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Introduction
The work item for 5G broadcast bands was extended by one quarter in order to complete the basestation requirements [1].  One of these remaining requirements is the EVM, which is discussed in this contribution.
Discussion
Error vector magnitude (EVM)
The error vector magnitude is a requirement on the basestation transmitter to ensure modulation fidelity.  It is specified in clause 6.5.2 of 36.104 with the minimum requirement as shown below
Table 6.5.2-1: EVM requirements for E-UTRA carrier
	Modulation scheme for PDSCH or sPDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	3.5 %

	1024QAM
	2.5 %



Additionally, a description of the EVM measurement procedure and definition of associated parameters is provided in Annex E (normative) of 36.104.  The basic EVM function is given by


The signal Z’(t,f) has had time and frequency correction already applied to it as well as frequency domain amplitude and phase equalization.  The basic EVM function is averaged across resource blocks and subframes in a radio frame and then checked against the minimum requirement.


The basic EVM function is evaluated after RF corrections such as frequency offset and timing adjustment have been applied as well as frequency domain equalization.  Since the LTE-based 5G broadcast transmit waveform is OFDM, the EVM is computed and summed across frequency tones after the FFT operation.  The FFT is only operated over the useful samples of the symbol, discarding the cycle prefix.  The EVM measurement carefully defines a window over which the FFT should be taken.  The lower and upper edge of the window indicates two positions where the FFT is taken and an EVM is evaluated.  The maximum EVM for these two FFT locations is then reported as the EVM.  All of these parameters including the FFT size and window length are carefully detailed in Annex E of 36.104.  An example is provided below
Table E.5.1-2d EVM window length for extended CP for 0.37 kHz sub-carrier spacing
	Channel Bandwidth [MHz]
	FFT size
	Cyclic prefix in FFT samples
	EVM window length W
	Ratio of W to total CP (Note 1)
[%]

	1.4
	5184
	576
	504
	87.5

	3
	10368
	1152
	1044
	90.6

	5
	20736
	2302
	2230
	96.9

	10
	41472
	4604
	4498
	97.7

	15
	62208
	6906
	6796
	98.4

	20
	82944
	9208
	9060
	98.4

	Note 1:	These percentages are informative. 



Modulation error ratio (MER)
A new figure of merit denoted as modulation error ratio (MER) has been proposed in [2].  The MER is more commonly used in the broadcast industry in lieu of EVM, but conveys the same basic information.  In fact, it is argued in [1] that EVM and MER are related by a simple conversion

ETSI EN 302 296 [3] and ETSI TR 101 290 [4] are cited as providing details of MER.  The first reference EN 302 296 does not provide any definition or requirement for MER.  MER is only mentioned in an informative Annex E where the impact of adjacent channel ACLR to a victim channel’s MER is empirically studied.  Thus, this first reference is not relevant to the definition of a requirement in the 3GPP specification.  The second reference TR 101 290 is a technical report and hence does not provide requirements; rather, it provides measurement guidelines for DVB broadcast systems.  Specifically for DVB-T terrestrial systems, the MER measurement is defined in clause 9.18.2 of this TR.  Similar to 3GPP EVM, the RF impairments such as frequency and phase offset are first removed and symbol timing is recovered.  However, frequency domain equalization is not applied.  A time record of I and Q samples are collected, but it is not specified whether this time record is obtained in the frequency domain after an FFT operation or otherwise.  Assuming that these samples are in the frequency domain for an OFDM signal, the size and location of the FFT is not specified.  The location of the FFT is relevant since time domain overlap-and-add or FIR waveform shaping across symbols is often used in LTE-based system to contain spectral emissions.  Yet, this waveform shaping can degrade the waveform quality at the beginning or end of the OFDM time-domain symbol.  Therefore, the 3GPP EVM requirement specifies the window placement to capture this degradation.  This artifact does not appear to be captured in the MER procedure.  The MER procedure also does not appear to specify the length of integration or averaging.  The TR states that N symbol pairs (I and Q) are captured and the MER is a summation over these N symbols
[image: ]
Assuming that the N (I,Q) symbols in the MER evaluation corresponds to the same set of symbols in the sets T and F(t) of the 3GPP EVM equation, then the MER = -20log10EVM relationship can be observed.  However, the 3GPP EVM proceeds to average the basic EVM measurement over the period of a radio frame using RMS averaging.  It is not clear if the MER is also averaged or whether only the basic MER is reported, and whether the averaging is RMS or linear, which symbols are included, which resource blocks, etc.  
Therefore, while the EVM and MER fundamentally provide similar information about waveform quality, there are a few differences that may lead to different reported values beyond a simple 20log() conversion.  These may include at least the following
1. Frequency domain equalizer is not included in MER,
2. FFT placement is not specified so the degradation due to overlap-and-add shaping is not captured,
3. Averaging over a radio frame (i.e., 10ms or 40ms) may not be the same between EVM and MER

There may be other differences as well such as for shortened symbols, etc.  Thus, the MER if included into the specification should be “enhanced” with all of the details specified for EVM.  In so doing, then the -20log() equivalency can be applied.  Otherwise, the equivalency will only be approximate subject to the differences in measurement approach between EVM and MER.  Insufficient details are provided in the ETSI TR document to fully understand howt the broadcast test equipment measures MER.  It may be possible to compute or estimate the difference between MER and EVM and include this either as a tolerance to account for known differences or uncertainties, or to directly adjust the core requirement, but this would not be a straightforward exercise.  
Moreover, the additional value to the specification of including MER is not clear.  The benefit of an MER is to maintain consistency with the broadcast conventions, but the value is dubious.  The TR 101 290 states the following 
[image: ]
Thus, the preference for MER stems from familiarity with C/N or SNR measurements rather than for technical reasons.  If familiarity is the primary motivator, the EVM measurement computed according to 3GPP specification can also be converted to an MER by an inverse of the 20log() relationship.  This conversion would be for information only, not as a requirement in the 3GPP specification.  Moreover, it should be recognized that due to uncertainties or differences in measurement procedure, such a conversion may not produce the same result a legacy broadcast tester who has implemented a MER measurement would provide.  
Based on the above discussion, it is proposed to keep only the 3GPP EVM requirement in the specification.  If a 5G broadcast basestation vendor chooses to test and qualify his equipment based on a different metric such as MER, then as with any other deviation from 3GPP specifications, it is at the discretion of the broadcast operator and network planner whether to accept the basestation if it can be understood that EVM as defined by 3GPP is not regulatory in nature.
Proposal:  Keep the 3GPP EVM requirement for 5G broadcast.  Do not replace with or add a new MER requirement in its place.
As a sidenote, it is observed that Annex C of TR 101 290 provides a comparison between MER and EVM.  However, the EVM definition used in TR 101 290 shown below is not consistent with the 3GPP EVM.
[image: ]
In particular, the definition of EVM provided in the TR 101 290 applies a normalization according to the furthest constellation point from the origin in the IQ plane.  The 3GPP EVM definition normalizes according to the average of vector length of actual transmitted symbols; in the case where the EVM is measured over a large number of samples, this normalization converges to the average power of the constellation points rather than the maximum.  Thus, the comparisons and conclusions in Annex C of TR 101 290 do not directly apply to 3GPP EVM.
Window length parameters
The window length for FFT placement in the EVM calculation is specified in Tables of clause E.5.1 in 36.104.  The relevant tables for 5G broadcast are those for 15 kHz, 2.5 kHz, 1.25 kHz, and 370 Hz SCS with extended CP; that is, Table E.5.1-2, Table E.5.1-2a, Table E.5.1-2b, Table E.5.1-2c, and Table E.5.1-2d.  These tables include rows for the LTE channel bandwidths of 1.4, 3, 5, 10, 15, and 20 MHz.  For 5G broadcast, however, it has been agreed that the pmch-Bandwidth would be configured to 6, 7, or 8 MHz.  Therefore, either new rows should be added to these tables for 6, 7, and 8 MHz, or one of the existing LTE channel bandwidths should be used for the purpose of EVM specification (note that the implementation is not restricted).  Similar to the treatment for the UE, it is proposed to use the 10 MHz channel bandwidth parameters for the 6, 7, and 8 MHz pmch-Bandwidth configurations.  The impact is potentially the FFT size according to channel bandwidth but since the FFT size is quantized to factors consisting of power of 2 and power of 3, the options are limited and are not expected to affect either the EVM result or the test complexity.  
Proposal:  Use the 10 MHz channel bandwidth window length parameters for 5G broadcast configured with pmch-Bandwidth of 6, 7, and 8 MHz.
Conclusion
In this contribution, the EVM requirement for the 5G broadcast basestation has been studied.  In particular, a comparison between the conventional 3GPP defined EVM against a MER requirement more commonplace in the broadcast ecosystem has been presented.  Based on the study reported in this contribution, the EVM and MER are similar, but may not be strictly equivalent according to a simple 20log() relationship.  The measurement procedures differ such that a recorded value of MER according to ETSI TR 101 290 may not transform directly to the 3GPP EVM value after applying a 20log() conversion.
Proposal:  Keep the 3GPP EVM requirement for 5G broadcast.  Do not replace with or add a new MER requirement in its place.
The window length specification for EVM was also studied.  The 5G broadcast may be configured for a 6, 7, or 8 MHz pmch-Bandwidth, but the existing window length definitions only apply to existing LTE channel bandwidths.  It is proposed to reuse the 10 MHz channel bandwidth EVM window length parameters for 6, 7, and 8 MHz configured pmch-Bandwidth channels.  No impact to the minimum requirement is expected.
Proposal:  Use the 10 MHz channel bandwidth window length parameters for 5G broadcast configured with pmch-Bandwidth of 6, 7, and 8 MHz.
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