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1 Introduction
This paper provides the network simulations results to determine the required system EVM LTE UL requirements.

A two step analysis will be employed to determine appropriate uplink modulation accuracy specifications for LTE.  First the LTE transmitter is modeled 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) and is addressed in [1].  These results are used then 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.  

2 Analysis Methodology
The Detailed model used for characterizing EVM impairments in the system simulation are described in Annex A and are; 
· Model considers effects of PA distortion, Amplitude/Phase Imbalance (within occupied RBs), 

· Interpolation and reconstruction filtering (including analog pole mismatches), LO phase noise, Image distortion and UE Tx noise floor

· Effects of distortion separated into in-band (within UE resource allocation) and out of band components

EVM is denoted as the cumulative effect of all the in-band distortion components when the UE is transmitting at maximum power. For example, if cumulative effect of all in-band distortion components at max UE transmit power is 18.5dBc then EVM=18.5dB (11.89%). While EVM notation based on in-band noise, Impact of both in-band and out of band impairments are modeled in the system simulation. For example, for 18.5dB EVM setting, adjacent band noise is 24dBc. Hence the system simulation covers more impairments and not just EVM for the allocated RB in line with proposed EVM methodology in [1] 

3 UE Simulation results
Detailed System Simulation parameters are described in Annex 2. In general this consists of; 

· Time granularity at DFT-SOFDM symbol level

· Realistic Scheduler (see R1-051335)

· Coverage limited users at edge of cell will typically be allocated fewer RBs

· Link Adaptation with HARQ N-channel S&W protocol accurately modeled

· Link Error Prediction accurately maps link curves to system simulation

· Fractional Power control and non-ideal (realistic) channel estimation

· Uplink Control region reserved

The Simulation setup similar to that used for RAN1 UL LTE performance evaluations. Both interference and coverage limited deployments considered (Annex B)
· CASE 1 – 500m ISD, 20dB Penetration loss

· CASE 3 – 1732m ISD, 20dB Penetration loss

-

Both ‘ideal’ and fully loaded scenarios considered. 
· Single User Single Cell (SUSC) - 1UE/cell, no interference from other cells. This scenario is similar to the simple level link simulations. 

· Multiple Users Multiple Cells (MUMC) – 10UEs/cell. In particular the other cell interference is modeled

3.1 UE EVM Single User Single Cell (SUCS)
The key aspects for the single user single cell case 

· 1UE/cell, no interference from other cells

· Only “in-band EVM” affects performance

· Throughput (tput) loss is measured for various UE locations within the cell.

· Loss due EVM varies according to the UE location (operating SNR) in the cell

Single User Single Cell (SUSC) Case 1

Results for small cell deployment (case1) shown below
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Single User Single Cell (SUSC) Case 3

Results for small cell deployment (case3) shown below
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3.2 UE EVM Multiple Users Multiple Cells (MUMS)
The key aspects for the multiple users multiple cells case are;
· 10UEs/cell, other cell interference is modeled

· Both “in-band EVM” and “out of band” noise components affect performance

Multiple Users multiple Cells (MUMC) Case 1

Results for small cell deployment (case1) shown below
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Throughput loss is less than 5% for EVM better than 17dB

Multiple Users multiple Cells (MUMC) Case 3

Results for the large cell Deployment (Case 3) shown below
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Throughput loss for this case is also within 5% for EVM better than 17dB. Note - Bottom 5% throughput for this deployment is very small (3.18kbps) and therefore can be discounted 
4 Conclusion
System simulations used to evaluate effects of impairments. While EVM notation based on in-band noise, Impact of both in-band and out of band impairments are modeled in the system simulation. Performance loss is within 5% when UE TX EVM better than 17dB (14.1
5 Reference
[1] R4-070069
Uplink Modulation Accuracy Specification for LTE, Motorola
6 Annex A: UE Interference model 
The interference model is made up of several components, added linearly as powers. Each power level is relative to the total power in the occupied resource blocks. Each power level is the total power in a frequency block the same size as the occupied resource blocks. The BW is equal to the number of RB in use by the transmitting UE. Each component is described in the 
· PAD: Power Amplifier Distortion

· Out-of-band PAD < In-band PAD

· Defined as a function of output power
·  Levels correspond to 5% EVM due to PA at the ACLR limit.

· PAD is smaller when UE transmit power is smaller
· The BW is equal to the number of RB in use by the transmitting UE
· ID: Image Distortion

· Due to single sideband image component

· Only affects an in-band frequency block of same size as the occupied resource blocks
· The BW is equal to the number of RB in use by the transmitting UE.

· For RB allocations that straddle DC, this interference component will fall within the allocation also.

· In that case, ID should be added to the used RB instead of any unused ones.

· Easily achieved image suppression target, so we need not sweep it in simulation.

· Not a significant contributor and hence may not need to be specified
· GD: General Distortion Model

· Amplitude/Phase Imbalance within occupied resource block

· Interpolation and reconstruction filtering (including analog pole mismatches)

· LO phase noise
· The BW is equal to the number of RB in use by the transmitting UE
· TD: Thermal Noise Model

· Constant dBm value
· The BW is equal to the number of RB in use by the transmitting UE
7 Annex B: Network simulation Parameters and deployment scenarios

Table 1 – Network Simulation Parameters (based on TR 25.814 Table A.2.1.1-3)
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Table 2 – Network Simulation Parameters (based on TR 25.814 Table A.2.1.1-3)
[image: image6.emf]FB 3 20 5 1732 2.0 3

Full-buffer 

(FB)

3 20 5 500 2.0 1

Used (km/h) (dB) (MHz) (meters) (GHz) Case ID

Traffic Type Speed PLoss BW ISD CF Simulation

FB 3 20 5 1732 2.0 3

Full-buffer 

(FB)

3 20 5 500 2.0 1

Used (km/h) (dB) (MHz) (meters) (GHz) Case ID

Traffic Type Speed PLoss BW ISD CF Simulation

























































































PAGE  
4

