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1. Introduction

This document discusses the trade-offs associated with time and frequency averaging for mobility measurements. With some rudimentary simulations we attempt to demonstrate that averaging in time and frequency domain are interchangeable i.e. averaging of the measurement metric over BW “x” MHz and time window “y” ms is roughly equivalent to that over BW M*x and time-window y/M. Shorter time averaging coupled with averaging over a wider bandwidth allows use of dynamic mobility algorithms that can react much quicker to changes in channel conditions. 
2. Discussion
2.1. Simulation Setup 

In order to study the trade-off for averaging the time and frequency averaging for mobility measurements we compare the distribution of Es/Nt as the UE randomly moves around in the 57-sector layout. The statistics are generated for the Typical Urban channel model with speeds of 3km/h and 30km/h. The results presented assume a system bandwidth of 20MHz and are based on Es/Nt where interference is modeled as 100% transmission from all cells (noise is not modeled). Based on the channel in time and frequency a sample value is generated every 2ms for each tone (15KHz) with the simulation run time of 30-60 seconds. Further arithmetic averaging in the time and/or frequency domains are applied as necessary to demonstrate the results in the different cases. The UE performs handovers consistent with the procedure described in section 14.1 (Intra-frequency measurements) of specification 25.331 (7.4.0) [Radio Resource Control (RRC)] 
2.2. Simulation Data – Es/Nt measurements 
The results presented show the distribution (CDF) of Es/Nt for the entire run as a function of different time-window or bandwidths. One sample value is used in the time domain per time window, i.e., 10ms sample implies arithmetic averaging of 5 sample values each measured over 2ms. In the frequency domain we use arithmetic averaging of the channel samples over the specified bandwidth, i.e., 1.25MHz sample implies that the channel is averaged in the frequency domain over 1.25MHz. 
For time averaging we show the impact of averaging the metric over different time windows (2ms, 10ms, 30ms, 50ms, 200ms) over a fixed frequency window of 1.25MHz. For frequency averaging we show the impact of averaging the metric over different bandwidths (1.25MHz, 2.5MHz, 5MHz, 20MHz) with the time window set to 2ms. Lastly we compare a measurement of 1.25MHz with 30ms time averaging with that of a measurement of 20MHz with 2ms time averaging
2.2.1. TU3 channel  

2.2.1.1. Time averaging 
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Figure 1. TU3, Impact of time averaging, frequency averaging over 1.25MHz (CDF)
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Figure 2. TU3, Impact of time averaging, frequency averaging over 1.25MHz (CCDF)
2.2.1.2. Frequency averaging
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Figure 3. TU3, Impact of Frequency averaging with 2ms time averaging (CDF)
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Figure 4. TU3, Impact of Frequency averaging with 2ms time averaging (CCDF)
2.2.1.3. Comparison of Time and Frequency averaging 
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Figure 5. TU3, Comparison of time and frequency averaging (CDF)
2.2.2. TU30 channel  

2.2.2.1. Time averaging 
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Figure 7. TU30, Impact of time averaging, frequency averaging over 1.25MHz (CDF)
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Figure 8. TU30, Impact of time averaging, frequency averaging over 1.25MHz (CCDF)
2.2.2.2. Frequency averaging
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Figure 9. TU30, Impact of Frequency averaging with 2ms time averaging (CDF)
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Figure 10. TU30, Impact of Frequency averaging with 2ms time averaging (CCDF)
2.2.2.3. Comparison of Time and Frequency averaging 
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Figure 11. TU30, Comparison of time and frequency averaging (CDF)

3. Conclusions
The above data shows that averaging in time and frequency domain are interchangeable and suggest that shorter time averaging coupled with averaging over wider bandwidth (where applicable) would allow the use of dynamic mobility algorithms that could react quickly to changes in channel conditions. 
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