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1. Introduction

As part of the small cell study item, the potential benefits of supporting higher order modulation beyond 64QAM (e.g. 256 QAM) in the LTE downlink have been evaluated and discussed by RAN 1 and RAN 4 in previous meetings. At RAN 1 #72, RAN1 sent an LS [1]  to RAN 4  to seek the guidance on the simulation assumptions especially on the EVM values and UE receiver impairments. At RAN 4 #68, a reply was provided in [2]. 
In this contribution, we provide further evaluations of 256 QAM in small cell scenarios taking into account both transmitter and receiver impairments.
2. CQI table for 256QAM
To evaluate the performance of 256 QAM with different code rates,  a CQI table with 256QAM entries is needed. In [2], one example of the modified CQI table with 256QAM was presented, which is shown in table 1. 

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
	
	
	
	



To evaluate the BLER and throughput performance of 256 QAM with different code rates, as well as to find out the impact of Tx and Rx EVM, we assume table 1 as the CQI table in the following link level simulations.
3. Link level simulation with EVM
3.1. 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 transmitter EVM will be defined relative to the power on each antenna according to:
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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.
In [2], it is recommended to model the receiver impairment by an equivalent AWGN component at the receiver. The noise variances of the interference sources and the Rx impairments at the receiver are therefore given by:
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where 
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 is the AWGN noise variance which is the Rx impairments added at the receiver, 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.   

3.2. Evaluation Results with both Transmitter and Receiver EVMs
With the simulation assumptions  listed in table 2, Figures 1 and 2 show 256QAM performance  results with consideration of both Tx and Rx EVMs.  
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Figure 1: BLER of different MCS with Tx evm=4, Rx evm=4
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Figure 2: Throughput of different MCS with Tx evm=4, Rx evm=4.

With the consideration of receiver impairment, we observe that 256 QAM is very sensitive to receiver side EVM.  256 QAM performance is further degraded with both Tx and Rx EVMs compared to that of Tx EVM only (as shown in Annex B). It is hard to find any performance gain from 256QAM compared to 64QAM.
It should also be noted that the demodulation and decoding of 256QAM will take longer than for 64QAM, requiring higher processing power to achieve a given latency in demodulation and decoding. 
4. Conclusions

In this contribution, we have evaluated the impact of EVM on 256QAM performance. We make the following observations: 
Observation 1:  256 QAM is very sensitive to EVM. If the SNR is lower than 37dB, almost no performance gain could be achieved by 256 QAM. 
Observation 2: 256 QAM is very sensitive to receiver side EVM.  256 QAM performance is further degraded with both Tx and Rx EVMs compared to that of Tx EVM only. It is hard to find any performance gain from 256QAM compared to 64QAM.
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Annex A:

In link level simulations, the simulation assumptions are as shown in Table 2. 

Table 2: DL link level simulation parameters
	Parameters
	Assumption

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

	EVM
	Tx evm = {0%，4% }

Rx evm = {0%，4% }

	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

	Channel Estimation 
	Non-ideal

	UE receiver
	MMSE-IRC

	Received timing delay (us)
	0

	Frequency offset (Hz)
	0

	UE speed
	3km/h

	Metric
	Spectrum efficiency [bps/Hz]
BLER


Annex B: Evaluation results with Transmitter EVM only 
The throughput and BLER performance with only Tx EVM are shown in fig. 3 to fig. 6.
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Figure 3: BLER of different MCS with Tx evm=0, Rx evm=0 
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Figure 4: Throughput of different MCS with Tx evm=0, Rx evm=0
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Figure 5: BLER of different MCS with Tx evm=4, Rx evm=0
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Figure 6: Throughput of different MCS with Tx evm=4, Rx evm=0
From fig. 3 to fig. 6, we can see that 256 QAM is very sensitive to Tx EVM. If the SNR is not high enough, 256 QAM shows no performance gain compared to 64QAM. 
Observation 1:  256 QAM is very sensitive to EVM. If the SNR is lower than 37dB, almost no performance gain could be achieved by 256 QAM.

In Figs 7 and 8, the performance is compared with and without Rx EVM, 
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Figure 7: BLER comparison with and without Rx EVM 
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Figure 8: Throughput comparison with and without Rx EVM.
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