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1. Introduction

A work item [1] was agreed to specify UE RF requirements in support of uplink 64QAM modulation.  The key specifications to consider are identified to be the Tx EVM, MPR, and A-MPR.  In this contribution, we provide an analysis for EVM and MPR.
2. Discussion

EVM

Determination of the appropriate Tx EVM specification is bound in two dimensions.  It is clear that for higher order modulations, a tighter EVM is needed to meet correspondingly higher SNR requirements for the feature to be beneficial.  On the other hand, an overly tight EVM requirement may not be implementable in the UE or may require other undesirable tradeoffs such as excessive power backoff.  We therefore seek a balance between these two aspects to determining the optimum Tx EVM specification.
First, we review the existing requirements for EVM as defined during the Rel-8 timeframe.

	Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	QPSK or BPSK
	%
	17.5
	17.5

	16QAM 
	%
	12.5
	12.5


The EVM specifications for QPSK and 16QAM follow closely with analysis provided in [2] where it can be seen that the existing specifications lead to a throughput loss of 5 to 8 % when averaged across MCS.  The analysis also included 64QAM modulation with the simulation results replicated below in Figure 1.
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It can be seen that the throughput loss is expected to be 5% to 8% for a range of EVM values from 8% to 10%.  
As a second point of reference, we consider the basestation specifications for Tx EVM.  While not exactly analogous since basestation Tx EVM relates to downlink performance whereas here we are concerned about uplink performance, a comparison can still be instructive.  The basestation EVM specifications are shown below
	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %


We observe that the EVM values for the same modulation are identical to those for the UE, and for the 64QAM modulation, the basestation EVM requirement is 8%.  These requirements have been derived based on 5% throughput loss in the downlink while allowing sufficient flexibility to control PAPR ([3], [4], [5] for example).

Based on the previous analysis on throughput loss for the uplink and on the similarity with basestation specifications for Tx EVM, we propose the following.  

Proposal 1:  UE Tx EVM specification for 64QAM shall be set to [8-10%].
MPR

In the current specifications, the UE is allowed to reduce its maximum output power for more challenging waveforms including those with higher modulation order, wider transmission bandwidth, and non-contiguous transmission in the frequency domain.  This power reduction is specified by MPR and is shown below for modulation and transmission bandwidth. 

	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


It can be seen that 1 dB of MPR is afforded to 16QAM modulation for contiguous transmissions in addition to another 1 dB for wider waveforms.  It can therefore be expected that 64QAM modulation may require additional MPR due to the higher order modulation compared to QPSK and 16QAM.

MPR is provided for the UE to be able to meet existing Tx core requirements.  These include UTRA and E-UTRA ACLR, SEM, spurious emission, EVM, and in-band emissions.  

To evaluate the MPR required, we firstly considered ACLR since traditionally, ACLR has been the dimensioning requirement for single carrier contiguous waveforms.  Multiple PA models were used (9 different models, 4 different bands) to generate simulation results of Tx requirements including ACLR.  It was found that the reference point for the PA model calibrated to just meeting ACLR requirements was 28.7 dBm for a zero MPR QPSK waveform.  Applying this calibration to the PA model and driving the model with an idealized 64QAM baseband waveform, the results shown in Figure 2 were produced.
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Figure 2.  PA simulation results of Tx EVM at maximum output power
The simulation results here show the maximum output power of the PA when stimulated with a 64QAM waveform while meeting all ACLR requirements.  Since the reference point for the PA at maximum output power was determined to be 28.7 dBm, it can be seen that the PA is able to achieve ACLR even with existing MPR allowances.  In other words, the MPR=1 dB for 16QAM, along with additional MPR for wider waveforms, is sufficient for 64QAM to fulfill ACLR requirements.  This can be seen by observing that the maximum achievable power for all MPR=1 waveforms is greater than 27.7 dBm and the maximum achievable power for all MPR=2 waveforms is greater than 26.7 dBm while still meeting ACLR and SEM requirements.
Observation 1:  ACLR is not limiting for 64QAM MPR.

However, it can also be observed on this figure that at maximum output power, the EVM (vertical axis) of the PA is as high as 5.5%.  Moreover, it must be recognized that the PA is only one contributor to UE EVM.  While DC offset, frequency offset, amplitude and phase equalization have already been compensated for in the EVM test procedure, other contributors such as baseband clipping and quantization, Tx phase noise, transceiver non-linearity, and IQ imbalance in addition to the PA will cause the UE to fail the EVM requirement.  

Observation 2:  MPR should be considered to meet 64QAM Tx EVM.

At MPR=2 dB for 64QAM, we observe from Figure 2 that the PA EVM is reduced to 4% for the most egregious waveform.  With this, we estimate the total UE EVM budget as follows
	Tx EVM contributor
	EVM

	PA
	4%

	Transceiver
	-29.5 dB

	Phase noise
	-33 dBc

	IQ imbalance
	-25 dBc


The total EVM then becomes 8%.  This is consistent with the proposed EVM above based on throughput considerations.

Proposal 2:  The MPR for 64QAM modulation shall be [2 dB].
For example, the MPR table might be constructed as follows for single carrier and for intra-band contiguous carrier aggregation class C
	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


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
	≤ 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


MPR for non-contiguous resource allocations are currently specified by formula, independent of modulation format.  The MPR formula was derived assuming worst case MPR between QPSK and 16QAM.  Therefore, the formula needs revisiting to accommodate 64QAM modulation.
A-MPR

In many deployments, the UE is required to meet additional spurious emission requirements, many of which may be regulatory in nature.  In such deployments, the network is expected to signal an NS value which informs the UE operating in the cell of the additional spurious emissions to be met.  Additionally, the NS also indicates any additional maximum output power backoff, A-MPR, that may be allowed.  Numerous A-MPR tables have been defined for the various NS values defined in the specifications, however, they have only been defined for QPSK and 16QAM modulation.  These tables may require revisiting for 64QAM modulation.
However, we note that for single carrier NS signaling, A-MPR is additive to MPR.  Therefore, if additional MPR is already defined for 64QAM modulation in accordance with proposal 2 above, it may be the case that no further A-MPR is required.  But, for carrier aggregation CA_NS, A_MPR is not additive but replaces MPR.  Therefore, CA_NS A-MPR values most likely will require adjustment to accommodate 64QAM.
3. Conclusion
In this contribution, we have provided point of discussion and proposals for EVM and MPR in support of 64QAM uplink.  We make the following proposals for consideration.
Proposal 1:  UE Tx EVM specification for 64QAM shall be set to [8-10%].
Proposal 2:  The MPR for 64QAM modulation shall be [2 dB].
MPR for non-contiguously allocated resource blocks and A-MPR for 64QAM require further study.
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Figure � SEQ Figure \* ARABIC �1�.  64QAM throughput loss vs. EVM (reproduced from [2]).
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