-QAM. In our earlier consribution [2] only full allocation was studied and it is not the worst case as can be seen from Figures 1 -4 thus the conclusion in this paper differs from [2].
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Fig.  1: MPR vs. allocation size for 64-QAM; PA1
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Fig.  2: MPR vs. allocation size for 64-QAM; PA2
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Fig.  3: MPR vs. allocation size for 64-QAM; PA3
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Fig.  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.
Table 6.2.3-1: Maximum Power Reduction (MPR) for Power Class 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


2.3 Single carrier Multi-cluster MPR

Figure 5 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 that for non-contiguous resource allocation transmission 64-QAM does not need more MPR than16-QAM thus current MPR requirement is sufficient.
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Fig.  5: 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
2.4 Single carrier A-MPR study

In this chapter we present result of an A-MPR study for 64-QAM. As an example we have studied NS_07 case which has additional emission requirement as presented in Table below.
Table 6.6.3.3.2-1: Additional requirements 

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	10 MHz


	

	769 ≤ f ≤ 775
	-57
	6.25 kHz

	NOTE:
The emissions measurement shall be sufficiently power averaged to ensure standard deviation < 0.5 dB.


As a reference we present A-MPR results for 16-QAM in Figure 6 and 64-QAM results are presented in Figure 7.
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Fig.  6: A-MPR required for 16-QAM to protect the public safety band
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Fig.  7: A-MPR required for 64-QAM to protect the public safety band

Here we assumed that 64-QAM always obtains 1 dB more MPR than 16-QAM. As a result, the A-MPR required by 64-QAM did not exceed that of 16-QAM with any contiguous allocation. 
These results are in concordance with Table 6.2.4-2 in TS 36.101, except for very narrow (1−2 RB) allocations close to the upper channel edge. However, these allocations have already been known to need more A-MPR than Table 6.2.4-2 permit.
Table 6.2.4-2: A-MPR for “NS_07”

	 Parameters
	Region A
	Region B
	Region C

	RBstart
	0 - 12
	13 – 18
	19 – 42
	43 – 49

	LCRB [RBs]
	6-8
	1 to 5 and 9-50
	≥8
	≥18
	≤2

	 A-MPR [dB]
	≤ 8
	≤ 12
	≤ 12
	≤ 6
	≤ 3

	NOTE 1;
RBstart indicates the lowest RB index of transmitted resource blocks

NOTE 2;

LCRB is the length of a contiguous resource block allocation

NOTE 3:
For intra-subframe frequency hopping between two regions, notes 1 and 2 apply on a per slot basis.

NOTE 4;
For intra-subframe frequency hopping between two regions, the larger A-MPR value of the two regions may be applied for both slots in the subframe.


2.4 MPR for contiguous intraband CA

In Figure 8 - 11 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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Fig.  8: Maximum needed MPR as function of allocation size for PA1
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Fig.  9: Maximum needed MPR as function of allocation size for PA2
[image: image11.png]* B4-QAM
* 1B-0AM

20 40 60 80 100 120 140 160 180 200
Allocation size [RE]




Fig.  10: Maximum needed MPR as function of allocation size for PA3
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Fig.  11: Maximum needed MPR as function of allocation size for PA4

Proposal 3: 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.

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

	Modulation
	CA bandwidth Class C
	MPR (dB)

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

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

	QPSK
	> 50
	> 75
	> 100
	≤ 2

	16 QAM
	≤ 12
	≤ 16
	≤ 18
	≤ 1

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

	16 QAM
	> 50
	> 75
	> 100
	≤ 3

	64 QAM
	≤ 12
	≤ 16
	≤ 18
	≤ 2

	64 QAM
	> 12
	> 16 
	> 18 
	≤ 3


2.6 Multi-cluster MPR for contiguous intraband CA

Figure 12 presents the MPR for CA non-contiguous resourceallocations for 16-QAM and 64-QAM. All channel bandwidths are included in the same figure. It can be seen from the Figure 12 that for non-contiguous resource allocation transmission 64-QAM does not need more MPR than16-QAM thus current MPR requirement is sufficient.
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Fig.  12:  MPR for contiguous CA with noncontiguous allocation, 20+20 MHz, PA1
Proposal 4: Current contiguous intraband CA non-contiguous resource allocation MPR requirement is sufficient also for 64-QAM
3
Conclusion

In this contribution we have made following proposals.
Proposal 1: 64-QAM is allowed to have 1 dB more MPR than 16-QAM for single cluster allocations as in Table below.

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


Proposal 2: Current single carrier non-contiguous resource allocation MPR requirement is sufficient also for 64-QAM
Proposal 3: 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.

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

	Modulation
	CA bandwidth Class C
	MPR (dB)

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

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

	QPSK
	> 50
	> 75
	> 100
	≤ 2

	16 QAM
	≤ 12
	≤ 16
	≤ 18
	≤ 1

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

	16 QAM
	> 50
	> 75
	> 100
	≤ 3

	64 QAM
	≤ 12
	≤ 16
	≤ 18
	≤ 2

	64 QAM
	> 12
	> 16 
	> 18 
	≤ 3


Proposal 4: Current contiguous intraband CA non-contiguous resource allocation MPR requirement is sufficient also for 64-QAM
4
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