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1. Introduction 

In this contribution, we make a proposal for defining requirements and measurement procedures for the uplink demodulation reference signal (DM-RS) EVM.     

2. Discussion
The current EVM evaluation methodology underweighs the EVM contribution of the DM-RS because the DM-RS carries only 1/6th or 1/7th of the UL signal power.  Therefore, relative phase or amplitude errors of the DM-RS compared to the data will not be detected with reasonable accuracy. 
As an example, consider a UE that has a 1dB ‘traffic-to-pilot’ setting error (note that because the DM-RS processing can be implemented in a different base band path, such scenarios are possible).  Ideally, this scenario should be seen as an EVM of 
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Assuming equalization based on the DM-RS symbols, the above would correspond to the actual observable symbol SNR in a receiver.   

However, because EVM is calculated as an average across 7 symbols in a slot (6 for extended CP), the EVM calculated according to the current procedures [1] would instead result in 
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Therefore we can see that relative amplitude errors, and similarly, relative phase errors, between data symbols and DM-RS symbols is not captured by the EVM measurement to the extent it impact the receivers ability to achieve high demodulation SNR.  
We propose to solve this by introducing an EVM measure for the DM-RS in addition to the average EVM currently defined in [1].  
In order to minimize the specification impact and testing complexity, we propose the following: 
1. No changes in the EVM signal preprocessing, therefore the same modified signal can be used for EVMDMRS  as for the existing EVM

2. No changes in the equalizer coefficient determination

3. No changes in the equalization, therefore the same equalized signal can be used as for existing EVM

4. The only change is in the set of modulation symbols collected for the evaluation; in the two different EVM evaluation paths, different set of symbol EVMs would be averaged
In order to keep the same statistical certainty of the EVM values, the number of symbols in the averaging for EVMDMRS
should be the same as in the current average EVM case.  By appropriately scaling the current 10ms averaging length [1], we would get: 

1. Averaging length:  10ms * 7 = 70ms  for normal CP

2. Averaging length:  10ms * 6 = 60ms  for extended CP

In order to simplify the definition, we propose to keep a single averaging value, which could be 60ms.  With this, the EVMDMRS  will be based on the observation of 120 PUSCH DM_RS symbols. 

We propose that the EVMDMRS  requirement value to be set the same as the average EVM value for the same modulation order case.  An example set of requirements is shown in Table 1 below. 

Table 1   Minimum requirements for Error Vector Magnitude
	Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	QPSK 
	%
	17.5
	[17.5]

	16QAM 
	%
	12.5
	[12.5]

	64QAM 
	%
	[tbd]
	[tbd]


3. Conclusions

We proposed defining an EVM requirement for the uplink demodulation reference signal.  We propose a measurement procedure for EVMDMRS that reuses the existing EVM procedure as much as possible. As the EVMDMRS requirements, we propose the same value as used in the existing EVM requirements. A full text proposal is given in [2]. 
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