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1. Introduction

At last meeting (RAN4#82 in Athens) background information related to modulation quality requirement was included in TR 37.843, sub-clause 5.5.4 [2]. 
In this contribution draft specification text for OTA modulation quality have been created. The requirement text is based on the current conducted requirement in TS 37.105, sub-clause 6.5.4 [1]. With proper modifications a sub-clause with requirement for OTA modulation quality have been created. The intension is to use the draft text as discussion material and initial input in the work with developing new OTA requirements for TS 37.105. 

At the end of this contribution draft specification text is attached for discussion.
2. Discussion

As a starting point the structure and main text bode from the conducted requirements related to modulation quality in TS 37.105, sub-clause 6.5.4 have been used. The modulation quality consists of minimum requirements for MSR, single RAT UTRA and single RAT E-UTRA.   
The current requirements related to modulation quality are defined as: 

6.5.4
Modulation quality

6.5.4.1
General

Modulation quality is defined by the difference between the measured carrier signal and a reference signal. Modulation quality can be expressed e.g. as Peak Code domain Error (PCDE) or Relative Code domain Error (RCDE) or Error Vector Magnitude (EVM) for UTRA and Error Vector Magnitude (EVM) for E-UTRA.

These requirements apply per TAB connector.

6.5.4.2
Minimum requirement for MSR operation

The minimum requirement for a UTRA modulation quality are defined in subclause 6.5.4.3.

The minimum requirement for an E-UTRA modulation quality are defined in subclause 6.5.4.4.

6.5.4.3
Minimum requirement for single RAT UTRA operation

The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Both waveforms pass through a matched Root Raised Cosine filter to the considered chip rate and roll-off α=0.22. Both waveforms are then further modified by selecting the frequency, absolute phase, absolute amplitude and chip clock timing to minimize the error vector. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %.

For UTRA FDD the measurement interval is one timeslot as defined by the C-PICH (when present) otherwise the measurement interval is one timeslot starting with the beginning of the SCH. The requirement is valid over the total power dynamic range as specified in subclause 6.3.4.3. The minimum requirements are the same as those in 3GPP TS 25.104 [6], subclause 6.8.2.1.

For UTRA TDD the measurement interval is one timeslot. The requirement is valid over the total power dynamic range as specified in subclause 6.3.4.3. See annex C of 3GPP TS 25.142 [10] for further details. The minimum requirements are the same as those in 3GPP TS 25.105 [7], subclause 6.8.2.1.

For UTRA FDD the Peak Code Domain Error is computed by projecting the error vector onto the code domain at a specified spreading factor. The Code Domain Error for every code in the domain is defined as the ratio of the mean power of the projection onto that code, to the mean power of the composite reference waveform. This ratio is expressed in dB. The Peak Code Domain Error is defined as the maximum value for the Code Domain Error for all codes. The measurement interval is one timeslot as defined by the C-PICH (when present) otherwise the measurement interval is one timeslot starting with the beginning of the SCH. The minimum requirements are the same as those in 3GPP TS 25.104 [6], subclause 6.8.3.1.

For UTRA FDD the Relative Code Domain Error is computed by projecting the error vector onto the code domain at a specified spreading factor. Only the active code channels in the composite reference waveform are considered for this requirement. The Relative Code Domain Error for every active code is defined as the ratio of the mean power of the error projection onto that code, to the mean power of the active code in the composite reference waveform. This ratio is expressed in dB. The measurement interval is one frame. The minimum requirements are the same as those in 3GPP TS 25.104 [6], subclause 6.8.5.1.

For UTRA TDD 1,28Mcps option, the minimum requirements for modulation quality, PCDE and RCDE, are the same as in 3GPP TS 25.105 [7], subclauses 6.8.2, 6.8.3 and 6.8.4 respectively. The requirement for Relative Code Domain Error is only applicable for 64QAM modulated codes (UTRA FDD and UTRA TDD).
6.5.4.4
Minimum requirement for single RAT E-UTRA operation

For E-UTRA, the minimum requirement for modulation quality, EVM, is specified in 3GPP TS 36.104 [8], subclause 6.5.2.

The background information related to modulation quality from concluded discussion in eAAS WI is captured in TR 37.843, sub-clause 5.5.4. The background information related to modulation quality requirements is captured as: 

5.5.4
Modulation Quality

5.5.4.1
General

EVM captures a maximum allowed distortion allowed due to degradations in the BS transmitter.

For UTRA, EVM is defined as:
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Where Pe is the power of the error signal between a perfect RRC filtered transmitted signal without distortion and the actual transmitted signal and Pt is the power of the perfect transmitted signal without distortion.

For E-UTRA, EVM has been defined slightly differently the measurement device contains a simple equalization algorithm and the EVM is assessed after equalization (The simple equalization algorithm accounts for the fact that some static amplitude and phase deviations incurred in the BS transmitter will be removed at the UE receiver). The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent. 

EVM is calculated as a root mean square average over 10 sub-frames.

For AAS BS in release 13 TS 37.105 [3], the MSR, E-UTRA and UTRA, EVM requirements are retained and applied per TAB connector. 

The conducted EVM requirement applied per TAB connector needs to be translated to an OTA requirement.

Although EVM is expressed in terms of a percentage it is a ratio of 2 powers, that of the error vector and the reference power. As with ACLR whilst the reference (or wanted) signal may be subjected to beam forming the error vector power has unknown correlation level between transmitter units and hence may be beam formed or not.

If the error vector power is correlated then the EVM will be constant over the OTA angular range, however if it is not correlated then it will vary, as shown in Figure 5.5.4.1-1.
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Figure 5.5.4.1-1. 10 Element array, beam pattern and non-correlated EVM distribution (8% EVM)

5.5.4.2
Core Requirement

The EVM requirement however is important only between the BS and its intended UE. Hence the EVM is only of importance in directions where the BS intends to communicate with the UE’s. It is therefore in a set of specific directions from the AAS BS which is of interest rather than the average or total EVM over the entire sphere. In this respect the EVM requirement is different in nature to the ACLR requirement.

The range of directions which the AAS BS meets the EVM requirement is declared by the manufacturer as an EVM directions range.
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Figure 5.5.4.2-1. Example of EVM directions range and 5 conformance points

The manufacturer is to declare the EVM directions range and the EVM must be met across the range of directions.

How the OTA EVM requirements apply with respect to the existing (i.e. Rel-13) EIRP directions set and the beam declarations is FFS.

How to apply EVM requirements for AAS BS with multiple transceivers but without the ability to user beam steer is FFS.

5.5.4.3
Conformance Requirements

For conformance testing the centre direction and the 4 extreme directions in θ and ϕ of the EVM directions range, as shown in Figure 5.5.4.2-1 are declared and tested.

Using the document structure and body text from TS 37.105, sub-clause 6.5.4 together with some new text from TR 37.843, sub-clause 5.5.4, a draft sub-clause 9.x.y to be added in TR 37.105, clause 9.
3. Conclusion

This contribution presents draft sub-clause for modulation quality to be added in clause 9 in TS 37.105 to capture OTA modulation quality. 
The intension is to stimulate further discussion on how to implement more OTA requirement in the current AAS BS specification.
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9.x.y
OTA modulation quality

9.x.y.1
General

OTA modulation quality is defined by the difference between the measured carrier signal and a reference signal. Modulation quality can be expressed e.g. as Peak Code Domain Error (PCDE) or Relative Code Domain Error (RCDE) or Error Vector Magnitude (EVM) for UTRA and Error Vector Magnitude (EVM) for E-UTRA.

These requirements apply within the manufacturer declared [OTA EVM directions range]. These requirement applies at one direction at the time.
9.x.y.2
Minimum requirement for MSR operation

The minimum requirement for a UTRA modulation quality are defined in sub-clause 9.x.y.3.

The minimum requirement for an E-UTRA modulation quality are defined in sub-clause 9.x.y.4.

9.y.z.3
Minimum requirement for single RAT UTRA operation

The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Both waveforms pass through a matched Root Raised Cosine filter to the considered chip rate and roll-off α=0.22. Both waveforms are then further modified by selecting the frequency, absolute phase, absolute amplitude and chip clock timing to minimize the error vector. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %.

For UTRA FDD the measurement interval is one timeslot as defined by the C-PICH (when present) otherwise the measurement interval is one timeslot starting with the beginning of the SCH. The requirement is valid over the total power dynamic range as specified in [reference to OTA power sub-clause]. The minimum requirements are the same as those in 3GPP TS 25.104 [6], sub-clause 6.8.2.1.

For UTRA TDD the measurement interval is one timeslot. The requirement is valid over the total power dynamic range as specified in [reference to OTA power sub-clause]. See annex C of 3GPP TS 25.142 [10] for further details. The minimum requirements are the same as those in 3GPP TS 25.105 [7], sub-clause 6.8.2.1.

For UTRA FDD the Peak Code Domain Error is computed by projecting the error vector onto the code domain at a specified spreading factor. The Code Domain Error for every code in the domain is defined as the ratio of the mean power of the projection onto that code, to the mean power of the composite reference waveform. This ratio is expressed in dB. The Peak Code Domain Error is defined as the maximum value for the Code Domain Error for all codes. The measurement interval is one timeslot as defined by the C-PICH (when present) otherwise the measurement interval is one timeslot starting with the beginning of the SCH. The minimum requirements are the same as those in 3GPP TS 25.104 [6], sub-clause 6.8.3.1.

For UTRA FDD the Relative Code Domain Error is computed by projecting the error vector onto the code domain at a specified spreading factor. Only the active code channels in the composite reference waveform are considered for this requirement. The Relative Code Domain Error for every active code is defined as the ratio of the mean power of the error projection onto that code, to the mean power of the active code in the composite reference waveform. This ratio is expressed in dB. The measurement interval is one frame. The minimum requirements are the same as those in 3GPP TS 25.104 [6], sub-clause 6.8.5.1.

For UTRA TDD 1,28Mcps option, the minimum requirements for modulation quality, PCDE and RCDE, are the same as in 3GPP TS 25.105 [7], sub-clauses 6.8.2, 6.8.3 and 6.8.4 respectively. The requirement for Relative Code Domain Error is only applicable for 64QAM modulated codes (UTRA FDD and UTRA TDD).
9.x.y.4
Minimum requirement for single RAT E-UTRA operation

For E-UTRA, the minimum requirement for modulation quality, EVM, is specified in 3GPP TS 36.104 [8], sub-clause 6.5.2.

[The end of draft]
