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1 Introduction
As one of the potential enhancements to improve the spectral efficiency, high order modulation scheme (e.g. 256QAM) for the LTE downlink has been evaluated in RAN1. For further evaluation, RAN1 sent LS [1] to RAN4 seeking for guidance on the practically achievable EVM and UE receiver impairments.

In order to ensure that such evaluations are based on appropriate assumptions, RAN1 would welcome guidance from RAN4 on the following points, particularly in relation to 256QAM:

· 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) 
· 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 
In this paper, we provided our initial evaluation on the first point and some suggestions to evaluate the EVM values for 256QAM.
2 Theoetical method
There had been a lot of contributions to discuss the EVM requirement definition when RAN4 derived E-UTRA BS EVM requirements. At the beginning of the discussion, some theoretical methods of deriving the required EVM values based on equal Tput loss (5 %) across the range of MCSs were shown in[2][3][4]. By considering transmitter impairments which can be modelled as AWGN and regarded as “linear additive”, the relationship between the required EVM and the SNR can be expressed as:
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Note: The EVM values are expressed in terms of a percentage in LTE specification, thus it is multiplied by 100 at last in equation(1).
Equation (1) allows the EVM to be calculated  for a given capacity loss of 5%. A graph of instantaneous S/N versus EVM for 5% Tput loss is given in Figure 1. 
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Figure 1: Required EVM for 5% Tput loss

To obtain the EVM requirement for each MCS, we can find the SNR range from MCS curves and obtain the approximately required EVM value by looking at the midpoint of S/N. We take 64QAM as an example, the S/N range for 64QAM can be choosen from 12 … 17.7 dB according to MCS set in[2], Looking at the midpoint of S/N of ~15dB we can obtain a approximately 7.9% EVM requirement from Figure 1.
Comparing to the 8% EVM requirement for 64QAM  in the BS RF specification, there exist a little bit of deviation between the obtain required EVM value and the value defined in specification. However, the above method can be useful to approximately derive the EVM requirment for a certain modulation scheme. 
Thus when we introduce a high order modulation beyond 64QAM (e.g.256 QAM) in the LTE downlink in small cell scenarios, it can also approximately derive the required EVM by using this method if we know the SNR range. 
3 Link level performance for 256QAM
To obtain the SNR range for 256QAM, some link level simulation results are given in the following figures, the simulation are performed with AWGN channel and 1*1 antenna model configured, also no HARQ is assumed.
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Figure 2: The relationship of spectrum efficiency and SNR (BLER target 0.1) in 64QAM and 256QAM, respectively 
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Figure 3: SNR versus BLER curve for 256QAM, with coderate of 0.93
Figure 2 gives the relationship of spectral efficiency and SNR for 64QAM and 256QAM, respectively. We can see from Figure 2, the link level performace for 256QAM is better than 64QAM from the SNR point of ~19.7dB at BLER=0.1. 
In Figure 3, the higher SNR point for 256QAM is ~25.5dB for the maximum 99% Tput. Thus the S/N range for 256QAM can be choosen from 19.7 … 25.5 dB, by selecting the midpoint S/N of ~22.6dB we can obtain a approximately 4% EVM requirement from Figure 1.
Thus we propose that 4% average EVM as working assumption for a general minimum performance requirement for BS modulation accuracy for 256QAM. We believe this approximate EVM requirement value can be supported by small cell hardware, especially for lower Tx power level such as 20 dBm. 
4 Discussion
As shown in[6], the low-power node deployed in small cell scenarios means a node whose Tx power is lower than macro node and BS classes. Generally, Pico eNB and Femto eNB can be regarded as such low-power nodes, which corresponding to the Local Area BS and Home BS defined in table 1. It is noted that the medium range BS(i.e. mirco cell) of 38dBm Tx power may not be included in small cell SI.
Table 1: Base Station rated output power (Table 6.2-1 in [5])
	BS class
	PRAT

	Wide Area BS
	· (note)


	Medium Range BS
	<  + 38 dBm

	Local Area BS
	<  + 24 dBm

	Home BS
	<  + 20 dBm (for one transmit antenna port)

<  + 17 dBm (for two transmit antenna ports)

<  + 14dBm (for four transmit antenna ports) 

<  + 11dBm (for eight transmit antenna ports)

	NOTE:
There is no upper limit for the rated output power of the Wide Area Base Station.


As seen from Table 1, only four BS classes are defined in TS36.104 currently. The Tx power defined for Local Area BS and Home BS is 24dBm and 20dBm for each antenna connector respectively. For these two type of BS classes, it is reasonable that 4% EVM requirement can be achieved practically for 256QAM.

However for the small cell eNB with the Tx power of 30 dBm and 37 dBm listed in the LS[1], more considerations are needed. Firstly, it is obvious that there are no BS classes defined in TS36.104 which corresponding to the Tx power of 30dBm and 37dBm. Secondly,compared to the low power eNB of 20dBm and 24dBm, the high Tx power eNB of 30dBm and 37dBm may easier result the non-linear RF components such as PA operating into non-linear region, which will produce more severe non-linear products, these non-linear distortions generate in-band interferences which results in amplitude and phase deviation of the modulated vector signal,consequently less stringent EVM requirements may be needed. 
Based on the above, it is suggested that we should only evaluate the EVM of the small cell eNB with Tx powers of 20dBm and 24dBm for DL higher order modulation 256QAM. For small cell eNB with Tx power of 30dBm and 37dBm, it should be postponed untill new BS class are defined.
5 Conclusions
This contribution provided the initial discuss on the EVM requirement for small cell scenarios. we first arouse the theoretical method to derive the EVM, and then we gives some simulation results for 256QAM
Some suggestions are listed as follows:

1: Only evaluate the EVM values for 256QAM for the small cell eNB Tx powers of 20dBm and 24dBm. For the Tx power of 30dBm and 37dBm, it should be postponed untill new BS class are possible defined.
2: 4% EVM requirement can be achieved practically for 256QAM for the small cell with the Tx power of 20dBm and 24dBm.
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