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1 Introduction
EVM for E-UTRA Base Station were discussed in last RAN4 meeting, and the general RAN4 view is that EVM should be defined for the frequency domain equalized symbols [1-3]. This paper discusses granularity (time and frequency size), and equalization aspects for the proposed EVM measurements in [1-2]. 
2 Discussion
2.1 EVM definition
The EVM measurement is performed on the frequency domain equalized modulation symbols, and calculated per resources block (RB). However, averaging over resources blocks within a slot,  and/or further averaging over slots may be considered if it is necessary/useful. 

The EVM measurement for RB#m is defined as:
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where 

· 
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 are the number of sub-carriers and the number of OFDM symbols in the RB#m.
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 is the frequency domain equalized (Amplitude and phase corrected) symbol, which is the best fit for 
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. Note that RF frequency offset and FFT timing offset are assumed to be corrected in the equalization process. 
Average EVM over all RBs is defined in [1] as
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where M is number of RBs used for averaging, and is equivalent to measuring EVM over a slot, if M is equal to number of RB in the slot. However, average EVM can also be defined as
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Figure 1: EVM variation over RB positions for 64QAM in 20MHz bandwidth [Averaged over 100 slots with ideal channel estimation] 
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Figure 2: EVM variation over averaged RBs for 64QAM in 20MHz bandwidth with ideal channel estimation

Figure 1 shows the variation of defined EVM quantities with RB position. As expected EVM varies with RB position. However, EVM variation across RB position is not significant compared to the average EVM across the RBs in the slot for the equalized case (0-0.75% difference between the average and maximum EVM values). This Variation can be reduced further by defining EVM across number of RBs, which is shown in Figure 2. It should be noted that variation between  
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 are also not significant.  

2.2 Influence of Channel Estimation on EVM requirements

The channel impulse response (CIR) due to Tx – Rx chain needs to be estimated to measure the EVM. Reference [2] suggested pilot based estimation, and zero-forcing equalization. The CIR estimation is specific to implementation, but a good estimation and equalization is important to avoid tight or relaxed EVM requirements. 
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Figure 3: EVM variation RBs for 64QAM in 20MHz bandwidth [Averaged over 100 slots] with channel estimation 

Figure 3 shows the variation of EVM with different channel estimation techniques with zero forcing equalization. The influence of channel estimation technique is negligible here, as fading channel variation are not accounted in the EVM evaluation. 
2.3 Influence of UE Rx impairments  on BS EVM requirements
The BS EVM requirements should naturally account for BS transmitter impairments, assuming an ideal UE. The requirements are set considering how much system level capacity loss can be acceptable. Reference [2,4] presented a semi-analytical approach to evaluate the capacity loss. Reference [3] attempted to capture the UE impairments by RX EVM, when defining BS EVM requirements. However, this approach seems to equivalent to relaxing the BS EVM requirements, with ideal UE. This is due to AWGN channel condition used for the EVM evaluation. Alternatively, acceptable system level capacity loss can be considered to account for the UE impairments.    
3 Conclusions

We evaluated the EVM measurement granularity, and the influence of channel estimation to define the EVM requirements. We propose to consider defining EVM requirement per RB (irrespective of the position of the RB in the band) per modulation scheme, as outlined in Table 1. We also think that these EVM requirements can be also applicable irrespective of the system bandwidth, since equalization will probably remove any bandwidth specific distortions (eg.: stringent filtering for small bandwidth).  

	Modulation Scheme
	EVM requirement per RB (%)

	QPSK
	[TBD]

	16QAM
	[TBD]

	64QAM
	[TBD]


Table 1: BS EVM requirements
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5 Annex: Simulation Assumptions
	Parameter
	Bandwidth Mode: 20 MHz
	As in TS25.814[5]

	Sub-carrier spacing
	15 kHz
	

	IFFT/FFT size (N)
	2048
	

	Number of active sub-carriers (NA)
	1200
	

	CP type
	short CP 
	As in Table 7.1.1-1 of TS25.814[1]

	Number of resources blocks (RB)
	100
	All RBs are used.

	Reference signal
	Reference signal in 1st and 5th OFDM symbol in a slot, and pilot spacing of 6 sub-carriers.  
	As in TS36.212 

	Modulation
	All RBs are assumed to be 64 QAM
	

	Channel model
	AWGN
	

	Tx filters
	FIR filter
	To shape the spectrum in order to meet the spectrum mask (scaled version of WCDMA mask [6])

	Tx-Rx
	1Tx and 1Rx
	


Table 2: Simulation parameters
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