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1 Introduction

The LTE modulation quality for 64QAM and various coding rates has been extensively discussed during previous RAN4 meetings. It has also been proposed to differentiate the EVM requirements based upon the modulation scheme to guarantee that proper requirements are defined covering the scenarios where lower modulation schemes applies.
This paper investigates the impact of impairments on throughput for other modulation schemes than 64 QAM considering the presence of transmitter and receiver impairment to ensure that proper system performance for 16QAM and QPSK modulation schemes is maintained.
2 Discussion
A simulation set up based on the assumptions (see Annex A) was used to investigate the TX and RX EVM impact (modelled as AWGN) on throughput for QPSK and 16QAM modulation schemes. The results are based on link level simulations at various coding rates which are also defined in Annex A. 
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Figure 1
, Simulation set up schema

Figure 2 shows the throughput performance for QPSK in case of an ideal transmitter- receiver pair as well as non-ideal transmitter-receiver combinations. In the simulations with non-ideal transmitters and receivers a receiver EVM of 7 % has been assumed, the transmitter EVM level has been varied. The simulations have been performed over a Pedestrian B 3 km/h channel. All resource blocks are modulated with QPSK symbols and code-rates of 8/9, 4/5, 3/2, and 2/3 are simulated. At each SNR value the shown throughput value is the maximum over these 4 code rates.
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Figure 2
, QPSK throughput for ideal as well as non-ideal transmitter-receiver combinations over Pedestrian B channel. The dashed line represents the ideal transmitter-receiver pair.
In Figure 3 the corresponding results for 16 QAM are presented. Also here the non-ideal receiver is modelled with an EVM of 7 %, the TX EVM level is varied.
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Figure 3
, 16 QAM throughput for ideal as well as non-ideal transmitter-receiver combinations over Pedestrian B channel. The dashed line represents the ideal transmitter-receiver pair.

Assuming typical UE RX impairments between 5%-7%, the required TX EVM levels can be set as the legacy values of 17.5% for QPSK and 12.5 % for 16 QAM. The results also indicate that there are still some margins to set the EVM values less stringent than the legacy values (e.g. up to 25% and 15% for QPSK and 16 QAM respectively). 

Considering the results above and the discussions for 64QAM modulation scheme a differentiation in EVM requirements level based on modulation scheme is thus necessary. 
	Modulation and coding scheme
	Transmit EVM [%]

	QPSK
	[17.5]

	16QAM
	[12.5]

	64QAM 
	[TBD]


3 Summary

In this paper we investigate the impact of transmitter and receiver impacts on system throughput and concluded the TX EVM levels for LTE QPSK and 16 QAM. 
We also propose a differentiation in EVM requirement level based on modulation scheme to avoid unnecessary stringent requirements for lower order modulation and coding schemes.
4 Annex A, Simulation assumptions and link simulation 
	Bandwidth
	5 MHz 

	Coding rate
	TC rate 8/9, 4/5, 3/4 and 2/3

	Modulation
	QPSK and 16QAM on all PRBs

	No of Tx antennas
	1 TX antenna

	No of Rx antennas
	2 RX antennas

	HARQ
	HARQ switched on

	Channel estimation
	Ideal

	EVM modelling
	TX and RX EVM are modeled as AWGN noise. The receiver impairment is proportional to the received signal power. 

	Channel model
	Pedestrian B, 3 km/h
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