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1. Background

This is a text proposal to update text for EVM FR1 based upon companion discussion papers [1] on the condition that agreements can be made regarding the DM-RS frame structure upon which the requirement levels are based upon.  EVM values taken from agreement [2].  Additional annexes are added similar to TS 36/37.104 where some values are placed in square brackets [] upon conditions on agreements in coming RAN4 meetings. 
References

[1]

R4-1713557, “EVM Requirement for FR1”, Ericsson
[2]

R4-1711271, “Consideration on BS TX EVM”, Huawei, HiSilicon

[3] 

R4-1707734, “Impact on DM-RS patterns on EVM”, Ericsson

TEXT PROPOSAL:

<GUIDANCE:
Only use ETSI styles in the TP. Do not copy formatted text form non-3GPP documents into the TP.>
6.5.2
Modulation quality
6.5.2.1
General

Modulation quality is defined by the difference between the measured carrier signal and a reference signal. Modulation quality can e.g. be expressed as Error Vector Magnitude (EVM). The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector. 
6.5.2.1
Minimum Requirement for BS type 1-C and 1-H

The EVM levels outlined in Table 6.5.2.1-1 shall be met using the following reference signal patterns.    

Table 6.5.2.1-1: EVM requirements for BS type 1-C and 1-H carrier

	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	3.5 %


6.5.2.2
EVM Frame Structure for Measurement

EVM shall be evaluated for each NR carrier over all allocated resource blocks and downlink subframes and with RS density configuration of DM-RS of comb 2 (every other subcarrier) in symbol 3 and 11.  Different modulation schemes listed in table 6.5.2.1-1 shall be considered for rank 1.
For E-UTRA, for all bandwidths, the EVM measurement shall be performed for each E-UTRA carrier over all allocated resource blocks and downlink subframes within 10ms measurement periods. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries. 
[unchanged text]
Annex x.x (normative): 
Error Vector Magnitude

X.1
Reference point for measurement

The EVM shall be measured at the point after the FFT and a zero-forcing (ZF) equalizer in the receiver, as depicted in Figure X.1-1 below.
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Figure X.1-1: Reference point for EVM measurement

x.2
Basic unit of measurement

The basic unit of EVM measurement is defined over one subframe (1ms) in the time domain and 
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 subcarriers (180kHz) in the frequency domain: 
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where
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 is the set of symbols with the considered modulation scheme being active within the subframe,
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is the set of subcarriers within the 
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 subcarriers with the considered modulation scheme being active in symbol t, 
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 is the ideal signal reconstructed by the measurement equipment in accordance with relevant Tx models,
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 is the modified signal under test defined in E.3.

Note: 
Although the basic unit of measurement is one subframe, the equalizer is calculated over 10 subframe measurement periods to reduce the impact of noise in the reference symbols. The boundaries of the 10 subframe measurement periods need not be aligned with radio frame boundaries.

x.3
Modified signal under test

Implicit in the definition of EVM is an assumption that the receiver is able to compensate a number of transmitter impairments. The signal under test is equalised and decoded according to:
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where
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 is the time domain samples of the signal under test.
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 is the sample timing difference between the FFT processing window in relation to nominal timing of the ideal signal. Note that two timing offsets are determined, the corresponding EVM is measured and the maximum used as described in E.7.
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 is the RF frequency offset.
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 is the phase response of the TX chain.
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 is the amplitude response of the TX chain.

x.4
Estimation of frequency offset

The observation period for determining the frequency offset 
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 shall be [1 ms].

x.5
Estimation of time offset

The observation period for determining the sample timing difference 
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shall be 1 ms.

In the following  
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 represents the middle sample of the EVM window of length 
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 (defined in x.5.1)  or the last sample of the first window half if 
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is estimated so that the EVM window of length 
[image: image21.wmf]W

 is centred on  the measured cyclic prefix of the considered OFDM symbol. To minimize the estimation error the timing shall be based on the primary synchronization signal and reference signals. To limit time distortion of any transmit filter the reference signals in the 1 outer RBs are not taken into account in the timing estimation

Two values for 
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 where 
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 is odd and 
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is even.

When the cyclic prefix length varies from symbol to symbol (e.g. time multiplexed MBMS and unicast) then  
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 shall be further restricted to the subset of symbols with the considered modulation scheme being active and with the considered cyclic prefix length type. 

x.5.1
Window length

<Additional Text to be added.>
x.6
Estimation of TX chain amplitude and frequency response parameters

<Additional Text to be added.>
x.7 
Averaged EVM

EVM is averaged over all allocated downlink resource blocks with the considered modulation scheme in the frequency domain, and a minimum of 10 downlink subframes:

For FDD the averaging in the time domain equals the 10 subframe duration of the 10 subframes measurement period from the equalizer estimation step. 

For TDD the averaging in the time domain can be calculated from subframes of different frames and should have a minimum of 10 subframes averaging length. TDD special fields (DwPTS and GP) are not included in the averaging.
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Where Ni is the number of resource blocks with the considered modulation scheme in subframe i and Ndl is the number of allocated downlink subframes in one frame.

The EVM requirements shall be tested against the maximum of  the RMS average at the window W extremities of the EVM measurements:

Thus 
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Thus we get:
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The averaged EVM with the minimum averaging length of at least 10 subframes is then achieved by further averaging of the 
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