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1. Introduction

WI for 64QAM for HSDPA was agreed in RAN#34 [1]. 

This document is proposing the way forward with BS modulation accuracy requirements in case of 64QAM for HSDPA. 
Current Transmit modulation accuracy requirements in [2] are specified in two parts:

· Error Vector Magnitude (EVM) 

· Peak Code Domain Error (PCDE) 

These requirements are discussed further in following sections. A new Relative Code Domain Error requirement similar to the definition in [3] is proposed for 64QAM modulated codes.
2. Current BS modulation accuracy requirements

Current Transmit modulation requirements in [2] are specified as follows:

2.2 Error Vector Magnitude
The EVM is a measure of the difference between the reference waveform and the measured waveform. The result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %. EVM requirement is 17.5% for a composite signal using only QPSK modulation and 12.5% when the BS is transmitting a composite signal that includes 16QAM modulation.
2.3 Peak Code Domain Error and Code Domain Error 
The PCDE is computed by projecting the error vector (as defined with EVM) onto the code domain at a specified spreading factor. The CDE 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 PCDE is defined as the maximum value for the CDE for all codes. PCDE shall not exceed -33 dB at spreading factor 256.  
3. Discussion and proposal for BS modulation accuracy requirements for 64QAM
There have been a number of contributions [4,5,6,7] in previous RAN4 meetings related to the evolution of UE modulation accuracy requirements in light of the UL multi-code configurations occurring in HSDPA and HSUPA. 
It was shown that a composite EVM measurement is not necessarily a meaningful metric for signal quality in this situation. Instead, the modulation quality of each code channel should be considered in form of a TX SNR requirement. As a conclusion it was agreed to have a new Relative code domain error requirement in TS 25.101 [3].
We believe the same reasoning applies also to the NodeB:

1. If one would continue the current structure of EVM requirements in form of 
The Error Vector Magnitude shall not be worse than x % when the base station is transmitting a composite signal that includes 64QAM modulation, 
this would set unnecessarily tight CDE requirements on the QPSK and 16QAM modulated codes. A composite EVM requirement can not distinguish between different TX SNR requirements of the constituent codes, but needs to be set according to the worst case.
2. A drawback of the current PCDE requirement is that it applies not only to a certain code in question, but also to all other and even unused codes. The latter aspect is neither meaningful as explained in [6]. A more logical way is to define a CDE individually for each code according to system performance requirements of the carried modulation scheme. 
Following the approach in [3] we propose not to add 64QAM to the existing structure of EVM and PCDE requirements, but instead to formulate a single Relative Code Domain Error requirement for 64QAM modulated codes only:

The Relative Code Domain Error is computed by projecting the error vector (as defined in 6.8.2) onto the code domain. 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 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 timeslot as defined by the C-PICH (when present) otherwise the measurement interval is one timeslot starting with the beginning of the SCH.
Alternatively, a Code domain Error Vector Magnitude (CEVM) could be defined as an amplitude related percentage: CEVM = 100 * 10^ (- relative CDE / 20) [%].

Numerical values for the Relative Code Domain Error suitable for 64QAM modulation would need to be determined by further system analysis and are FFS.
We propose RAN4 to consider new relative CDE as a measure of the quality of 64QAM modulated codes. Also new TM is needed for testing purposes in TS 25.141. 
Even though the above arguments apply as well to QPSK and 16QAM modulated codes, existing EVM and PCDE requirements for QPSK and 16QAM can remain as today to serve it’s purpose for the legacy implementation and testing according to earlier releases.
4. Summary and Conclusions

We propose following approach with BS modulation accuracy requirement for 64QAM:
· Error Vector Magnitude (EVM). Current requirements for QPSK and 16QAM remains in specification. No new requirement for 64QAM. 

· Code Domain Error (CDE) and Peak Code Domain Error (PCDE). Existing PCDE remains in specification. Additionally new relative CDE requirement and TM are specified for 64QAM modulation only.  

Proposed changes in TS 25.104 are illustrated in Annex A.
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Annex A. Proposed changes in TS 25.104

6.8.2
Error Vector Magnitude

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 with bandwidth 3.84 MHz and roll-off =0.22. Both waveforms are then further modified by selecting the frequency, absolute phase, absolute amplitude and chip clock timing so as to minimise 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 %. 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 6.4.3.

6.8.2.1
Minimum requirement
The Error Vector Magnitude shall not be worse than 17.5 % when the base station is transmitting a composite signal using only QPSK modulation.
The Error Vector Magnitude shall not be worse than 12.5 % when the base station is transmitting a composite signal that includes 16QAM modulation.
6.8.3
Peak code Domain error

The Peak Code Domain Error is computed by projecting the error vector (as defined in 6.8.2) 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.

6.8.3.1
Minimum requirement

The peak code domain error shall not exceed -33 dB at spreading factor 256.

6.8.3A
 Relative Code Domain Error for 64QAM modulation
The Relative Code Domain Error is computed by projecting the error vector (as defined in 6.8.2) onto the code domain. 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 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 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 for Relative Code Domain Error is only applicable for 64QAM modulated codes.
6.8.3A.1
Minimum requirement

The Relative Code Domain Error for 64QAM modulated codes shall not exceed [TBD] dB.
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