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1
Introduction
In this contribution we present MPR simulation results for 256-QAM with contiguous allocation on a single CC.
2
Discussion

2.1 Simulator set-up
For the uplink 256-QAM MPR study a simulator with the following impairments was used:
· Transceiver noise -39.5 dBc
· Modulator I/Q imbalance -33.7 dBc
· Modulator CIM3 -60 dBc
· Carrier suppression 25 dB

· Phase noise -35 dBc
The following emission requirements were used in the simulation: 

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

· General spurious emission requirement

· Maximum error vector magnitude = 3.5%

· In-band emisions, assuming the limit specified for 64-QAM and 256-QAM

· 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 EVM partitioning

The EVM contributions of error sources were according to Table 1. 
Table 1. EVM partitioning

	TX EVM source
	EVM

	 
	%
	C/N [dBc]

	PA
	1.85
	34.7

	Transmitter
	1.19
	38.5

	Phase noise
	1.78
	35.0

	I/Q image
	2.06
	33.7

	 
	 
	 

	Total
	3.5
	29.1


2.3 Single carrier MPR for contiguous allocations
Fig. 1 shows how UTRAACLR1 and EVM behave as functions of MPR. Here, the transmitter is assumed to be designed for 256-QAM, hence the EVM is improved also for lower-order modulations which serve as a reference. The EVM quota of the PA is so small that after ~4 dB MPR cannot improve the EVM any more since other sources begin to dominate the EVM value. Also, as brought up in [4], the PA typically exhibits an EVM floor that limits the improvement achievable through MPR. 
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Fig. 1: UTRAACLR1 and EVM as function of MPR
For contiguous allocations, Fig. 2 and Fig. 3 present 256-QAM MPR values that are needed to be able to meet the standard emission requirements for different channel bandwidths as a function of allocation size, including EVM and in-band emissions. In fact, all allocations were found to be limited either by EVM or in-band emissions. The in-band emissions become a gating factor because their limit depends on the EVM limit of the used modulation. There has been discussion on whether the current in-band emission limit formula is too tight for 256-QAM, thus we simulated the MPR against the in-band mask of both 64-QAM and 256-QAM, shown in Fig. 2 and Fig. 3, respectively.  With the used transmitter parameters, 256-QAM needs more MPR than 64-QAM at all allocation sizes [3] with both in-band masks. The gating factors of MPR are illustrated in Fig. 4.
1.4 and also 3 MHz channel bandwidths seem to require more MPR then expected when comparing to other modulations reson not yet know but we suspect that the reason is too stringent BB-filtering. Issue will be further investigated.
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Fig. 2: MPR vs. allocation size/ratio for contiguous allocations 
with in-band emission evaluated against the 64-QAM mask
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Fig. 3: MPR vs. allocation size/ratio for contiguous allocations 
with in-band emission evaluated against the 256-QAM mask
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Fig. 4: Gating factors of MPR for contiguous allocations

2.3 Single-carrier multicluster MPR as a function of allocation ratio

In this section, we show simulation results for single-carrier multicluster allocations. A large number of random allocations were generated as well as a number of deterministically generated allocations with clusters at channel edges to ensure inclusion of probable gating cases.
A long signal was generated for each allocation to cope with outliers in EVM and in-band emissions. The number of subframes ranged from 100 (20 MHz channel) to 150 (1.4 MHz channel).
Fig. 8 to Fig. 13 show our multicluster MPR results, together with a MPR mask we propose at the end of this subsection.
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Fig. 8: MPR vs. allocation ratio for 1.4 MHz channel bandwidth
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Fig. 9: MPR vs. allocation ratio for 3 MHz channel bandwidth
[image: image12.png]In-band mask of 64-QAM
In-band mask of 256-QAM

OOBE & spurious
MPR mask, unrounded

EVM

5 MHz, 2560AM

[CEEN

02 03 04 05 06 07 08 09
Allacation ratio

01




Fig. 10: MPR vs. allocation ratio for 5 MHz channel bandwidth
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Fig. 11: MPR vs. allocation ratio for 10 MHz channel bandwidth
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Fig. 12: MPR vs. allocation ratio for 15 MHz channel bandwidth
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Fig. 13: MPR vs. allocation ratio for 20 MHz channel bandwidth
For contiguous allocation in-case 256-QAM inband emission mask is used we propose flat 5 dB MPR for all allocations. If 64-QAM mask is used MPR could be 4.5 dB.
We propose the following formula for single-CC non-contiguous allocations with 256-QAM:
MPR = CEIL {MA, 0.5}

Where MA is defined as follows

MA =
8.00-10A

; 0.0 < A ≤ 0.3
5.00


; 0.3 < A ≤ 1.0
Where


A = NRB_alloc / NRB.

3
Conclusion

In this contribution we showed UL 256-QAM MPR results for single-CC contiguous and noncontiguous allocations. The target EVM of 3.5% is difficult to meet though MPR and requires improvements in transmitter components. The EVM distribution causes outliers that requires longer averaging of EVM than lower-order modulations.
For contiguous allocations, the MPR is limited by EVM and in-band emissions. The needed MPR is higher than that of 64-QAM for all allocation sizes. In-band emissions dominate in narrow allocations and EVM in wide allocations.
For non-contiguous allocations with large allocation ratios, 256-QAM requires more MPR than lower-order modulations due to EVM.
We propose 256-QAM MPR to be defined as follows

For contiguous allocation in-case 256-QAM inband emission mask is used we propose flat 5 dB MPR for all allocations. If 64-QAM mask is used MPR could be 4.5 dB.

We propose the following formula for single-CC non-contiguous allocations with 256-QAM:

MPR = CEIL {MA, 0.5}

Where MA is defined as follows

MA =
8.00-10A

; 0.0 < A ≤ 0.3

5.00


; 0.3 < A ≤ 1.0

Where


A = NRB_alloc / NRB.
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