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1. 
Introduction 
RAN4#82 meeting agreed the WF on in-band requirements for NR in [1] and average BS Tx EVM requirements over all the PRBs of a given numerology and over 1 PRB for the edge PRBs will be defined. 
In RAN#75 in March 2017, NR WI has been approved in [2] with very tight time schedule for NR Phase 1. By December 2017 complete stage-3 of all L1 and L2-User-Plane for both Non-Standalone and Standalone. RAN4 core requirements should also be defined in time. 
In this contribution we discuss NR BS Tx EVM requirements and measurements over all the PRBs and over 1 PRB for the edge PRBs in NR Phase 1. 
2. 
NR BS Tx EVM requirements and measurements
2.1 NR BS Tx EVM requirements
Due to the tight time schedule for NR Phase 1, it’s better to prioritize RAN4 requirements for the most important and clear use cases. Single numerology case definitely has highest priority since operators have big interests to offer eMBB services to customers in the initial NR deployments. BS EVM requirements are defined to ensure good quality of BS transmitted signals for the receiver to demodulate the signals to avoid retransmissions. It’s important to focus on defining both average BS Tx EVM requirements over all the PRBs and over 1 PRB for the band edge PRBs for single numerology case in NR Phase 1. 
Proposal 1: In NR Phase 1, only define average BS Tx EVM requirements over all the PRBs and over 1 PRB for the edge PRBs for single numerology case. 
Proposal 2: For mixed numerology case, BS Tx EVM requirements could be defined in later phases if the use cases are clear and important.
2.2 NR BS Tx EVM measurements
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 EVM value is then calculated as the mean square root of the measured values. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries. 
· E-UTRA and NR basic unit of EVM measurements 
The E-UTRA 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 in Annex E.2 [3]: 
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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 ideal signal reconstructed by the measurement equipment in accordance with relevant Tx models,


[image: image7.wmf])

,

(

'

f

t

Z

 is the modified signal under test defined in Annex E.3 [3].

Proposal 3: Considering EVM over 1 PRB will be defined for the band edge PRBs in NR for the single numerology case, in frequency domain 1 PRB (12 subcarriers) will be used as NR basic unit of EVM measurement. 
NR frame structure design, reference symbol design, etc. will be different from E-UTRA designs so NR basic unit of EVM measurement in time domain might be different from E-UTRA basic unit of EVM measurement in time domain.

Observation 1: For NR basic unit of EVM measurement in single numerology case, in time domain whether over 1 ms or not could be further investigated based on RAN1 NR designs such as NR frame structure design, NR reference symbol design, etc.
· E-UTRA and NR averaged EVM 

The E-UTRA averaged EVM is described in Annex E.7 in [3]. E-UTRA 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 E-UTRA EVM requirements shall be tested against the maximum of the RMS average at the EVM window W extremities of the EVM measurements as described in Annex E.5 and Annex E.7 in [3]:
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The averaged E-UTRA EVM with the minimum averaging length of at least 10 subframes is then achieved by further averaging of the 
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Proposal 4: For single numerology case, NR BS Tx averaged EVM per frame over all PRBs and over 1 PRB for band edge PRBs with the considered modulation scheme will reuse E-UTRA averaged EVM per frame calculation equation as below. For EVM over 1 PRB, Ni = 1.
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Where Ni is the number of resource blocks with the considered modulation scheme in NR subframe i, and Ndl is the number of allocated NR downlink subframes in one NR frame. 
Proposal 5: For single numerology case, NR BS Tx EVM over all PRBs and over 1 PRB for band edge PRBs with the considered modulation scheme will reuse E-UTRA averaged EVM calculation equation as below:
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where EVMframe is the averaged NR EVM of a frame, and Nframe is the number of NR frames for averanging. The exact number for Nframe could be further investigated based on RAN1 NR designs such as NR frame structure, NR reference symbol design, etc.
3. Conclusions

Based on the discussion in this contribution, we have the following Observations and Proposals:
Observation 1: For NR basic unit of EVM measurement in single numerology case, in time domain whether over 1 ms or not could be further investigated based on RAN1 NR designs such as NR frame structure design, NR reference symbol design, etc.
Proposal 1: In NR Phase 1, only define average BS Tx EVM requirements over all the PRBs and over 1 PRB for the edge PRBs for single numerology case. 

Proposal 2: For mixed numerology case, BS Tx EVM requirements could be defined in later phases if the use cases are clear and important.
Proposal 3: Considering EVM over 1 PRB will be defined for the band edge PRBs in NR for the single numerology case, in frequency domain 1 PRB (12 subcarriers) will be used as NR basic unit of EVM measurement. 

Proposal 4: For single numerology case, NR BS Tx averaged EVM per frame over all PRBs and over 1 PRB for band edge PRBs with the considered modulation scheme will reuse E-UTRA averaged EVM per frame calculation equation as below. For EVM over 1 PRB, Ni = 1.
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Where Ni is the number of resource blocks with the considered modulation scheme in NR subframe i, and Ndl is the number of allocated NR downlink subframes in one NR frame. 
Proposal 5: For single numerology case, NR BS Tx EVM over all PRBs and over 1 PRB for band edge PRBs with the considered modulation scheme will reuse E-UTRA averaged EVM calculation equation as below:
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where EVMframe is the averaged NR EVM of a frame, and Nframe is the number of NR frames for averanging. The exact number for Nframe could be further investigated based on RAN1 NR designs such as NR frame structure, NR reference symbol design, etc.
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