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1
Introduction
LS [1] to RAN4 welcomes guidance from RAN4 on the following points, particularly in relation to 256QAM in the LTE downlink:

· Practically achievable EVM values to assume for DL higher order modulation (for power levels 20dBm, 24dBm, 30dBm and 37dBm)
· The UE receiver impairments (with suitable quantitative values if possible) that should be assumed to be applicable to signal reception in high geometries that are likely to be relevant for DL higher order modulation, and appropriate techniques or methodologies for modelling such impairments

· Any other information that would help RAN1 in its evaluation of higher order modulation for DL operation in small cells  
This contribution will focus on discussing the transmitter EVM for supporting DL 256QAM, including the EVM modelling and considerations for practical BS EVM. 
2
Transmitter EVM modelling
During Rel.8 EVM discussions, especially for 64QAM [2], the approach considering single EVM value for all 64QAM MCS on modulation accuracy was preferred to ensure a robust baseline performance of the system. 
The 5% Tput loss criteria (required EVM to ensure less than 5% Tput loss from the maximum Tput according to the MCS envelope) was taken and SNR range for 64QAM MCSs Tput saturation points was considered for an averaged EVM as working assumption for further margin discussion.
The methodology for deriving the EVM BS requirement for 64QAM [3] [4] [5] could be also applied for 256QAM. 

2.1
AWGN model
It is noted Rel.8 EVM performance studies assumes all the Tx impairments were by an AWGN noise source at the output of the transmitter [4]. 
In [6] for 16QAM and QPSK, the Tput loss due to the EVM caused by a variety of TX impairments (IQ imbalance, DC offset, clipping noise, phase noise) was studied and compared to the impact from TX AWGN with identical EVM. The AWGN noise model was shown to be a reasonably good approximation of these TX impairments. In [3] it was validated that for EVM of ~8%, where clipping noise to be the dominant TX impairment, the AWGN assumption was still quite reasonable. In additional, the peak Tput loss due to EVM impact does not primarily depend on the TX-RX configuration, but on the underlying MCS envelope and especially the MCS “saturation point” of SNR. Also the MIMO algorithms selection has no significant difference in the EVM impact. In [7] the EVM model was provided. Specifically for MIMO transmission, it can be deduced that the SNR in each Tx antenna remains unchanged comparing with SNR in SISO transmission for the similar level EVM. 
To support 256QAM, even less EVM would be tolerated by the UE receiver [8]. For this case, lower EVM could be realized with backing-off the power, and no (or very little) clipping occurs for signal itself. Thus the EVM distribution is very close to AWGN. Generally hard clipper or any clipper EVM distribution has higher peaks will lead to "non-gaussian", see figure 1. Comparing with baseband "hard clipping", PA is a "soft clipper" and it related error vector is small and keeping Gaussian shape, that could be included in TX EVM. Thus the transmisster noise for 256QAM should still assumed to be modeled with AWGN.
Thus we have the following observation:

Observation 1: The transmitter EVM for 256QAM should be modelled as an AWGN noise.
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Figure 1: 10MHz EVM RB width (left) and Sample width (right) 
2.2
Averaged EVM for all 256QAM MCSs
In [3][4], a semi-analytical analysis was provided to conclude an average EVM which could limit the throughput loss for 64QAM MCS to 5%. The EVM could be assumed as the average transmitter noise to the signal noise, and be obtained from Shannon capacity formula considering 5% Tput loss: 
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The EVM to ensure less than 5% throughput loss in corresponding SNR is shown in figure 2 below:
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EVM for 5% throughput loss.
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Figure 2: The EVM to ensure less than 5% Tx throughput loss in corresponding SNR. (Zoomed figure in right)
In addition, the MCS envelope in figure 3 for the maximum throughput and the MCS “saturation points” need to be checked, to get the suitable SNR range which approach Shannon capacity in different 256QAM MCS in order to generate the EVM value. 
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Figure 3: MCS envelope for Tx throughput
According to the figure 3, it is shown that SNR “saturation point” for MCS of 256QAM is at the range of 22-26dB for rank 1 MCS, corresponding EVM in range of 3~4.2% thus the average EVM ensuring less Tx Tput loss could be at ~3.5%. 
Thus we have the following observation:

Observation 2: The averaged EVM ensuring 5%Tput loss on transmitter side for 256QAM could be theoretically at 3.5% (in range of 3~4.2%), not considering implementation margin.
3
Pratical Considerations for BS EVM
In addition, since the lower EVM could be implemented with power back-off instead of clipping, the available total RF power for 256QAM could be several dB lower than nominal. That means the lower EVM could be supported in light of impact on PAPR and cost of PA.
Table 1: Practical Considerations for BS EVM

	For low EVM circumstance Comparing with 64QAM BS
	20dBm, 24dBm, 30dBm BS
	37dBm BS

	Needed power back-off
	Power back-off increase about 1 dB since clipping is already there and may be already degraded with certain degree power back-off for improved data throughput
	Several dB power back-off; 



	Energy Efficiency degrade 
	Moderate
	Large

	Solutions to achieve low EVM circumstance
	Option 1: Keeping current PA with power back off, while Tx power will be lower than nominal power
	The output power degradation could be about 1 dB, that corresponds to several hundreds mW degradation.
	The output power degradation could be several dB that corresponds to several Watts, a large portion of the nominal power.

	
	Option 2: Using a larger PA with power back off to keep the nominal Tx power
	Additional heat dissipation by the additional power need to be considered. Additional PA peak power could be easier to achieve without too much excess of the heat load. 
Cost and size for larger PA need to be considered.
	Additional heat dissipation by the additional power (several Watts) need to be considered.

	Other comments
	Data throughput could be main driver for small cell comparing with coverage; 
Cost and size may be sensitive considerations. 

	Option 1 for 37dBm BS could provide too much coverage loss, while for option 2 the excess heat generation is a key consideration. 

In addition, the cost of a larger PA also needs to be considered.


From the analysis in the table, it is observed the following:

For option 1, keeping the current PA with power back-off, there is no risk on the heat dissipation. While the Tx power will be lower than nominal power, esp. for the 37dBm case, the output power could degrade a large portion from the nominal power, depending on the needed EVM. It should be noted EVM is tested with nominated Pmax transmission power. Thus for option 1, if selected, the test relevant considerations should be further discussed.

For option 2, using a larger PA with power back-off, the nominal Tx power will be kept while the additional heat dissipation due to a larger PA need to be considered (several Watts more heat dissipation for the 37dBm case). 

In both cases, the energy efficiency will be degraded due to power back-off, since the PA is the largest power consumption component in the transmitter.  

Observation 3: To decide practical EVM, the following aspects shall be considered: Tx power comparing with the nominal power, excess heat dissipation, cost and size for larger PA. Operators’ preference on those features and test relevant considerations are quite important. Lower EVM required for DL 256QAM is degrading the eNB energy efficiency. 
4
Conclusion
In this paper, we discussed the EVM modelling for DL 256QAM and practical considerations for BS EVM.  
We have the following observations:

Observation 1: The transmitter EVM for 256QAM should be modelled as an AWGN noise.

Observation 2: The averaged EVM ensuring 5% Tx Tput loss on transmitter side for 256QAM could be theoretically at about 3.5% (in range of 3~4.2%), not considering implementation margin.
Observation 3: To decide practical EVM, the following aspects shall be considered: Tx power comparing with the nominal power, excess heat dissipation, cost and size for larger PA. Operators’ preference on those features and test relevant considerations are quite important. Lower EVM required for DL 256QAM is degrading the eNB energy efficiency.
From the observations, it is concluded: 

Conclusion: The Tx EVM could be modelled as AWGN noise. Averaged EVM ensuring 5% Tput loss on Tx side for 256QAM could be at about 3.5% theoretically (in range of 3~4.2%). Practical achievable EVM still need to consider Tx power comparing with the nominal power, excess heat dissipation, cost and size for larger PA. Operators’ preference on those features and test relevant considerations are quite important. Lower eNB EVM will have the negative impact on eNB energy efficiency. 
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