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1 Introduction

The modulation quality for LTE has been extensively discussed during previous RAN4 meetings. 
This paper investigates the impact of impairments on throughput and proposes that TX EVM levels should be set considering the presence of receiver impairments to ensure that proper system performance for 64QAM modulation schemes is maintained.
2 Discussion
Previous contributions concluded on TX EVM requirements assuming ideal RX but with this paper we further investigate the impact of not only TX but also RX impairments on throughput. 

A simulation set up based on the assumptions outlined in Annex A was used to investigate the TX and RX EVM impact (modelled as AWGN) on throughput. The results are based on link level simulations for 64 QAM at various coding rates which are also defined in Annex A. We also assume that RAN4 should – as other working groups also do – consider the peak rate scenarios when defining radio requirements for LTE.
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Figure 1
: Simulation set up schema. 
For AWGN scenario and ideal channel estimation, the throughput performance for various EVM levels at TX and RX are shown in Figures 2 to 4. These curves are then used to derive maximum TX EVM levels assuming that a throughput loss of 5 % is acceptable [1]. 
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Figure 2
: Throughput as a function of TX EVM with ideal RX.
Assuming an ideal receiver the peak rate can be achieved at C/N=15 dB assuming TX EVM of 4%. However as shown in Figure 3, the same level of TX impairment in the presence of 5% RX EVM would result in 5% throughput loss. 

Based on this finding we therefore believe that TX EVM requirements need to be set considering realistic RX impairments. 
Figures 3 and 4 show the achievable throughput for typical RX EVM values.
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Figure 3
: Throughput as a function of TX EVM with receiver EVM of 5%.
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Figure 4
: Throughput as a function of TX EVM with receiver EVM of 7%.
Note that the dashed line in above plots represents the ideal case without any impairments neither on the transmitter nor on the receiver.
As shown in these figures, defining TX EVM requirement assuming an ideal RX results in significantly degraded throughput with a non-ideal RX. Figure 3 also indicates that 95% of the peak rate can be achieved at C/N=15 dB when TX EVM is 4% and the RX EVM is assumed to be 5%. Assuming the same typical RX EVM of 5 % and a TX EVM of 6.5 %, the throughput dramatically reduces by approximately 25 %, which is not acceptable. 
Assuming typical UE RX impairments between 5%-7%, the required TX EVM will end up in 4% in order not to cause significant degradation in the peak performance.
We also promote a differentiation in EVM requirements level based on modulation scheme as in [2]. For 64QAM we might also need to define separate requirements for various coding rates which require different SNR and consequently EVM levels.
	Modulation and coding scheme
	Transmit EVM [%]

	QPSK
	[TBD]

	16QAM
	[TBD]

	64QAM (a/b)
	[TBD]

	64QAM (c/d)
	[TBD]

	64QAM (e/f)
	[TBD]


We also propose to set the transmit EVM for 64QAM and highest coding rate to 4%.
Additional simulation results for fading scenarios (Pedestrian-B) and MMSE channel estimation deliver the same conclusions and are presented in Annex B.
3 Summary

In this paper we investigate the impact of transmitter and receiver impairments on throughput and conclude that stringent TX EVM requirements are needed for LTE 64QAM. We show significant loss in throughput if TX EVM requirements are derived disregarding the RX impairments. 
We furthermore conclude that a TX EVM requirement of 4% after the equalizer for 64QAM and highest coding rate is needed. We also propose a differentiation in EVM requirement level based on modulation scheme and coding rate to avoid unnecessary stringent requirements for lower order modulation and coding schemes.
4 Reference
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R4-060852, EVM for LTE, Ericsson
5 Annex A, Simulation assumptions and link simulation 
	Bandwidth
	5 MHz 

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

	Modulation
	64QAM 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

	Channel model
	AWGN
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Figure 5: Throughput as a function of TX EVM with ideal RX. Depicted in the same colors are throughput curves for different code rates (CR = 8/9, 4/5, 3/4, 2/3). The plots in Figure 2 are obtained as the envelope curves over the different code rates.
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Figure 6: Throughput as a function of TX EVM with receiver EVM of 5%. Depicted in the same colors are throughput curves for different code rates (CR = 8/9, 4/5, 3/4, 2/3). The plots in Figure 3 are obtained as the envelope curves over the different code rates.
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Figure 7: Throughput as a function of TX EVM with receiver EVM of 7%. Depicted in the same colors are throughput curves for different code rates (CR = 8/9, 4/5, 3/4, 2/3). The plots in Figure 4 are obtained as the envelope curves over the different code rates.
6 Annex B, Additional simulation results

	Bandwidth
	5 MHz 

	Coding rate
	TC rate 8/9

	Modulation
	64QAM on all PRBs

	No of Tx antennas
	1 TX antenna

	No of Rx antennas
	2 RX antennas

	HARQ
	HARQ switched on

	Channel estimation
	MMSE

	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
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Figure 8: Throughput as a function of TX EVM with ideal RX over Pedestrian-B channel.
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Figure 9: Throughput as a function of TX EVM with receiver EVM of 5% over Pedestrian-B channel.
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Figure 10: Throughput as a function of TX EVM with receiver EVM of 7% over Pedestrian-B channel.
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