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1
Introduction
In [1], a proposal was made for the definition of the LTE UE emission mask.  A related analysis was given in [2], where FCC Part 24, 27 and PHS regulatory requirements were considered.  In those contributions, only QPSK modulation format was considered.  
In this contribution, we present simulation results obtained with 16-QAM modulation.     
2
Simulation Assumptions
The following simplifications were made: 

· Only the proposed LTE SEM [1] and the FCC Part 22 and 24 rules were considered. 

· ACLR and EVM had not been evaluated. These will be provided in a later contribution

The UE output power without MPR was assumed to be 23dBm.  

In the simulations, we modelled origin offset and IQ-imbalance.  The following assumptions were made, based on partly ongoing discussions related to the UE EVM definition. 

· Origin offset: -25dBc  at 23dBm output power
· IQ-imbalance: -25dBc

3 Simulation Result 
The following bandwidth cases were evaluated:

· 1.4 MHz,  6 RB

· 3 MHz,  15 RB

· 5 MHz,  25 RB

· 10 MHz,  50 RB

· 15 MHz,  75 RB

· 20 MHz,  100 RB

The results are shown in Figures 1-11 below.   

In all Figures, the red curve represents the SEM proposed in [1].  Note that due to the different measurement bandwidth (15kHz vs. 100kHz), there is an approximately 8dB offset relative to the results shown in [1] and a 3dB offset relative to the results in [2].  

For the 1MHz immediately outside of the block, we used: 

· BW=1.4MHz:    -13dBm/15kHz  (-5dBm/100kHz) emission limits; this is slightly tighter than FCC Part 22, 24

· BW=3MHz:       -15dBm/15kHz  (-7dBm/100kHz) 

As a basis for evaluation, the following MPR allowance was simulated. 

· 1.4 MHz,  No MPR

· 3 MHz,   NRB ≤ 3  ( 0dB MPR    NRB ≥ 4  ( 1dB MPR

· 5 MHz,   NRB ≤ 3  ( 0dB MPR    NRB ≥ 4  ( 1dB MPR

· 10 MHz,  NRB ≤ 3  ( 0dB MPR    NRB ≥ 4  ( 1dB MPR

· 15 MHz,  NRB ≤ 5  ( 0dB MPR    NRB ≥ 6  ( 1dB MPR

· 20 MHz,  NRB ≤ 5  ( 0dB MPR    NRB ≥ 6  ( 1dB MPR
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Figure 1  1.4 MHz 16-QAM Emissions

[image: image2.png]dBm/15kHz

Eil

10

Ermissions

—— 16-0AM, RB
—— 16-0AM, RE=3, MPR=0dB
~ 16-0AM,RB

. MPR=0dB

. MPR=0dB
, MPR=0dB

Frequency (Hz)




Figure 2  3 MHz 16-QAM Emissions without MPR
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Figure 3  3 MHz 16-QAM Emissions with MPR
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Figure 4  5 MHz 16-QAM Emissions without MPR
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Figure 5  5 MHz 16-QAM Emissions with MPR
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Figure 6   10 MHz 16-QAM Emissions without MPR
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Figure 7  10 MHz 16-QAM Emissions with MPR
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Figure 8  15 MHz 16-QAM Emissions without MPR
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Figure 9  15 MHz 16-QAM Emissions with MPR
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Figure 10  20 MHz 16-QAM Emissions without MPR
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Figure 11  20 MHz 16-QAM Emissions with MPR
3.1
Proposed MPR
As it can be seen in the results shown above, the SEM can be met in general with the MPR allowance assumed. However, the narrowband spurs due to IM3 products between the fundamental emission and the LO leakage and IQ-imbalance seem to create problems.  Three solutions can be considered: 

Based on the results presented above, the following MPR limits for 16-QAM UL would give sufficient margin. 
· A)  Allow 1dB MPR for all RB allocations

· B)  Tighten the origin offset and IQ-imbalance requirement assumption

· C)  Specify narrow band spur exceptions in the SEM requirement
Our preference is either option A) or B).  In the case of Option A), we would have 1dB SEM-related MPR for all 16QAM cases.    

ACLR and EVM had not been evaluated yet. These will be provided in a later contribution.  
4
Conclusions

Simulation results were provided for the required 16-QAM MPR with the current SEM working assumption. 

Origin offset and IQ-imbalance were included in the UE model. 

We found that for meeting the SEM requirement, a 1dB 16-QAM MPR is adequate, which would not be additional to the QPSK MPR.  Further study is underway to include MPR required for ACLR and later for EVM.   
References
[1]

R4-071235, “E-UTRA UE RF Spectrum Emissions”, Motorola, RAN4 #44
[2]

R4-071435, “Analysis of LTE UE SEM proposal”, Nokia, RAN4#44
[3]

R4-071623, “LTE UE SEM Proposal Evaluation”, Qualcomm, RAN4#44b









































































































































































































































































































































































































































































































































































































































































































































































































































