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1
Introduction

1.1
Background Information

A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62, see [1].
The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design.

1.2
Reason for change

For purposes of cell selection/reselection and coverage class estimation, it is necessary for an EC-GSM MS to measure the downlink signal level of the broadcast carriers of the serving cell and neighbor cells. This needs to be described and evaluated in the TR.
1.3
Summary of change
Description and evaluation of DL signal level estimation based on [2] is added.
1.4
References

[1]

GP-140421, “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, source VODAFONE Group Plc. GERAN#62
[2]

GP-150431, “EC-GSM, DL signal level and coverage class estimation”, source Ericsson LM, GERAN#66
pCR to 3GPP TR 45.820-v1.2.1
	First modification (added subclause)


6.2.5.x
DL signal level and coverage class estimation

For purposes of cell selection/reselection and coverage class estimation, it is necessary for an EC-GSM MS to measure the downlink signal level of the broadcast carriers of the serving cell and neighbor cells. In extended coverage, this poses a challenge since the received signal levels are sometimes below the thermal noise. A straightforward signal strength measurement will therefore give an overestimation of the actual received signal level of the broadcast carrier.
Figure 6.2-x illustrates the problem of measuring received signal level in extended coverage. The figure shows the power spectral density of a normal burst (red) and a frequency correction burst (green) in relation to the noise floor (black) at the MCL level (corresponding to Eb/N0 = -6.3 dB for EC-GSM). Clearly, a straightforward signal strength measurement would measure the noise level rather than the wanted signal level. 
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Figure 6.2-x: PSDs of normal burst and FCCH burst compared to noise floor.

Different ways to measure the signal level of the wanted signal (a BCCH carrier) can be considered, for instance:

· Detecting and measuring signal level of FCCH bursts (5 per 51-multiframe as per legacy GSM)

· Measuring the signal level of EC-SCH after coherently combining all repeated bursts (7 per 51-multiframe according to the current EC-GSM design)
· Measuring the signal level of EC-AGCH/EC-PCH blocks (all blocks are based on a 1-burst design and at least repeated twice)
Combinations of the above mentioned methods can be used to improve accuracy.
6.2.5.x.1

DL signal level measurements on FCCH
The network synchronization process of EC-GSM is described and evaluated in subclause 6.2.2.2.1 and subclause 6.2.6.1. This process includes detecting the FCCH to determine time and frequency synchronization. During this process, the signal level of the FCCH bursts can also be determined. At extended coverage, several FCCH bursts will typically have to be detected to get a reliable synchronization. By averaging the estimated signal level of all detected FCCH bursts, an estimate of the average signal level of the broadcast carrier can be derived.
	Next modification (added subclause)


6.2.6.x
DL signal level measurements on FCCH
Simulations have been performed to evaluate the accuracy of FCCH burst based signal level measurements.
6.2.6.x.1
Assumptions

The simulation assumptions are the same as in subclause 6.2.6.1 unless otherwise stated. The derived signal level estimate is based on all detected FCCH bursts until synchronization is successful.
6.2.6.x.2
Results
Figure 6.2-y shows CDFs of the measured SNR for different actual average SNRs. The mean and standard deviation of the distributions are plotted in Figure 6.2-z. Both are based on 1000 synchronization attempts per SNR value.
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Figure6.2-y: CDFs of measured SNR at different actual SNR.
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Figure 6.2-z: Mean and standard deviation of measured SNR versus actual SNR.

6.2.6.x.3
Conclusions
The DL signal level can be estimated with acceptable accuracy based on FCCH bursts during the network synchronization process. The measurements have a standard deviation of 2-4 dB, which is mainly due to the fading of the channel, i.e. not a variation specific to CIoT operating at low signal levels. At negative SNRs, the signal level is overestimated due to that the FCCH bursts received during the fading dips are detected with a lower probability. However, the overestimation is moderate and can be compensated for.
NOTE:
Due to the spread of the DL signal level measurements, an MS may sometimes be assigned a suboptimal coverage class or select a suboptimal cell.
NOTE: 
In the simulations, measurements on the serving cell during network synchronization have been evaluated. During WI phase, further study is needed on neighbour cell measurements for cell reselection.
	End of modifications
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