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1 Introduction
In the RAN WG4#42 several contributions discussed definition of EVM for LTE UL [1,2,3]. This document tries to combine the different proposals in a way that is acceptable for all.
2 Proposal
Multi user EVM definition:

EVM includes all unwanted signal components emitted by the mobile in the whole system band. The EVM of a mobile is obtained via the deviation between reference and measured signal at the EVM measurement point, summed over all available virtual sub carriers in the system band.
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Figure 1. EVM definition
Figures above try to explain the definition in more detail.

· For full band transmission the new definition does not differ from WCDMA or from EVM definition for allocated resource units as the reference signal occupies whole spectrum.
1.) Allocated resource units:

SREF = SREF,ALLOC
S = SREF,ALLOC + NALLOC
EALLOC = S – SREF = SREF,ALLOC + NALLOC – SREF,ALLOC = NALLOC

2.) EVM

E / SREF = EALLOC / SREF,ALLOC
· For sub-band transmission the reference signal for non-allocated resource units is zero and therefore all the energy found there is noise. The sub-band case can also be understood as  two independent measurements that are combined to get one EVM figure.
1.) Non-allocated resource units:
SREF,NON-ALLOC = 0
S = NNON ALLOC
ENON-ALLOC = S – SREF = NNON-ALLOC – 0 = NNON-ALLOC

2.) Allocated resource units:

SREF,ALLOC = SREF,ALLOC
S = SREF.ALLOC + NALLOC
EALLOC = S – SREF = SREF,ALLOC + NALLOC – SREF,ALLOC = NALLOC

3.) EVM – Combined for allocated and non-allocated resource units
E / SREF = (ENON-ALLOC + EALLOC) / (SREF,NON-ALLOC + SREF,ALLOC)
    = (ENON-ALLOC + EALLOC) / (0 + SREF,ALLOC)
    = (ENON-ALLOC + EALLOC) / (SREF,ALLOC)
The EVM measurement can be done either in the frequency domain after the equalization, point 1 in figure below, or in the time domain after DFT de-spreading, point 2. in figure below. As only allocated resource units are used in DFT de-spreading this step needs to be repeated for non-allocated resource units to get the equivalent error in time domain if measurement point 2. is chosen.
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Figure 2. Possible EVM measurement points 1 and 2
A challenge for error measurement of non-allocated part of spectrum is that channel estimate for sub-band transmission does not cover the non-allocated part of the spectrum. On the other hand it is important that in error measurement same gain is used for allocated and non-allocated parts as error powers are added together before comparing the sum power to the power of reference signal. One way for doing this is to weight the sub-carriers in non-allocated resource units with mean gain of channel estimate H that is derived for allocated part of the spectrum.
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(2)
where Y[k,m] is the received signal at the m-th data sub-carrier location in the k-th data (long) block and H[k,m] is the corresponding channel estimate. The received and equalized signal R[k,m] is the input to the sub-carrier de-mapper that reconstructs the transmitted RBs.
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Figure 3. Error power measurement for non-allocated part of spectrum
In order to make sure that emissions on all non-allocated resource blocks are at acceptable level in addition to total error power being low enough additional per resource block EVM requirement should be set as proposed in [3]. The ISSL is described the figure below also.
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Figure 4. ISSL
Based on the analysis in [4,5] it’s seen that following limits could be used as working assumptions. 
· EVM for QPSK











MAX 20% (14dB)

· EVM for 16QAM











MAX 14% (17dB)
· Per RB ISSL for non-allocated spectrum
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