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1. Introduction 

At RAN4 #42, contributions [1], [2] were submitted proposing possible LTE UE requirements.  Contribution [3] proposed a methodology for deriving the eNB requirements. This contribution provides simulation results using the methodology similar to that described in [3].  

2. Discussion
In [3], it was proposed that the EVM requirement could be based on using a geometry distribution collected from system simulations. That method is appropriate for the downlink case; however, for the uplink, the geometry does not characterize well the experienced receive SNR. In order to have a more adequate assessment of the uplink throughput and the throughput loss, the SNR statistics needs to be collected directly.   With that modification, the method described in [3] became applicable. The detailed simulation assumptions and simulation results can be found in the following sections. 
2.1.  Simulation Assumptions

The uplink transmission is SC-LFDM (single carrier, localized frequency division multiplex) occupying K continuous frequency tones. For example, 12 <= K <= 300 for a 5MHz system. The discrete system equation after receiver FFT front-end processing can be expressed as (symbol time index t is ignored for simplicity of presentation)
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	Eq. (1)


where H is a diagonal matrix of channel frequency responses, W is the K-by-K DFT matrix, s is a K-dimensional transmit symbol vector and x =Ws is the (ideal) transmit signal in the frequency domain.
The UE distortion is modeled in the frequency domain, similar to the BS EVM modeling [3]
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	Eq. (2)


where the error noise vector e, modeled as complex Gaussian noise, is the UE distortion within its occupied bandwidth.
Here, the Tx EVM value is defined as
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	Eq. (3)


In the above definition, we didn’t make distinction between the sources of the EVM.  Therefore the noise term 
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 is the sum of the noise due to both the UE occupying the resource block being evaluated and the noise due to all other UE’s transmitting in other resource blocks at the same time.  Making no distinction in the source of the noise term 
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 does not describe the interference perfectly; however, the impact of the effect we are ignoring here is simply an increase in the statistical variations in the noise power, which would have only a limited effect on the average throughput loss. In this respect, the methodology we followed is similar to that suggested in [2].     

Note that the EVM definition in Eq. (3) only captures the average distortion across the whole UE occupied bandwidth. This may correspond to “flat” EVM distribution over the whole UE bandwidth. However, as our results indicate (see Figure 3) that the impact of “non-flat” EVM distribution in the simulated scenarios is not significant. 
We simulate link performance degradation of QPSK, 16QAM and 64QAM under various EVM. The channel is AWGN with perfect channel estimation, thus no receiver imperfection is considered in the simulation beyond what is captured by the assumed Rx EVM (0% or 7%). The performance is measured with respect to 10% BLER under Turbo coding, where a block consists of 3000 information bits. The MCS table is as follows:
	Modulation
	Code Rate

	QPSK
	1/8, 1/7, 1/6, 1/5, 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4

	16QAM
	1/2, 2/3, 3/4

	64QAM
	11/20, 3/5, 27/43, 2/3, 17/24, 3/4, 4/5


We collect the receive SNR statistics from 57-sector system simulation whose parameters are
	System Scenario
	User Per Sector
	Traffic Type
	UE Max Power [dBm]
	BS IoT [dB]

	D1 (500m ISD, 3km/h)
	10
	Best Effort
	24
	4.4


The probability density function of the receive SNR averaged over all resource block is shown in Figure 1 below.
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Figure 1  Uplink Received Resource Block SNR Statistics
2.2. Simulation Results

For each modulation scheme (QPSK, 16QAM or 64QAM), the throughput loss for a particular EVM value is obtained by averaging the link throughput curves over the SNR statistics collected via the system simulation.

Figure 2 shows the throughput loss versus EVM for QPSK transmission and Figure 3 for 16QAM. These results assume flat EVM distribution. Figure 2 and 3 also show the impact of eNB receive EVM which characterizes receiver imperfection. The receive EVM is defined in the frequency domain similar to the transmit EVM, but the corresponding error variance is proportional to the total receive power plus noise and interference. 
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	Figure 2. QPSK Tx EVM Throughput Loss.
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	Figure 3. 16QAM Tx EVM Throughput Loss.


Figure 4 compares 64QAM throughput loss of flat EVM versus non-flat EVM distribution. Both have the same average EVM, but the non-flat distribution assumes a 3dB peak-to-average ratio of the EVM spectral density over the UE bandwidth. As evident in the figure, the impact of non-flat EVM is small for 64QAM. Similar negligible impact due to non-flat EVM distribution can be expected for lower order modulation schemes such as QPSK and 16QAM. Even though it can not be excluded that the EVM peak-to-average across frequencies could be even higher than 3dB, the independent scheduling and independent fading of the interfering other sector users will probably dominate the SNR variations anyway, therefore the variation in the EVM power itself shouldn’t be the determining factor. 
We have presented the 64QAM simulation result primarily for demonstrating the impact of non-flat EVM distribution. We should point out that Figure 3 may not yield an accurate UE EVM requirement for 64QAM and therefore at this time we are not proposing an EVM requirement value for 64QAM. This is due to the fact that the system simulator used to provide the receive SNR statistics does not target UE 64QAM transmission. 
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	Figure 4. 64QAM EVM Throughput Loss. Flat-vs-Nonflat EVM Distribution.


2.3.  Recommended UE Requirements
UE EVM requirement is chosen to be the EVM value corresponding to 5% total throughput loss. Reading Figures 1 through 3, we have 17% for QPSK and 10% for 16QAM.  

On the other hand, we do see benefits of keeping the existing WCDMA EVM values, since those values can be assumed achievable already with existing RF components.  A comparison between the existing EVM requirement and the requirements determined here is shown in Table 2-1 below.

	Modulation Format
	Parameter
	Existing Requirement
	Values Obtained by Simulation

	QPSK
	EVM 
	17.5%
	17%

	
	Thorughput Loss
	5.2%
	5%

	16QAM
	EVM
	12.5%
	10%

	
	Throughput Loss
	7.7%
	5%


Table 2‑1  Throughput Loss vs. Tx EVM
Based on Table 2-1, it would also be reasonable to keep the existing WCDMA requirements for QPSK and 16QAM modulations.   
3. Conclusion
Results have been presented for the LTE UE EVM requirements.  The proposed EVM values are listed as follows:

· QPSK Transmission: 

17%
· 16QAM Transmission:
10%
We recommend that these values be consolidated with other company results and considered in determining the UE EVM requirement. 
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