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1 Introduction
Uplink modulation accuracy specification for the previous WCDMA systems was only concerned with maintaining the link integrity of each UE back to the NodeB.  In those systems, even if the composite EVM or code domain error of a given UE was at its specification limits, it would not significantly affect the link integrity of other UE’s sharing the same RF channel assignment.  
In LTE several users may be given the same RF channel assignment, but different resource block assignments within that channel.  In the ideal case, all users’ emissions would be orthogonal to each other so that no additional interference would be generated.  In an actual deployment perfect orthogonality will not be maintained, so additional modulation accuracy specifications need to be employed to limit the interference of users sharing the same RF channel assignment but different resource block allocations.
The effect on users having adjacent or alternate channel assignments is limited by the ACLR specifications, and will be handled in a similar way for LTE, so that issue is only mentioned but not considered in detail.  In this context ACLR would mean the adjacent operating channel i.e. 5 MHz for this bandwidth option and would similar in current definition for WCDMA
2 Analysis Methodology
A two step analysis will be employed to determine appropriate uplink modulation accuracy specifications for LTE.  First the LTE transmitter is modelled to determine its undesired emission levels into all the resource blocks of its assigned RF channel (both those used by the given UE and those unoccupied).  These results are used to create a model of the UE interference, which will then be applied to all UE’s in a network simulation to determine loss of throughput.  This paper will address the UE transmitter model, and the types of modulation accuracy specifications suggested by it.
3 UE Interference Model
Through UE transmitter modelling, 4 distinct and relatively independent interference mechanisms were observed.  These distinct sources suggest four different specifications that would be appropriate for UE uplink transmitters.  They are:
· Interference that falls into the UE’s own resource block –EVM specification
· Modulator image interference into a specific resource block not occupied by the UE – Image specification
· General interference (LO noise, thermal noise, etc.) falling into all unoccupied resource blocks -GORB spec.
· Transmitter non-linear distortion into the adjacent resource blocks (ACLR) - ACLR specification

[image: image1]
3.1 EVM

Interference into the UE’s own resource block will be addressed through an EVM specification.  This is defined similar to the EVM spec for WCDMA.  The Error Vector Magnitude is a measure of the difference between the reference waveform (ideal symbol) and the measured waveform (reference symbol).  Both waveforms pass through identical reference receivers, and are modified by selecting the frequency, absolute phase, absolute amplitude and chip clock timing so as to minimise the error vector.  The reference receiver includes FFT and IDFT functions so that the error determination is made after the DFT-SOFDM demodulation processing.  Equalization for the non-ideal frequency response of the UE transmitter may also be considered for the reference receiver.  This item is FFS.
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 % value of the minimized error vector. 

3.2 Image Interference
This interference mechanism is due to amplitude and phase imbalance present in I/Q modulators typically employed in the UE transmitter.  If the resource block allocation is symmetrical about the carrier frequency, then this interference will fall within the UE’s own assigned resource blocks and will become a contributor to UE EVM. 
 For all other allocations, some interference may fall within the UE's own allocated resource blocks and, more significantly, interference may also fall in unused resource blocks or resource blocks occupied by other UE(s).  Since it is a very specific disturbance falling on a well defined unused resource block, the proposal is to define a specification that captures this effect independently.  From a measurement aspect, the conformance test would assign the UE to a one or two resource blocks, then set a measurement receiver on the corresponding image block(s) to measure the received interference power.  This measurement receiver would have the same characteristics as that described for UE EVM, so that only the energy received after the DFT-SOFDM processing would be measured.  The assigned resource block would also be placed far from the center of the RF channel to maximize the frequency spacing between the assigned resource block and the image.  This ensures that effects from UE non-linear distortion would not also be captured in this measurement.
3.3 General Out of Resource Block (GORB) Interference
This mechanism is meant to capture all other interference falling into unoccupied resource blocks.  It is primarily composed of local oscillator noise, and thermal noise, but other effects could be captured by it as well.  The proposal is that there would be a flat specification across all unoccupied resource blocks for this mechanism, but that adjacent and alternate resource blocks, as well as the image resource blocks, be excluded from the measurement as they are captured elsewhere.  As with the image specification this spec would use a measurement receiver with the same characteristics as that described for UE EVM, so that only the energy received after the DFT-SOFDM processing would be measured.

3.4 UE Non-Linear Distortion (ACLR)
Since the UE’s non-linear distortion mechanisms are not affected by the size of the resource block allocation, the ACLR specifications should adequately constrain the interference falling onto the adjacent and alternate resource blocks within the assigned RF channel.  This does not suggest that the numeric values of the interference will be equal, only that they will be correlated so that a separate specification for UE non-linear distortion falling within the assigned channel is not necessary. The requirements for ACLR are specified in [1] 
3.5 Power Limitation

For all measurements a minimum power feature may need to be added into the specifications.  This specification feature would either remove or relax the requirements if the UE is below a certain power threshold.  This is needed because the specs described above are all expected to be applied on a dBc basis relative to the UE transmit power.  At low power levels the UE thermal noise limit may make some of the specifications difficult or impossible to meet.  At the same time, there is likely a system noise threshold at which further improvements in UE interference level do not produce any significant increase in system performance.  This is also an item FFS. 

3.6 TX UL equalization

The assumption on equalization in the Node B receiver in the UL will be able to equalize out magnitude/phase response across frequency, note a similar requirement is expected in UE receiver to do the same in the DL. This aspect would be needed due to large range in scalable band options (1.25 to 20 MHz) that LTE has to support with the larger bandwidth being more of an issue. The equalization parameters that need to be specified to correct for UE TX EVM measurement are:
· Frequency error
· Absolute phase
· Absolute amplitude
· Sample timing
· UE TX frequency response magnitude flatness 
· UE TX frequency response phase non-linearity
· Measurement period. For BWs equal or larger than 5 MHz, the measurement interval is 1 TTI while the EVM value is averaged over at least [x] Resource Blocks (RB). For BW lower than 5 MHz, the measurement interval is FFS. 
· The equalization best-fit parameters are for FFS
4 Conclusion
This paper proposes a model and associated specifications for the LTE UE transmitter modulation accuracy.  Three UE modulation accuracy specifications are proposed:  
· EVM 
· Image Interference
· GORB Interference. 
The ACLR which also impacts the modulation requirement is proposed to be treated separately in [1]
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