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1 Introduction

During RAN4 #38 in Denver, the discussion on modulation quality for LTE was initiated [1]. In this paper the EVM measurement reference points are further developed.
2 Discussion
In [1], ISSL (In-band Sub-carrier Set Leakage) and EVM were proposed as a figure of merit for modulation quality in LTE. For node-B, an EVM measurement in a multi-user environment and for the UE, an EVM measurement combined with ISSL were discussed. 
Different mechanisms contribute to EVM and the generated total EVM in the transmitter is the sum of “removable” part (e.g. group delay variation over frequency) and “residual” part (e.g. phase noise) which can not be removed by RX processing.
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Figure 1, EVM in different reference points
The “removable” part can be compensated in the equalizer in the receiver while the residual part will remain and influence the SNR and consequently the system performance in terms of throughput. Therefore the EVM measured after the equalizer (EVM residual) is the proper and sufficient measure for modulation quality from system performance point of view. 
Since different services would require different SNR and modulation schemes, we propose to differentiate the EVM requirements based on modulation schemes for any supported regulatory bandwidth. To ensure that the peak rate requirements are satisfied, there is a need to define test models where all available resource blocks are fully allocated and the corresponding modulation scheme is applied on each sub-carrier.
A generic way for defining modulation quality requirements is shown in the tables below:
For node-B+:
	Supported modulation scheme
	Test condition
	Required EVM 

	QPSK
	Test model x
	[TBD]%

	16QAM
	Test model y
	[TBD]%

	64QAM
	Test model z
	[TBD]%


In addition to requirements above, in a multi-user environment, the leakage due to possible non-orthogonality between different users can additionally degrades the signal quality, therefore a test model and EVM requirements in a multi-user environment is needed and would be sufficient to capture the non-orthogonality and all other contributing impairments [1].
 For UE:
In addition to ISSL requirements,

	Supported modulation scheme
	Test condition
	Required EVM 

	QPSK
	Test model a
	[TBD]%

	16QAM
	Test model b
	[TBD]%


In [2], we discuss the introduction of reserved sub-carriers to enable efficient peak reduction schemes without degrading the modulation quality and consequently make the modulation quality definition below feasible while considering the peak rate requirements. 
Later, the impact of MIMO on modulation quality requirements needs to be further investigated and proper performance levels decided.

Since the throughput will be also influenced by impairments in the receiver, we need to further investigate how receiver impairment requirements can be handled and defined.

We might also need to have other tests to ensure the OFDM robustness towards multi path is maintained by not allowing that the cyclic prefix is significantly consumed by the “removable” part of impairments. This needs further investigation.

3 Summary

In this paper, we elaborate on measurement reference points for EVM and would propose to define requirements after the equalizer to ensure system throughput.

We also propose to differentiate the EVM requirements based on the supported modulation scheme and suggest defining proper test models to fully test the peak rate per modulation scheme.
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