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Discussions 
1 Introduction

In [1], some preliminary results on the impact of EVM on the system throughput performance have been presented. Based on [2], RAN4 has observed the following:

Question: 

· Practically achievable EVM values to assume for DL higher order modulation (for each of the small cell eNB Tx powers in TR 36.814 i.e. 20dBm, 24dBm, 30dBm, 37dBm). 

Answer:

· EVM value depends on several contributing factors from implementation point of view. Based on some inputs for discussion, RAN4 noted improved EVM values compared to existing requirement of 8% can be achieved for low power BS. Further discussions are needed in RAN4 to determine the EVM values. 

In this contribution, we provide additional results based on link and system modelling of the transmitter EVM and its impact on the system performance.

2 CQI Table for 256QAM

To evaluate the performance of 256 QAM with different code rates, it is necessary to assume new entries in the CQI table. In [1], one example of the modified CQI table with 256QAM was presented, which is shown in table 1. 

The throughput and BLER performance is shown in Figure 1 and 2. The link level simulation results are based on SISO and AWGN channel. From these figures, we can see that in AWGN channel with EVM = 0, the switching point is larger than 22dB. 
Table 1: CQI table with 256QAM
	CQI index
	modulation
	code rate x 1024
	efficiency
	CQI index
	modulation
	code rate x 1024
	efficiency

	1
	QPSK
	308
	0.6016
	9
	64QAM
	666
	3.9023

	2
	QPSK
	449
	0.8770
	10
	64QAM
	772
	4.5234

	3
	QPSK
	602
	1.1758
	11
	64QAM
	873
	5.1152

	4
	16QAM
	378
	1.4766
	12
	64QAM
	948
	5.5547

	5
	16QAM
	490
	1.9141
	13
	256QAM
	803
	6.2734

	6
	16QAM
	616
	2.4063
	14
	256QAM
	889
	6.9453

	7
	64QAM
	466
	2.7305
	15
	256QAM
	952
	7.4375

	8
	64QAM
	567
	3.3223
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Figure 1: BLER performance of different MCS with AWGN, SISO.
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Figure 2: Throughput performance of different MCS with AWGN, SISO..
2.1 EVM Model

To evaluate the impact of EVM on 256 QAM, the EVM model should be considered. As in [3], the noise variance of the modelled EVM will be defined relative to the power on each antenna according to:
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where 
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 is the AWGN noise variance which is added at the transmitter, and 
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 is the total transmit power spectral density (integrated in a bandwidth corresponding to the transmission bandwidth configuration) of the downlink signal, as measured at the eNodeB antenna connector.

2.2 Link Simulation Results
In link level simulations, the simulation assumptions are as shown in Table 2. 

Table 2: DL link level simulation parameters for evaluation of 256 QAM
	Parameters
	Assumption

	MIMO configuration
	2x2 with low correlation
-       refer to 36.101 B.2.3.2

	EVM
	6%

	Channel model and Doppler frequency
	EPA5 
- The delay profiles refer to 36.101 Table B.2.1-2
- Maximum Doppler frequency: 10Hz

	Transmission mode 
	TM3 (OLSM)

	Bandwidth
	1.4MHz

	Carrier frequency
	3.5GHz

	Cyclic prefix
	normal

	HARQ
	on

	UE receiver
	MMSE-IRC

	Received timing delay (us)
	0

	Frequency offset (Hz)
	0

	UE speed
	3km/h

	Metric
	Spectrum efficiency [bps/Hz]

BLER


The throughput and BLER performance are shown in Figure 3-7 for EVM values of 0%, 6% and 8%. Both BLER and throughput performance are shown. 
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Figure 3: Throughput of different MCS with EVM=0.
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Figure 4: BLER of different MCS with EVM=0.
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Figure 5: Throughput of different MCS with EVM=4%.
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Figure 6: BLER of different MCS with EVM=4%.
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Figure 7: Throughput comparisons of different MCS with EVM=6%.
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Figure 8: BLER comparisons of different MCS with EVM=6%
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Figure 9: Throughput comparisons of different MCS with evm.
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Figure 10: BLER comparisons of different MCS with evm.
From Figure 3 to 10, we can see that the performance that can be obtained from 256 QAM is very sensitive to EVM. The impact of different EVM is summarized in Figure 8 and 9. With 6% EVM, 256 QAM shows no performance gain compared to 64QAM. 
In Figure 5, and 6, we can observe that even for EVM = 4%, the switching point needed is higher than 36dB. Performance gain is not obtained realistically unless the SNR is greater than 40dB.
Observation 1:  256 QAM is very sensitive to EVM. With a realistic practical EVM of 6%, no performance gain is seen for 256QAM compared to 64QAM. Large SNR is needed for EVM of 4%.
3 Conclusion 

In this contribution, we have provided further simulation results on the impact of EVM to the link and system performance from enabling 256QAM performance. We observe that:

· 256 QAM very sensitive to EVM. With a realistic practical EVM of 6%, no performance gain is seen for 256QAM compared to 64QAM. Large SNR is needed for EVM of 4%.
In addition to the transmitter EVM, it should be noted that above simulation studies have not taken into considerations the UE receiver non-linearity, IQ imbalance, frequency offset and phase error. 
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